Stereospecific Synthesis of 4,8-Dimethylspiro(4,5)-deca-7-ene-l,6-dione
A Synthetic Route to the Acoranes
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A stereospecific synthesis of 4,8-dimethylspiro(4,5)-deca-7-ene-l,6-dione from 4,7-dimethylcoumarine in high yield is reported. The configuration of this product is established
according to its i l l NMR and 13C NMR data.

The synthesis of the spiro(4,5)decane system is of
interest because it constitutes the basic skeleton of
the acoranic sesquiterpenes [1]. In this paper we
wish to report a stereospecific synthesis of a
promising precursor (1) of some of these natural
products.
According to literature [2] cyclohexanones asubstituted with a co-carboxyalkyl chain yield
diketo-spiro systems on treatment with polyphosphoric acid. Thus, a spiro system like 1 can be
related to 2 which in turn, is related to the aromatic
system 3. The latter is a modified homolog of an
easily accessible compound, 4,7-dimethylcoumarine
(4) [3].
The transformation of 4 into 3 was accomplished
through a series of standard reactions. The catalytic
hydrogenation of the 3,4-double bond of 4 over 10%
palladium-charcoal [4], followed by the etherification
of the resulting lactone with dimethjdsulfate in
basic medium, yielded 3-(o-methoxy-^)-tolyl)-butanoic acid. The desired 4-(o-methoxy-^)-tolyl)-pentanoic acid (3) [5] was obtained by homologation of the
latter through the following secuence: lithium
aluminum hydride reduction, treatment of the
resultant alcohol with triphenylphosphine in carbon
tetrachloride, cyanide displacement of the halide
and basic hydrolysis of the nitrile.
The transformation of the anisole 3 into the
alicyclic acid 2 was accomplished by reduction under
Birch condition followed by aqueous acid treatment
of the dihydrobenzene product. The overall yield
of 2 from 4 was 60%. Since a new asymmetric center
is introduced in this step, 2 should be a mixture of
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diastereomers. This is clearly seen in its XH NMR
spectrum in which the signal of the secondary
methyl group at C4 appears as two doublets of equal
intensity, at <5 = 0.80 and 0.92. The presence of a
diastereomeric mixture is also discerned from its
13C NMR spectrum (see Table).
Table. Selected 13C NMR and !H NMR spectra data of
compounds 1, 2 and 7*.
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* ö -Values are in ppm downfield from tetramethylsilane.

The next step was considered to be the most
critical one of this synthesis, since the literature [2]
referred to simpler cyclohexanones than 2, in which
the ketone is a,/?-unsaturated and bearing a methyl
group in the a-carbon of the side chain, which could
influence the course of the reaction. The reaction
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of 2 with polyphosphoric acid was conducted as
indicated in the experimental section and, in spite
of some difficulties found in the purification 1 could
be isolated as a crystalline solid in 50% yield. Its
sharp melting point, 1 H NMR spectrum (shows only
one doublet at 6 = 0.98) and 13C NMR spectrum
(see Table) indicate clearly the existence of a single
diastereomer. The Dreiding model of the reaction
intermediate (2 a), the acylium ion of the enolic
form of 2, shows that the unfavorable non-bonded
interaction between the methyl group of the side
OOH

COOH

chain and the hydroxy group would drive the
reaction to a spiro compound of R,S configuration
and its enantiomer. This assumption is supported
by comparison of the XH NMR spectrum of 1 with
the spectra of 5 and 6 [6]. The aliphatic methyl
groups of these compounds resonate at <5 = 0.96 and
0.94, suggesting that in 1 the methyl group is
oriented away from the unsaturated carbonyl group.
The *H NMR spectrum of 1 confirms this assumption (see Table); the C4-H appears as a double
doublet of quartets at d = 3.00, this high <5-value
points out that this hydrogen is oriented towards
the unsaturated carbonyl group. As a further proof
of this we reduced both carbonyl groups of 1 with
lithium aluminum hydride to the diol 8. In the
XH NMR spectrum of 8 the C4-H resonates between
<5 = 2.6 and 0.9 being therefore unresolved from the
resonances of the methylene protons. As expected
for a single diastereomer the 13C NMR spectrum
of 1 shows twelve lines, whilst the 13C NMR spectra
of the diastereomeric mixtures of compounds 2 and 7
show several lines splitted in two.
It should be noted that the removal of the unsaturated keto group and the use of the remaining
carbonyl group for the introduction of an isopropyl
substituent would make 1 a synthetic precursor of
a-acoradiene, <5-acoradiene and a-acorenol [7].
Experimental

All melting points and boiling points are uncorrected. IR spectra were determined as film or
Nujol pastes with a Perkin Elmer 421 spectrometer.
1 H NMR spectra were determined at 60 MHz on a
Varian A-60 spectrometer or at 100 MHz on a
Varian XL-100/15 spectrometer, 13C NMR spectra
were determined at 25.2 MHz on a Varian XL-100/15
spectrometer, using CI3CD as solvent and TMS as
internal standard. UV spectra were obtained in a
95% ethanol solution with a Beckman DK-2 A
spectrometer. Mass spectra were recorded on a
Varian CH-7 spectrometer at 70 eV. Anhydrous
sodium sulfate was used as the drying agent.

1a

2a
COOH

3-(o-Methoxy-p-tolyl)-butanoic

acid

A solution of 5.16 g (28.5 mmoles) of 3,4-dihydro4,7-dimethylcoumarine (obtained by catalytic
hydrogenation [3] of 4,7-dimethylcoumarine [4]) in
95% ethanol (50 ml), dimethylsulfate (50 ml), and
KOH 10% (125 ml) was heated at 100 °C. Afterwards, 200 ml of KOH 10% and 75 ml of dimethylsulfate were added over 1 h. (The solution must
remain basic.) When the addition was over, the
solution was cooled, acidified with concentrated

499 E. L. Michelotti-E. L. Sanchez • 4,8-Dimethylspiro(4,5)-deca-7-ene-l,6-dione

HCl and filtered to give 5.5 g of the acid as a light
yellow crystals (used in the following step without
further purification): m.p. 86-87 °C (pet.ether);
UV: Amax 280 nm {e 6069), 274 nm (e 6300) (c =
8.65 x 10~5 moles/L) ; I R : 3300-2400 (br.,s),l 700 (s);
i H N M R : 11.25 (br., exchanges with D 2 0 ; 1H,
acidicproton),7.18-6. 65 (m c, 3 H, arom atic protons),
3.80 (s, 3H, OCH3), 3.90-3.35 (mc, 1H, C 3 -H),
2.75-2.46 (mc, 2H, CH 2 -COOH), 2.21 (s, 3H,
Ar-CH 3 ), 1.26 (d, 3H, J = 7Hz, C 3 -CH 3 ); MS:
208 (M+, 16%), 149 (M+-CH2-COOH, 100%).
Analysis for CizHx^Oz

Calcd
Found

C 69.21
C 69.02

3-(o-Melhoxy-p-tolyl

H 7.79,
H 7.72.

)-l-butanol

To a stirred suspension of lithium aluminum
hydride in 75 ml of dry ether, was added dropwise a
solution of 4.78 g (23 mmoles) of the preceeding
acid in 50 ml of dry THF and 75 ml of dry ether.
The suspension wras refluxed for 24 h, the excess of
lithium aluminum hydride was destroyed with water
and the Al(OH) 3 formed was dissolved with concentrated HCl. The aqueous layer was extracted
with ether (3 X 150 ml) and the combined organic
layers were washed with brine. After drying, the
solvent was removed under vacuum and the resultant yellow oil was distilled to give 4.0 g (90%) of the
alcohol as a water clear oil: b. p. 140-141 °C (5 Torr.);
U V : Amax 281 nm (e 2158), 275 nm (e 230) (c =
1.39 X lO-4 moles/L); I R : 3350(s); *H NMR: 7.12 to
6.60 (mc, 3H, aromatic protons), 3.92 (s, 3H, OCH3),
3.70-3.10 (mc, 3H, Ci-H and C 3 -H), 2.22 (s, 3H,
Ar-CH 3 ), 2.10 (s, 1H, exchanges with D 2 0, OH),
1.50-2.00 (mc, 2H, C 2 -H), 1.23 (d, 3H, J = 7Hz,
C 3 -CH 3 ) ;MS: 194(M+, 19%), 149(M+-CH 2 -CH 2 -OH.

100%).

Analysis for CiiHi^O^

Calcd
Found
l-Chloro-3-

C 74.19
C 73.90

H 9.34,
H 9.29.

(o-methoxy-p-tolyl)-butane

3.92 g (20 mmoles) of the preceeding alcohol and
7.86 g (30 mmoles) of triphenylphosphine were dissolved in 50 ml of dry CCI4 and refluxed for 22 h.
After cooling 150 ml of hexane was added and the
precipitated triphenylphosphine oxide separated by
filtration. The solvent was removed under vacuum
and the remaining yellow oil was distilled to give
3.69 g (86%) of l-chloro-3-(o-methoxy-^-tolyl)butäne as a colorless oil: b.p. 125-127 °C (6 Torr.j;
U V : Amax 281 nm (e2296), 275 nm {s2352) (c = 3.5 X
lO-4 moles/L); I R : 730 (m); XH NMR: 7.18-6.60
(mc, 3H, aromatic protons), 3.82 (s, 3H, OCH3),
3.13-3.60 (mc, 3H, Ci-H and C 3 -H), 2.32 (s, 3H,
Ar-CH 3 ), 2.30-1.60 (mc, 2H, C 2 -H), 1.22 (d, 3H,
J — 1 Hz, C 3 -CH 3 ); MS: 214 (M+ + 2 , 3 % ) , 212 (M+,
10%), 149 (M+-CH2-CH2-CI, 100%).

Analysis for

Calcd
Found
4-

CnR\iClO

C 67.80
C 67.92

H 8.00
H 8.07

Cl 16.70,
Cl 16.79.

(o-Methoxy-p-tolyl)-pentanonitrile

To a solution of 2.70 g of dry NaCN in 90 ml of
anhydrous DMSO heated at 100 °C was added
dropwise 3 g (14 mmoles) of the above halide. The
resultant clear solution was maintained at 100 °C
during x/2 h, cooled and poured into 300 ml of ice
water. After extraction with C13CH (3 x 150 ml),
the combined organic layers were washed with brine
and dried. The solvent was removed under vacuum
to give 2.25 g (90%) of the nitrile as a light yellowoil (used in the following step without further
purification): b.p. 85-87 °C (7 Torr.); UV: Amax
281 nm {e 1984) (c = 1.75 X 10~4 moles/L); I R :
2220 (m); XH NMR: 7.10-6.65 (mc, 3H. aromatic
protons), 3.78 (s, 3H, OCH3), 3.45-3.00 (m, 1H,
C 4 -H), 3.30 (s, 3H, Ar-CH 3 ), 2.20-1.60 (m, 4H,
C2-H and C 3 -H), 1.22 (d, 3H, J = 7 Hz, C 4 -CH 3 );
MS: 203 (M+, 20%), 149 (M+-CH 2 -CH 2 -CN, 100%).
Analysis for C13H 17NO

Calcd
Found

C 76.81
C 76.56

H 8.43
H 8.49

4-(o-Methoxy-p-tolyl)-pentanoic

N 6.89,
N 6.57.
acid (3)

A solution of 2 g (10 mmoles) of the preceeding
nitrile and 11 g of NaOH in 100 ml of 90% ethanol
was refluxed for 24 h. The solvent wTas removed
under vacuum and the residue was taken up with
water and brought to pH 1 with concentrated HCl.
The resulting suspension was extracted with C13CH
(3 X 80 ml) and the combined organic layers were
washed with water and re-extracted with 5 %
NaHC0 3 (4 x 100 ml). The combined aqueous phases
were acidified with 2 N HCl and extracted with
C13CH (3 X 150 ml).
The combined organic layers were washed with
water, dried and the solvent evaporated under
vacuum to give 2 g of 3 as a light yellow oil (used
without further purification). This oil gave a white
crystalline solid from boiling water: m.p. 41-42 °C;
I R : 3300-2400 (br., s); XH NMR: 11.45 (br, exchanges with D2O, 1H, acidic proton), 7.14-6.66
(mc, 3H, aromatic protons), 3.78 (s, 3H, OCH3),
3.46-2.90 (mc, 1H, C4-CH3), methyl ester of 4:
b.p. 110-112 °C (3 Torr.); MS: 236 (M+, 14%), 149
(M+-CH 2 -CH 2 -COOMe).
Analysis for C14H20O3

Calcd
Found

C 71.16
C 71.12

H 8.53,
H 8.69.

4-(4-Methyl-2-oxocyclohex-3-enyl)pentanoic

acid (2)

To 400 ml of doubly distilled liquid NH 3 at
—78 °C was added a solution of 8 mmoles of 3 in
150 ml of dry t-BuOH and 150 ml of dry THF. To
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the resulting solution was added 5.6 g of lithium
wire over 15 min. Afterwards the resulting deep
blue solution was refluxed for 5 h. Absolute ethanol
was added carefully until the suspension had turned
white. The ammonia was evaporated at room temperature overnight and the remaining solvent removed under vacuum. The residue was treated with
150 ml of 1 N HCl under refluxed for 1 h. After
cooling the mixture was extracted with CI3CH
(3 X 100 ml). The combined organic layers were
washed with water, dried and the solvent removed
under vacuum to give 2 as a light yellow oil (90 to
94%): IR: 3700-2300 (br, s), 1730 (s), 1660 (s);
iH NMR: 8.90 (br, exchanges with D 2 0, 1H, acidic
proton), 5.93-5.80 (mc, 1H, 0 = C - C H = C ) , 2.55 to
1.10 (mc, 10H, aliphatic protons), 1.92 (s, 3H,
C=C-CH 3 ), 0.82 and 0.96 (two doublets, 3H, J —
7 Hz, C4-CH3). Methyl ester of acid 2: b.p. 118 to
121 °C (3 Torr.); MS: 224 (M+, 4%), 110 (McLafferty
rearrangement, 100%).
Analysis

for C13H20O3

Calcd
Found

C 69.61
C 69.05

protons), 0.98 (d, 3 H , J = 7 H z , C5-CH3); M S : 192

(M+, 24%), 137 (100%), 82 (82%).

Analysis

for

Calcd
Found

A mixture of 420 mg (2 mmoles) of 2, 2.6 g of
glacial acetic acid and 1.3 g of polyphosphoric acid
was stirred at 100 °C for 4 h. The resulting mass was
poured into ice water and extracted with benzene
(3 X 100 ml). The combined organic layers were
washed three times with 5 % NaHC03, dried and
the solvent removed under reduced pressure. The
dark residue was dissolved in 20 ml of 95% ethanol
and filtered through a carbon: celite column;
carbon : residue 50:1; with 900 ml of 95% ethanol.
After solvent removal under reduced pressure
200 mg (50%) of 1 were obtained as white crystals:
m.p. 60-60.5 °C (pet.ether); UV: ; imax 233 nm
(e 13.780) (c = 2.54 moles/L); IR: 1740 (s) cyclopentanone, 1660 (s) cyclohexenone; *H NMR
(100 MHz): 6.0-5.8 (m, 1H, C = C H - C = 0 ) , 3.0

C 74.97
C 75.06

H 8.39,
H 8.57.
acid (7)

Was obtained by reduction of 3-(o-methoxy-^>tolyl)-butanoic acid in similar way than 2 was
obtained from 3.
m.p.: 92-93 °C (benzene-pet.ether); UV: Amax
231 nm (e 34198) (c = 2.12 X 10-5 moles/L); I R :
3300-2400 (br., s), 1690 (s), 1660 (s); *H NMR: 9.75
(br., exchanges with D 2 0, 1H, acidic proton),
5.94-5.80 (m, 1H, C = C H - C = 0 ) , 2.90-1.65 (m, 8H,
aliphatic protons), 1.94 (s, 3H, C=C-CH 3 ), 1.05 and
0.91 (two doublets, 3 H , J = 7 H z , C3-CH3). M S : 196

(M+, 2%), 82 (retro Diels Alder, 100%).
for

Calcd
Found
(1)

CizH^O*

3-(4-Methyl-2-oxocyclohex-3-enyl)-butanoic

Analysis

H 8.99,
H9.41.

4,8-Dimethylspiro(4,5)deca-7-en-1,6-dione

JH4—CH3== 7 Hz, C 5 -H), 2.80-1.20 (m, 8H, methylene

CnHisOz

C 67.32
C 67.45

H 8.22,
H 8.27.

4,8-Dimethylspiro(4,5)deca-7-en-1,6-diol

(8)

Was obtained by reduction of 1 with a 1 M solution of lithium aluminum hydride in THF [8].
iH NMR: 5.70-5.50 (m. 1H, C=CH-C-OH), 4.30 to
4.1 (m, IH, C=C-CH-OH), 4.00-3.80 (m, IH,
CH-OH), 3.70 (br., exchanges with D 2 0, 2H, OH),
2.62-0.90 (m, 9H, aliphatic protons), 1.86 (s, 3H,
C = C - C H 3 ) , 1.02 (d, 3 H , J — 1 H z , C4-CH3). M S :

196 (M+, 6%), 181 (4%), 178 (35%), 163 (20%), 95
(100%), 84 (80%).

— 17 H z ,
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