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Abstract—The Baylis—Hillman reaction of a sesquiterpene lactone parthenin with various aldehydes gave unexpected products con-
taining a 1,3-dioxolane moiety. Both small aliphatic and aromatic aldehydes produced 1,3-dioxolanes, whereas higher aliphatic alde-

hydes produced normal Baylis—Hillman products.
© 2006 Elsevier Ltd. All rights reserved.

The Baylis—Hillman reaction originated from a German
Patent' in 1972 and is regarded as an important method
for carbon-carbon bond formation. During the last
three decades, the procedure has been significantly
advanced as demonstrated by a number of applications
as described in the reviews by Basavaih et al.> and Kim
and Lee.> The Baylis—Hillman reaction essentially
involves the coupling of an activated alkene with an
electrophile in the presence of a catalyst, to give
2-hydroxyalkyl-enones. It has been applied to cyclic en-
ones as well as noncyclic enones, with aldehydes, using
tertiary amines,* tertiary phosphines,® chalcogenides-
TiCl,® and TiCl,” as catalysts leading to a-functionaliza-
tion of a,B-unsaturated enones.

Parthenin 1, the major sesquiterpene lactone of the exo-
tic weed Parthenium hysterophorus L. (compositae), has
a cyclopentenone ring and an o-methylene-y-lactone
moiety. It has been found to be of interest due to its
anticancer,® antibacterial,” antimalarial’® and allelo-
pathic properties.'! It is also reported to be toxic and
cause allergic contact dermatitis in humans and ani-
mals.'? During our attempts to modify the structure of
parthenin by introducing additional functionalities on
the cyclopentenone ring, we explored the Baylis—Hill-
man reaction. In a normal Baylis—Hillman coupling,
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an o-functionalized product la would be expected
(Scheme 1).

A DBU mediated reaction of parthenin 1 with formalde-
hyde (30%, 2 equiv) in THF/H,O (2:1) at room temper-
ature resulted in the formation of three products,'?
which were separated by chromatography and charac-
terized as 2-4 on the basis of their spectral data. Com-
pounds 2 (35%) and 3 (22%), identified as abnormal
Baylis—Hillman products, were formed in major quanti-
ties whereas 4 was isolated as a minor product (13%)
(Scheme 2).

In the "H NMR spectrum of 2, the signals for an o,p-
unsaturated double bond ( 7.60 and 6.13, respectively,
in parthenin) were absent and two additional proton sig-
nals for the dioxolane protons appeared at ¢ 5.01 and
5.12 ('3C NMR signal at 6 94.2). Compound 4, obtained
in low yields, was the anticipated coupling product,

normal Baylis-Hillman product 1a

parthenin 1

Scheme 1.
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HCHO/DBU
THF/H,0

Scheme 2.

3-hydroxymethyl parthenin. In compound 3, besides the
formation of a 1,3-dioxolane moiety, double hydroxy-
methylation at C-3 had also occurred. Under the experi-
mental conditions, it was possible that the reaction of
formaldehyde with 2 via an aldol type addition led to
the formation of 3.

The predominant formation of 1,3-dioxolane products
prompted us to study the reaction of parthenin 1 with
other aldehydes. Therefore, 1 was subjected to Baylis—
Hillman reaction conditions with a series of aliphatic
and aromatic aldehydes. The reactions were effected by
stirring a mixture, comprising three components, that

is, the aldehyde (2 equiv), parthenin 1 and DBU in aqueous
THF at room temperature, and separating the products
formed after 2472 h. The results of these reactions are
summarized in Table 1.

The formation of 1,3-dioxolanes was observed in the
majority of the reactions. The lower chain aliphatic alde-
hydes in general produced more 1,3-dioxolanes, whereas
the higher homologues, for example, butyraldehyde to
heptaldehyde, gave dehydrated Baylis—Hillman prod-
ucts. With lower aliphatic aldehydes the yield of the
atypical product varied between 35% and 60%. Aro-
matic aldehydes including cinnamaldehyde, on the other

Table 1.
Entry Aldehyde Product types Time (h) Yield (%)
CHO
1 24 60/12
CHO
2 24 65/6
Cl
CHO
3 24 65/6
(0]
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Table 1 (continued)
Entry Aldehyde Product types Time (h) Yield (%)

OHC
4 - 2 65/5
OMe
CHO
5 24 65
OMe
MeO
OMe
OMe
CHO
6 24 65
MeO
OMe
MeO
OMe \
o
o=
=
Oy _cHo
7 U 24 70
8 HCHO 72 35/22/13
9 CH;CHO 72 60

(continued on next page)
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Table 1 (continued)

Entry Aldehyde Product types Time (h) Yield (%)
10 C,HsCHO 72 55
11 C;H,CHO 55
12 C4H,CHO 50
13 C¢H3CHO 50

base

base/H+

Scheme 3.

hand, produced 1,3-dioxolanes along with minor
amounts of the normal condensation products. The
yields of 1,3-dioxolanes with aromatic aldehydes varied
between 60% and 70%. All the aromatic aldehydes
underwent further base catalyzed condensation at C-3
to produce arylidene derivatives.

A plausible mechanism for the formation of 1,3-dioxol-
anes is depicted in Scheme 3. The homoallylic tertiary
hydroxyl at C-1 may play a key role. The formation of
oxyanion a in the presence of a base could trigger attack
on the aldehyde and lead to the generation of anion b.
Carbanion b would then undergo cyclization via oxy-
Michael type addition at the B carbon (C-2) to give c,
which would protonate to give products of type 2. A
normal aldol type condensation would lead to products
of type 3.

To the best of our knowledge, the formation of 1,3-di-
oxolanes via Baylis—Hillman reaction of cyclic enones

—— Products

comprising a tertiary hydroxyl group at the y-position
is novel. The formation of acetals (1,3-dioxolanes)
is generally catalyzed by an acid, but in this situation
the formation of the acetal has been triggered by a
base.

The abnormal Baylis—Hillman reaction has an impor-
tant application in the formation of 2-o-hydroxylated
analogues. 1,3-Dioxolane 5 underwent a facile TFA cat-
alyzed cleavage to give 2-a-hydroxylated product 6 in
almost quantitative yield.'* The aliphatic 1,3-dioxolane
2, on the other hand, produced the parent molecule on
acid catalyzed cleavage (Scheme 4).

In conclusion, we have established the formation of
novel 1,3-dioxolanes, that is, 1,2-(2-aryl substituted-1,
3-dioxolanes), during DBU-catalyzed Baylis—Hillman
coupling of the sesquiterpene lactone parthenin with
aromatic and aliphatic aldehydes wherein a suitably
placed hydroxyl group facilitates the reaction. The 1,3-
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Cl

Scheme 4.

dioxolanes may also be easily converted to 2-a-hydroxy
derivatives, which are otherwise difficult to obtain.
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12.
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13. A representative experimental procedure for the prepara-

tion of compounds 2-4. A mixture of parthenin 1 (1g,
3.8 mmol), 30% aqueous formaldehyde (0.8 ml, 8§ mmol),
2 ml of THF and DBU (60 mg, 0.39 mmol) was stirred at
room temperature. After 72 h, the mixture was acidified by
dropwise addition of 1.5 N aqueous HCI. Extraction with
methylene chloride, washing with water, removal of the
solvent and chromatography of the crude product on a
silica gel column using chloroform/acetone (99:1 to 95:5)
as eluant gave 2 (yield 35%), 3 (yield 22%) and 4 (yield
13%) all as white powders. Compound 2: [o]p —131 (¢ 1.0
CHCl5). Mp 184 °C. '"H NMR (200 MHz, CDCl): 8 6.26
(d, J=2.5Hz, 1H, H,-13), 5.61 (d, J=2.5Hz, 1H, Hy-
13), 5.12 and 5.01 (2xs, 2H, O-CH,-0O), 4.87 (d,
J=8Hz, 1H, H-6), 4.85 (t, J=5.4 Hz, 1H, H-2), 3.23
(d, J=6.7Hz, 1H, H,-3), 3.10 (d, /= 6.7 Hz, 1H, H,-3),
2.86 (m, 1H, H-7), 1.66-2.38 (m, SHQ, 1.31 (s, 3H, H-15);
1.20 (d, J=7.6Hz, 3H, H-14). °C NMR (50 MHz,
CDCly): 6 213.4, 170.0, 140.5, 122.0, 94.2, 94.0, 78.7, 75.5,
59.8, 44.6, 39.4, 34.3,29.5, 27.7, 17.3, 16.5. Anal. Calcd for
Ci6H200s: C, 65.74; H, 6.90. Found: C, 65.65; H, 7.01.
ESI-MS (m/z): 292. Compound 3: [«]p —13 (¢ 1.0 CHCl;).
Mp 151°C. 'H NMR (200 MHz, CDCl;): & 6.26 (d,
J=2Hz, 1H, H,-13), 5.61 (d, /=2 Hz, 1H, Hy-13), 5.16
and 5.11 (2 x s, 2H, O-CH,-0), 4.99 (s, 1H, H-2), 4.81 (d,
J =8 Hz, 1H, H-6), 3.84 and 4.01 (2 x d, 2H, J = 11.2 Hz,
—-CH,OH), 3.66 and 3.75 (2xd, 2H, J=12Hz,
-CH,OH), 2.44 (m, 1H, H-7), 1.69-2.22 (m, 5H), 1.31 (s,
3H, H-15), 1.23 (d, J=7.6 Hz, 3H, H-14). >*C NMR
(50 MHz, CDCl3): ¢ 217.5, 170.2, 140.2, 122.3, 94.9, 93.8,
81.4,79.1,66.2,64.7,59.2, 57.3,44.8, 32.0, 29.1, 27.8, 17.2,
16.0. Anal. Calcd for C3H,407: C, 61.35; H, 6.86. Found:
C, 61.41; H, 6.77. ESI-MS (m/z): 352. Compound 4: [«]p
—24.3 (¢ 1.0 CHCl3). Mp 218°C. '"H NMR (200 MHz,
CDCl;): 6 7.34 (s, 1H, H-2), 6.22 (d, J=2.5Hz, 1H,
H,-13), 5.70 (d, J = 2.5 Hz, 1H, Hy-13), 4.98 (d, J = 8 Hz,
1H, H-6), 4.24 (s, 2H, -CH,OH), 2.29 (m, 1H, H-7),
1.90-1.60 (m, 5H), 1.25 (s, 3H, H-15), 1.11 (d, J = 7.5 Hz,
3H, H-14). 3C NMR (50 MHz, CDCl5): § 210.9, 171.9,
157.4, 142.9, 140.4, 122.1, 83.8, 82.2, 60.01, 56.0, 44.1,
40.2, 29.6, 28.2, 18.0, 16.9. Anal. Calcd for C;¢H,0Os: C,
65.74; H, 6.90. Found: C, 65.67; H, 6.99. ESI-MS (m/z):
292.
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14. A solution of compound 5 (0.524 g, 1 mmol) in 5ml

TFA/H,0 (1:1.5) was stirred at 55 °C for 10 h. Extraction
with methylene chloride, work-up and chromatography
of the crude product on silica gel column using chloro-
form/acetone (99:1 to 92:8) as eluant gave 6 (yield 90%)
as a white powder. Compound 6: [¢]p +17.8 (¢ 1.0
CHCl5). Mp 123 °C. '"H NMR (200 MHz, CDCl5): § 7.66
(d, J=28.5Hz, 2Ha1om), 7.61 (d, J=2.5Hz, 1H, -CH),
7.39 (d, J=8.5Hz, 2Huom), 6.28 (d, J=2.5Hz, 1H,

H,-13), 5.61 (d, J=2.5Hz, 1H, Hy-13), 547 (s, 1H,
H-2), 5.04 (d, J=8Hz, 1H, H-6), 2.29 (m, 1H, H-7),
1.90-1.60 (m, SH), 1.25 (s, 3H, H-15), 1.15 (d, J=
7.1Hz, 3H, H-14). '*C NMR (50 MHz, CDCls): &
205.5, 171.9, 141.9, 138.9, 136.5, 134.1, 133.0, 133.0,
129.5, 129.5, 128.1, 122.4, 82.8, 80.0, 70.9, 58.6, 45.2,
37.2, 30.4, 28.2, 17.2, 15.4. Anal. Calcd for Cy,H,3ClOs:
C, 65.59; H, 5.75. Found: C, 65.67; H, 5.68. ESI-MS (m/z):
402.
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