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Baylis—Hillman adducts and a simple access to some
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Abstract—An efficient one-pot stereoselective synthesis of trisubstituted (E)-2-methylalk-2-enoic acids has been accomplished by
treatment of unactivated Baylis—Hillman adducts, 3-hydroxy-2-methylenealkanoates, with Al-NiCl,-6H,O in methanol at room
temperature followed by hydrolysis. The method has been applied to the synthesis of three important insect pheromones,
(4S,2E)-2,4-dimethyl-2-hexenoic acid, (+)-(S)-manicone and (+)-(.S)-normanicone.

© 2006 Elsevier Ltd. All rights reserved.

The Baylis—Hillman reaction is a versatile carbon-
carbon bond forming reaction, which provides function-
alized adducts.! These adducts have been utilized in
various synthetic transformations and also in stereose-
lective syntheses of several naturally occurring bioactive
compounds.'®? In continuation of our work®®? on
Baylis—Hillmann chemistry, we have recently observed
that treatment of unactivated Baylis—Hillman adducts,
that is, 3-hydroxy-2-methylenealkanoates 1 with
AI-NiCl,,6H,O in methanol at room temperature
followed by hydrolysis with KOH/MeOH produced
the corresponding trisubstituted ( E)-2-methylalk-2-enoic
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R OMe ——M >
rt, 1-2h

R=aryl, alkyl

1

Scheme 1.

acids 3 via formation of the intermediate esters 2
(Scheme 1). The core structure of the acids 3 is present
in various bioactive a-methylcinnamic acids* (for exam-
ple, in LK 903, a hypolipidemic agent) and in several
insect pheromones™® (such as (4S,2E)-2,4-dimethyl-2-
hexenoic acid) (Fig. 1). The present method is a simple
access to these important compounds.

Initially we treated 1a (R = C¢Hs) with various reducing
systems in different solvents under different reaction
conditions (Table 1). AI-NiCl,:6H,0 proved to be best
reducing system at room temperature in methanol
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Table 1. Reaction of 1a (R = C¢Hs) with different reducing systems

OH

(4S,2E)-2,4-dimethyl-2-hexenoic acid

Table 2. Synthesis of trisubstituted (E)-2-methylalk-2-enoic acids 3
using Al-NiCl,-6H,0

Entry Reagent Solvent Time (h) Isolated
Yield(%) Entry R Time (h)*  Isolated yield>>? (%)
a Zn-NH,Cl H,O 18 58 a CeHs 1 88
b Zn-AcOH CH,Cl, 5 41°¢ b 4-MeCeHy 1 84
c In-NH,Cl EtOH-H,O0 (1:1) 9 19% c 4-EtC¢H,4 1.5 83
d Mg MeOH 3 17 d 4-CIC¢H,4 1 81
e Zn—Cu MeOH-H,O (3:1) 4 3gd e 2,4-Cl,C¢Hj3 1 86
f Al-NiCl,;6H,0 MeOH 1 99¢ f 3.4,5-(MeO);CcH, 2 71
g ALNiClL:6H,0 THF 1 98¢ e 4-Ci4HxOCeH, 2 78
h Al-NiCl, MeOH 1 0 h C,H; 2 77
Reaction mixture was refluxed. ! z-PCr H ; ;i
® An unidentified side product was obtained. Jk Z: CjH: 5 N

ede £/7 ratio was 58:42, 60:40, and 100:0, respectively (determined
from '"H NMR spectra of the crude products).

affording 2a in 1 h in a very high yield (99%) and with
complete E-selectivity. THF was also found to be a suit-
able solvent for the reaction. However, as we intended
to hydrolyze the intermediate ester 2a without isolation,
the reaction was carried out in MeOH.

A series of (E)-2-methylalk-2-enoic acids were subse-
quently prepared in one-pot from Baylis—Hillman
adducts, 1 (derived from both aromatic and aliphatic
aldehydes) by treatment with AI-NiCl,-6H»O in metha-
nol at room temperature and hydrolyzing the intermedi-
ate esters with KOH-MeOH (Table 2).” The final
products were purified by crystallization or column
chromatography. The yields of the products were high
(71-88% with respect to the adducts 1) and were formed
solely with (E)-stereoselectivity. The structures and ste-
reochemistries of the products were confirmed from
their spectral (IR, 'H, and '*C NMR and MS) and
microanalytical data.” In the "H NMR spectrum of a tri-
substituted alkene, the B-vinylic protons, cis and trans to
the ester group are known to resonate at ¢ 7.5 and 6.5,
respectively, when R is an aryl group.® The same proton
cis and trans to an ester group appears at ¢ 6.8 and 5.7,
respectively, when R is alkyl.® These values were useful
in determining the stereochemistry of the products.

Al-NiCl,'6H,O was initially used for the reduction of
o,B-unsaturated carbonyl compounds to produce the
corresponding saturated carbonyl compounds.’ The
proposed mechanism involves the interaction of Al with
NiCl, to form Ni(0), which then loses electrons. How-
ever, in the present case, isomerization of the exocyclic
double bond with concomitant loss of C-3-OH took
place. The stereochemistry of the reaction can possibly
be explained?® 43 by considering the transition state

#Time required for reduction of the adduct. The time required for
hydrolysis is 2 h in each case and is not included here.

®The acids were purified by column chromatography using hexane—
EtOAc (4:1) when R =alkyl or by crystallization from hexane—
EtOAc (1:1) when R = aryl.

© All products were characterized by 'H and '>*C NMR, MS, and IR
data.

4 E/Z ratio was 100:0.

models A and B (Fig. 2). Transition state A is more
favored than B- and (E)-products are thus formed
solely.

The present method is useful for the synthesis of (E)-a-
methylcinnamic acids (R = aryl in 3) and insect phero-
mones (R = alkyl in 3). Unmodified adducts can directly
be used for the preparation of these compounds. The
present methodology was also successfully employed
for the synthesis of (4S,2F)-2,4-dimethyl-2-hexenoic
acid 4 (a caste-specific compound of the mandibular
glands of male carpenter ants of the genus Camponotus)?
from the adduct!® 5 derived from (.S)-2-methylbutyral-
dehyde!! (Scheme 2). Adduct 5 was formed as an insep-
arable mixture of syn- and anti-isomers in a 70:30
ratio.!® Reduction of 5 with migration of the double
bond and subsequent elimination of the hydroxyl group

Figure 2.
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would lead to loss of the stereogenic centre at C-3.
Hence, no attempt was made to separate the diastereo-
mers of 5. Acid 4 was subsequently converted into
(+)—(S)-manicone 6 and (+)-(S)-normanicone 7 (the
mandibular gland alarm pheromone substances of the
ants of the genus Manica)® by treating the correspond-
ing acid chlorides with Et,CuLi and Me,CulLi separately
in ether solutlon at —78 °C.'! The optical and spectral
properties ('"H and '3C NMR and MS) of 4, 6, and 7
were in good agreement with those reported carlier.!1-12

Alternative methods for the synthesis of 2-methylalk-2-
enoic acids are the Wittig reaction and the Horner—
Wadsworth—-Emmons reaction. The latter method is an
improved protocol of the former and more advanta-
geous as the phosphate by-product can be extracted into
water.'> 2-Methylalk-2-enoic acids and related com-
pounds including manicone (6) were prepared earlier
employing the Horner—Wadsworth—-Emmons method. !4
However, the required o-branched diethylcarboxylic
methane phosphonates are not commercially available
and the preparation of these compounds involved com-
plex experimental steps.'® The reactions between phos-
phonates and aldehydes required a low temperature
(—60 °C). In the present method for the preparation of
2-methylalk-2-enoic acids, all the reagents were directly
available and the reactions were conducted at room
temperature. Using the Horner—Wadsworth-Emmons
method, the 2-methylalk-2-enoic acids derived from ali-
phatic aldehydes were mixtures of (E)- and (Z)-isomers.
Manicone, prepared by this method, was also obtained
as a mixture of (E)- and (Z)-isomers. In the present
method the products were formed solely as the (E)-iso-
mers. Thus, the present method is superior to classical
alternatives.

In conclusion, we have developed a simple and efficient
method for the synthesis of trisubstituted (E)-2-meth-
ylalk-2-enoic acids from unmodified Baylis—Hillman
adducts by treatment with Al-NiCl,6H,O at room
temperature followed by hydrolysis with KOH-MeOH.
The high yields and excellent stereoselectivity are advan-
tages of this method. The method has successfully been
applied to the synthesis of some important insect
pheromones.

QOH o 1. Al-NiCl,. 6H,0
MeOH, r.t.,2h
. OMe >
“H 2. KOH, MeOH / H,0
rt,10h
5 73%
R,Culi

Et, O
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6 R =Et(84%)
7 R =Me (80%)
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