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Abstract—A mild synthesis of ethyl 6-(2-hydroxypheny!)-2-carbethoxy-4-hexenoates (4) {SnCl,-promoted
o-specific alkylation of potassium phenolates 1 with diethyl vinylcyclopropane-1.1-dicarboxylates 2)
mnvolves an oriented hexacoordinated substratc-reagent complex 3, accounting for both o-specific attack
on the phenol, and 1,7-homoconjugate addition to the vinyleyclopropane.

In recent years, the chemistry of electrophilic vinyl-
cyclopropanes 2 has received great attention. When
2 are allowed to react with a number of nucleophiles
such as malonate anion, amines and thiolates, a series
of compounds is produced arising from 1,5- or
1,7-attack modes depending upon solvent, catalyst
and reaction conditions.’

Although much interest has concentrated on an-
ionic and carbanionic addition to these reagents,’
there are only scant reports® dealing with the use of
compounds 2 as C-alkylating agents in
Friedel-Crafts type reactions.

Recently we have reported that under unusual
Friedel-Crafts conditions, alkali and alkali earth
phenoxides undergo electrophilic aromatic substi-

tution with several reagents to give o-specific attack to
thephenolring.*

We show here that diethyl vinylcyclopropane-1,1-
dicarboxylates (2) are valuable electrophiles in regio-
and stereocontrolled alkylation of metal phenolates 1
leading to ethyl 6-(2-hydroxyphenyl)-2-carbethoxy-4-
hexenoates {4) via o-specific attack on the phenol ring
with exclusive 1,7-homoconjugate addition to vinyl-
cyclopropanederivatives 2,

Treatment of potassium phenoxides 1 with 2 in the
presence of a stoichiometric amount of tin tet-
rachloride in toluene at 80" for 10h, gave the ethyl
6-(2-hydroxyphenyl)-2-carbethoxy-4-hexenoates  (4)
in 25-50%, isolated yields.

The reaction proceeds preferentially (> 85%) at
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the o-position, entirely by I,7-homoconjugated addi-
tion mechanism. Side products (ca 15%) are due to
p-attack.

Representative compounds (4a-j) were prepared
by this method employing a variety of potassium
phenolates and vinyl cyclopropane 1,1-dicarboxy-
lates. In all cases the regioisomer was shown to be
that represented by general formula 4.

For compound 4 two geometric isomers are possi-
ble. Values of the coupling constants for the olefinic
protons (J = 15.0 Hz) and homonuclear Overhauser
effect measurements proved their exclusive E
configuration.

Synthetic data are summarized in Table 1.
Significant  spectroscopic data of all ethyl
6-(2-hydroxyphenyl)-2-carbethoxy-4-hexenoates (4)
are collected in Table 2. The structure of all the
foregoing products were especially supported by their
'H NMR spectra. For derivatives 4 the proton spec-
tra reveal two methylene signals at & 2.6 (triplet) and
& 3.2 doublet in 4a-h or singlet in 4i,j), and one
methine signal at § 3.4 (triplet).

The potassium salt of phenol was the most efficient
in this reaction giving moderate to good yield and
high selectivity of compounds 4. Lithium, sodium
and magnesium salts as well as Lewis acids other than
tin tetrachloride gave little or no atkylation products.
Furthermore, electron-withdrawing substituents re-
duce the reactivity on the phenol and no reaction was
observed with p-acetylphenol or nitrophenols.

As far as the reaction mechanism is concerned, at
present it is not possible to provide a complete
rationale for the results described herein. We would
suggest, however, that an oriented complex such as 3,
in which the acid metal ion coordinates oxygen atoms
of both reactants, plays a crucial directional role in
the o-specific attack as well as in the 1,7-cyclopropane
ring opening mode. The formation of 4 could proceed
through the hexacoordinate adduct® 3 in which the
vinyl group is placed in a proximity position favour-
able for o-specific process and facilitating the attack at
the less hindered double bond terminal position.
Evidence in support of this hypothesis comes from
the observation that while main o-alkylated products
only exist as one trans-diastereoisomer, p-alkylated
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by-products are a mixture of two isomers due to
random 1,7- and 1,5-electrophilic attacks.

In conclusion we have shown here a facile
metal-driven  synthesis of ethyl 6-(2-hydroxy-
phenyl)-2-carbethoxy-4-hexenoates (4) via Lewis
acid-promoted o-specific alkylation of potassium
phenolates (1) with diethyl vinylcyclopropane-1,1-
dicarboxylates (2). Compounds 4 are useful phenolic
intermediates which can be, for example, smoothly
and quantitatively converted into the corresponding
6-(2-hydroxyphenyl)-hexanoic acids by hydro-
genation (C/Pd, H,) and subsequent decarboxylation
(a mixture of acetic and sulfuric acids, 9:1-v:v, at 80°
for 5 h). Compounds 4 are also congeners of a variety
of natural products, many of which display pro-
nounced biological activity, as mycophenolic acid,’
anacaqrdic acids® and some components of the uru-
shiol.

EXPERIMENTAL

General. All chemicals were reagent grade and were used
without further purification. IR spectra (film) were recorded
on a Perkin-Elmer 298 spectrometer. UV spectra for solu-
tions in 95% ethanol were measured using a Jasco-UVIDEC
505 spectrometer. 'H NMR spectra were obtained with
Varian EM-360 or XL-100 instruments. Chemical shifts are
expressed in ppm with respect to internal TMS. Mass spectra
were determined on a Varian MAT CHS spectrometer using
direct insertion probe (70 eV). TLC experiments were carried
out on Merck silica gel GF,,, plates using hexane/ethyl
acetate mixtures as eluent.

Diethyl 2-vinylcyclopropane-1,1-dicarboxylates (2) were
synthesized from 1,4-dibromo-2-butene and sodium diethyl-
malonate following the reported procedure.'

Ethyl 6-(2-hydroxyphenyl)-2-carbethoxy -4-hexenoate (4m).
Typical procedure

To a suspension of potassium phenolate (1a) [prepared in
situ from phenol (0.94 g, 10 mmol) and potassium pellets
(0.39 g. 10 mmol) in anhydrous toluenc (50 m!)] a solution of
tin(IV) chloride (2.60g. 10 mmol) in toluene (10 ml) was
added under stirring at room temperature. The slurry was
heated under reflux with stirring for 15 min, while a stream
of dry nitrogen was passed. The resulting yellow suspension
was cooled to 80° and a solution of diethyl
2-vinylcyclopropanc-1,1-dicarboxylate (2.12 g, 10 mmol) in
toluene (10 ml) was added dropwise during 3 h, then the

Table 1. Preparation of ethyl 6-(2-hydroxyphenyl)-2-carbethoxy-4-hexenoates 4a-j

Molecular formula

2 3 b S a 16
Product rR!' R? R R R yield (W) g P
QR H H H H H 25 (85) 1.5098 C17H2205 (306.35
.37
Qk C}{3 H H H H 33 (88) 1.5100 C18H2405 (320.3
.37
%g H H CH3 H H 38 (90) 1.5095 C18H24°5 {320.3
K CHy H  CHy H H 30 (91)c 1.5100 CygH260 (334.40}
4& H Cl H H H 28 (80) 1.5200 C17H21C105(340.84)
7
é{ H H OCH3 H H 42 (94) 1.5105 C18H2406 (336.2
eg H H -(CH-CH)z- H 50 (90) 1.5627 c21H24°5 {356.40)
Qn H -0CH20- H H 45 (90) 1.5200 C18H2207 (350.36)
.37
% H H H H CH 29 (86) 1.5143 CyaM74% (320.37)
él H H CH3 H CH3 32 (89) 1.512C c19H2605 (334.40)
aIsolnced yleld based on total amouot of starting phenol. values in parenthesis refer to yields

based upon unrecovered starting phenol, not optimized.

bCorrect elemental analyses obtained for all prepared compounds.

sy of ethyl 6-(2-hydroxy-6-chlorophenyl)-2-carbethoxy-4-hexencate also formed (by TLC analysis).
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resulting mixture was stirred at 80” for 10 h. After cooling to
room temperature, the reaction mixture was quenched with
an excess of an aqueous amonium chloride solution and
extracted with diethyl ether (3 x 50ml). After drying
(Na,SO,) the ether was evaporated and 4a was separated
from the residue by chromatography on silica gel using
hexane/ethyl acetate 85:15 (v:v): yield 0.766 g (25%; 85%
based on unrecovered phenol); colourless liquid, np'® 1.5098.

Compounds 4b-j in Table 1 were prepared in similar way.

Because of the great instability of compounds 4 under
heating, bps are not reported here.
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