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Abstract—A novel protocol for the generation of B-branched Baylis—Hillman adducts in moderate yields (52-68%) as E/Z mixtures
from commercially available dienoates such as ethyl sorbate and aryl aldehydes catalyzed by DABCO in DMSO is reported.

© 2005 Elsevier Ltd. All rights reserved.

The construction of C—-C bonds is an important task in
the field of synthetic organic chemistry.! The Baylis—
Hillman reaction is recognized as a versatile and eco-
nomically favourable C-C bond forming reaction for
generating multifunctional adducts? as useful synthons.3
Because synthesis of multi-functionalized alkenes is an
important goal in organic chemistry,* Lewis acid cata-
lyzed B-halo Baylis—Hillman adducts® gained promi-
nence and were synthesized from propargylic acids or
ketones and aldehydes, but less importance has been at-
tached to B,B-disubstituted® or B-branched adducts. As
part of our continued interest in the Baylis—Hillman
reaction,” herein we describe a practical protocol for
the preparation of B-branched adducts for the first time
using the commercially available dienoate, ethyl sorbate,
as a Michael acceptor and various aldehydes in the
presence of DABCO in DMSO at room temperature

(Eq. 1).
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To optimize the reaction conditions, 1a was treated with
2 in DMSO, sulfolane, 1,4-dioxane/H,O (1:1), dimethyl-
formamide, tetrahydrofuran, and in the presence of a
variety of bases such as DABCO, DBU, DMAP, Et;N
and N-ethyl diisopropylamine. The optimum results
were obtained when the reaction was conducted in
DMSO and catalyzed by DABCO to afford adduct 3a
(65%) at ambient temperature in 72 h. The adduct 3a
was isolated as an E/Z mixture presumably because of
free rotation prior to elimination of DABCO in the
product-forming step. The scope of this reaction was
extended when aryl aldehydes 1b-h were reacted with
2 under optimized reaction conditions to afford adducts
3b-h, respectively, in moderate yields (Table 1).® The
yields of all the products are reported as the combined
yield of both geometrical isomers. However, an attempt
to extrapolate the protocol to less reactive aldehydes
was not fruitful.
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Table 1. Baylis-Hillman reaction of various aryl aldehydes with ethyl sorbate catalyzed by DABCO in DMSO at room temperature®

Entry Aldehyde Product® Yield® E,E/E,ZY
1 OZNOCHO 3a 65 65/35
Cl CHO
2 3b 68 70/30
cl
3 @CHC 3¢ 66 70/30
CHO
4 3d 61 65/35
5 C1OCH0 3 64 70/30
6 F@CHO 3f 54 70/30
7 Ph@CHo 3g 52 70/30
8 NCOCHO 3h 65 70/30

# All the reactions were conducted as described in the general experimental procedure in the reference section.

® All the products were thoroughly characterized from their spectral data.

“Isolated yields are for the mixture of geometrical isomers.
4 E,E/E,Z ratio was determined based on the 'H NMR spectra.

The major product was unambiguously proved to be an
E, E-isomer from NMR studies. In all cases, the olefinic
proton signals for E,Z and E,F isomers were clearly dis-
tinguishable in their "H NMR spectra, with all the ole-
finic protons for the E,E-isomer resonating relatively
downfield compared with the E,Z-isomer.” The geome-
try of the diene system was proved conclusively using
separated pure isomers. For instance, the major isomer
of 3a was proved to be E,E based on a strong NOE be-
tween the benzylic proton and H,, as well as between Hp
and Hs which means that the propenyl chain and the o-
hydroxy benzyl moiety are in a cis-orientation (Fig. 1).
The minor isomer did not show these effects. However,
the separation of the E/Z mixtures present in all the ad-
ducts by chromatography was not an easy task. Hence,
the major isomer in all other adduct mixtures were as-
signed as E,E by analogy and the ratios were determined
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Figure 1. Diagramatic representation of the NOEs of compound 3a.

by the relative integration of the clearly distinguishable
protons.

Additionally, the point of attachment was proved unam-
biguously by a chemical method (Scheme 1). Thus, 3a
and 3b were subjected to exhaustive reduction (Pd—C/
H,/EtOAc/rt) to afford two sets of separable diastereo-
mers 4a, 4b (84%, 1:1) and Sa, 5b (81%, 1:1), respectively,
in good yields. "H NMR analysis of each compound re-
vealed that in 4a, H, appeared at ¢ 2.60 and the benzylic
proton at § 4.73 integrating for one proton each; while
the same protons appeared at 6 2.62 and at 6 4.62 for
compound 4b.'° Similarly, the "H NMR spectrum of
5a revealed the H,, proton at § 2.78 and the benzylic pro-
ton at ¢ 5.32; correspondingly, its diastereomer Sb
showed the same protons at ¢ 2.80 and ¢ 5.20, respec-
tively.'® Though these experiments do not predict the ini-
tial site of attack of DABCO onto the dienoate,
nevertheless they unambiguously prove the site of aldol
reaction of the dienoate (a-carbon) and the aldehydes.
Subsequent elimination of DABCO regenerates the ole-
fin to afford B-branched Baylis—Hillman adducts.

In summary, an efficient yet simple protocol for ready
access to P-branched Baylis—Hillman adducts using
ethyl sorbate as the Michael acceptor is reported for
the first time. The resulting adducts may find broad util-
ity in the synthesis of bioactive compounds.
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(d, 1H, J=7.4 Hz, -OH), 1.90 (d, 3H, J= 7.4 Hz, CH3),
1.31 (t, 3H, J = 7.4 Hz, CH3); Compound 3b: light yellow
syrup; E,E-Isomer: '"H NMR (200 MHz, CDCl;, TMS): ¢
7.58 (d, 1H, J = 8.8 Hz, Ar-H), 7.30-7.25 (m, 2H, Ar-H),
7.18 (d, 1H, J=114Hz, Hp), 6.63 (dist. t, 1H
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H,), 6.00 (m, 1H, Hy;), 5.80 (d, 1H, J=4.5 Hz, benzylic),
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Compound 4a: yellow syrup; '"H NMR (300 MHz, CDCl;,
TMS): 6 7.10 (d, 2H, J=9.06 Hz), 6.60 (d, 2H,
J=8.30Hz), 4.73 (d, 1H, J=6.04 Hz), 4.05 (q, 2H,
J=1.5, 14.35Hz), 2.60 (dt, 1H, J=6.04, 8.3 Hz), 1.40-
1.05 (m, 9H), 0.85 (t, 3H, J = 6.7 Hz); '>*C NMR (75 MHz,
CDCl;, TMS): 6 167.0, 145.5, 128.0, 126.0, 115.0, 71.0,
61.2, 50.5, 29.5, 29.2, 22.1, 14.0, 13.4; Compound 4b:
yellow syrup; '"H NMR (300 MHz, CDCls, TMS): 6 7.10
(d, 2H, J=9.06 Hz), 6.60 (d, 2H, J=8.30 Hz), 4.62 (d,
1H, J=8.3 Hz), 4.15(q, 2H, J = 6.79, 14.35 Hz), 2.62 (dt,
1H, J=3.77, 7.55Hz), 1.40-1.05 (m, 9H), 0.85 (t, 3H,
J=6.7Hz); *C NMR (75 MHz, CDCls, TMS): § 167.0,
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145.0, 128.5, 125.8, 115.2, 70.5, 61.2, 50.0, 29.5, 28.8, 21.8,
13.9, 13.2; Compound 5a: light yellow syrup; '"H NMR
(200 MHz, CDCls, TMS): 6 7.60 (d, 1H, J = 8.17 Hz), 7.3
(m, 2H), 5.32 (br s, 1H), 420 (m, 2H), 3.48 (d, 1H,
J = 1.48 Hz, -OH), 2.78 (dt, 1H, J = 6.04, 9.06 Hz), 1.44—
1.00 (m, 9H), 0.90 (t, 3H, J=6.68 Hz); '*C NMR
(75 MHz, CDCl5, TMS): & 168.0, 133.8, 131.8, 129.5,
129.2, 127.2, 126.8, 70.0, 61.0, 50.0, 29.4, 29.0, 22.0, 14.0,

13.5; Compound 5b: light yellow syrup; 'H NMR
(200 MHz, CDCl3, TMS): 6 7.60 (d, 1H, J=28.17 Hz),
7.30 (m, 2H), 5.20 (br s, 1H), 4.20 (m, 2H), 3.48 (d, 1H,
J=1.48 Hz, -OH), 2.80 (dt, 1H, J = 3.71, 6.68 Hz), 1.44—
1.00 (m, 9H), 0.90 (t, 3H, J=6.68 Hz); *C NMR
(75 MHz, CDCl;, TMS): ¢ 168.0, 133.8, 132.6, 129.0,
128.5, 127.0, 126.4, 71.0, 61.0, 50.5, 29.6, 29.0, 22.0, 14.0,
13.5.
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