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A new approach to (±)-heritonin. The preparation of b-tetralones
from allylsilanes and acid chlorides
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Abstract—A new method for the preparation of 4-alkyl-b-tetralones is described, by reaction of arylacetic acid chlorides with
allylsilanes. Employing b-tetralone 5, the synthesis of (�)-heritonine and (�)-epi-heritonine, natural piscicides isolated fromHeritiera
littoralis, was achieved in four steps and 22% overall yield. The key step of this synthesis involved the selenocarbenium ion-mediated
elaboration of the butenolide ring of the natural product.
� 2004 Elsevier Ltd. All rights reserved.
Heritonin (1), heritol (2), heritianin (3), and vallapin (4)
are cadinane sesquiterpenes (Fig. 1) isolated from Her-
itiera littoralis, a mangrove plant of Philippines and
other tropical countries, used by native fishermen to kill
fish.1 Unlike rotenoid-yielding mangrove plants used by
South American Indians for fishing, in which ichtiotoxic
properties are attributed to rotenone,2 it was shown that
piscicidal activity of Heritiera resides mainly in lactones
1–4.

Four syntheses of lactones 1 and 2 have been reported to
date, all of them involving a-tetralone intermediates;
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Figure 1. Cadinane sesquiterpenes isolated from Heritiera littoralis.
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they differ in the way how the butenolide ring was
accomplished.3 Thus, intramolecular Wittig reaction,3a

osmylation,3b and oxidative cyclization of b,c-unsatu-
rated esters with ceric ammonic nitrate3c have been used
for that purpose and a ‘green’ synthesis of heritonin,
heritol, and analogs, by cyclization of b,c-dihydroxy-
esters to butenolide employing Amberlyst-15, was also
described.3d

Recently, we disclosed the Lewis acids-mediated alkyl-
ation of silyl enolethers with a-halo-a-phenyl seleno-
esters.4b Continuing our studies on the use of
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Scheme 1. Retrosynthetic analysis of (�)-heritonin (1).
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Scheme 3. Reagents and conditions:13 (a) AlCl3 (3 equiv), CH2Cl2,

�20 �Cfi reflux, 90min.
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organochalcogenium stabilized carbocations for the
regiospecific construction of C–C bonds,4 we report here
the synthesis of (�)-heritonin (1) using this alkylation
strategy for the construction of the butenolide ring of
the natural product (Scheme 1). We also disclose a new
approach to 4-alkyl-b-tetralones, employed for the
elaboration of 5, which embodies the tetraline unit of
(�)-1.

Initially, it was envisioned to prepare key b-tetralone 5
from a-tetralone 7 (Scheme 2). In spite of the increasing
use of b-tetralones as intermediates for dopamine
antagonists5 and spasmolytic agents6 and other com-
pounds, methods for accessing 4-substituted-b-tetra-
lones are scarce and of rather narrow scope. In addition,
high cost and poor purity of commercial b-tetralones
constitute interesting incentives to develop new synthe-
ses for these compounds.

The most common methods for the preparation of
b-tetralones involve 1,2-transposition of the carbonyl
group of a-tetralones,7 reduction of substituted
2-methoxy-naphthalenes,8 cyclization of diazoketones,
and b-keto-sulfoxides,9 and the Friedel–Crafts reaction
of aromatic acyl chlorides with olefins.10 The 1,2-car-
bonyl transposition of a-tetralone 7 to 5 showed satis-
factory results (Scheme 2, steps a–b).11;12

Nevertheless, preparation of 7 according to Ayyangar
et al.,3b (43% overall yield, six steps from 2-methyl ani-
sole), resulted lengthy and tedious, many steps requiring
anhydrous conditions, which prompted us to study a
more direct approach to b-tetralone 5.
CH3

CH3O
C

CH3

CH3

CH3O
CH3

CN

8

a
80%

b
63%

7

CH3

CH3O
CH3

O

d

CH3

CH3O

CH3

CH3O
CH3

O

CO2EtCH3
SePh

10
11

(2 steps)

e, 41%
CH3

Cl
CO2Et

SePh

Scheme 2. Reagents and conditions: (a) (1) TMSCN, ZnI2, reflux, 24 h; (2

CH2Cl2, rt;
11 2.3N HCl, reflux, 12 h; (c) (1) LDA, THF, )78 �C; (2) TMSCl; (

NaBH4, EtOH, 0 �C, 5min, rt, 1 h; (2) 12N HCl, 60 �C, 40min.
We discovered that the AlCl3-mediated Friedel–Crafts
reaction of aromatic acyl chlorides with allyl trimethyl-
silanes furnishes 4-methyl-b-tetralones directly and in
reasonable to good yields13 (Scheme 3, Table 1). The use
of acyl chlorides and olefins in the presence of Lewis
acids to prepare b-tetralones was first described by
Burckhalter and Campbell14 and is well documented.
Recently, Gray and Smith15 disclosed an improvement
of this procedure, using trifluoroacetic anhydride/H3PO4

instead of AlCl3. However, the use of allylsilanes as the
olefin component has not been reported and the syn-
thesis of aryl-substituted-4-methyl-b-tetralones exploit-
ing a Friedel–Crafts reaction has no literature precedent.

Tetralone 5 was obtained together with its isomer 15a
from which it was easily separated by crystallization
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Table 1. Synthesis of 4-methyl-b-tetralones

Entry Acyl chloride Allylsilane (equiv) b-Tetralone R1 R2 R3 R4 R5 Yield (%)a

1 13a 14a (1.6) 5þ 15a (2:1)b 5: H CH3 CH3O H H 25c

15a: – H CH3O CH3 H 16

2 13b 14a (1.6) 15bþ 15c (2:1)b 15b: H CH3 H H H 47d

15c: – H H CH3 H

3 13c 14a (3.0) 15d H H CH3 H H 23

4 13d 14a (1.6) 15e H H Br H H 35

5 13e 14a (1.6) 15f Cl H H H H 60

6 13f 14a (1.6) 15g H H H H H 71

7 13f 14b (5.0) 15h H H H H nPentyl 34

aAfter purification by silica gel column chromatography.
bDetermined by GC and 1H NMR of the crude reaction and compared after purification.
c Purified by crystallization from petroleum ether.
dYield of the mixture.
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(petroleum ether, 25% yield). A similar behavior was
observed during the cyclization of 13b (Table 1, entries 1
and 2). Yields of b-tetralones prepared as shown in
Scheme 3 are satisfactory, compared to those arising
from cyclization of b,c-unsaturated ketones with AlCl3.

16

Moreover, the aryl acetic acids and allyltrimethylsilane
are easily available, the method described here allows
the preparation of several 4-methyl-b-tetralones in a
short sequence, and acyl chlorides with electron with-
drawing groups can be used (entry 5).

A reaction that exploits the ability of the selenium atom
in stabilizing an adjacent carbocation, which is part of
an extensive study of selenocarbenium ions developed
by our group,4 served for the synthesis of the butenolide
unit of (�)-heritonin (1). Thus, silyl enol ether 9 was
prepared in 76% yield from the b-tetralone 5 and treated
with a-chloro-a-phenylseleno-ethyl propionate in the
presence of ZnBr2,

4b furnishing c-keto ester 10. Reac-
tion of crude ester 10 with mCPBA at �78 �C provided
41% of a,b-unsaturated ester 11,17 together with 16% of
its isomeric trans ester, easily separated by silica gel
column chromatography (hexane/EtOAc, 95:5). Finally,
ester 11 was cyclized upon reduction with NaBH4 and
acid hydrolysis to give 75% of (�)-heritonin 1 and (�)-
epi-heritonin 12 as a 1.5:1 diastereomeric mixture
(Scheme 2), purified by fractional crystallization
(petroleum ether). Isomer 12 was the first to crystal-
lize, while (�)-1 was obtained from the mother
liquors, as described in the literature.3b Spectral data of
1 and 12 perfectly agreed with those reported.3

Demethylation of (�)-1 to (�)-heritol (2) with BCl3 or
BBr3 is well established and can be achieved in 59–81%
yield.3b;d

In conclusion, we described here a new method for the
synthesis of 4-alkyl-b-tetralones and a new route to (�)-
heritonin 1, which constitutes a good alternative to
other described protocols, especially if the easy access of
the b-tetralone intermediate is considered.
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