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a b s t r a c t

The conjugate addition on a natural bioactive pseudoguaianolide sesquiterpene lactone parthenin with
various Grignard reagents leads to 13-C alkylated products chemo and diastereoselectively in fair overall
yields. Compared with other Grignard reagents vinyl and smaller straight chain alkyl Grignard reagents
gave better yields.

� 2013 Elsevier Ltd. All rights reserved.
Organometallic reagents provide one of the most important syn- Cu(I)I and (R)-BINOL mediated Grignard reactions of parthenin
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thetic routes to construct C–C bond in organic chemistry.1–3 These
reagents undergo addition reaction with a range of active amides,
esters, thioesters, anhydrides,4 acid chlorides5 and a,b-unsaturated
carbonyl derivatives.6 The conjugate addition (1,4 addition) of
organocopper reagents and copper(I) mediated Grignard reagents
to a,b-unsaturated carbonyl derivatives is another fundamental
operation in the construction of carbon–carbon bonds.7 These addi-
tion reactions give enantioselective and regioselective products in
the presence of chiral ligands.8Parthenin (Fig. 1) is a pseudoguaiano-
lide sesquiterpene lactone which occurs in an exotic noxious
proliferating weed Parthenium hysterophorus Linn (Compositae).
The molecule has a central seven-membered saturated carbocyclic
ring (B) which was fused to two essentially planar five membered
rings-one is a carbocyclic cyclopentenone ring and the other is a
heterocyclic a-methylene c-lactone moiety (C).

The compound possesses significant anticancer,9 antibacte-
rial,10 antifungal,11 antimalarial,12 anti-HCV,13 allelopathic proper-
ties,14 herbicides, antifeedant, insecticides, nematicides15 and
amoebicides.16

In continuation of our work on chemical transformation of par-
thenin herein, we report a chemo and diastereoselective conjugate
addition of Grignard reagents with exocyclic double bond of par-
thenin (Scheme 1), which could efficiently proceed with Cu(I)I as
catalyst and (R)-BINOL as ligand.
ll rights reserved.
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with vinyl magnesium bromide in dry toluene at �78 �C afforded the
formation of b-oriented product, which was isolated by column chro-
matography and characterized as 3a on the basis of its spectral data.

Compound 3a was obtained as a viscous material. Its molecular
formula was determined to be C17H22O4 from elemental analysis,
and MS showed a peak at m/z 313[M+Na]. The structure of
O O
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Table 1
Effect of temperature on the synthesis of b-alkylated parthenin derivatives

Entrya Amount of Cu(I)I
(mol %)

Temperature
(�C)

Yieldb

(%)
dr def

1 10 0 41 74:26 48
2 20 0 46 75:25 50
3 10 �20 55 78:22 56
4 20 �20 56 80:20 60
5 10 �40 69 85:15 70
6 20 �40 72 86:14 72
7 10 �78 83 96:4 92
8 20 �78 84 95:5 90
9c 10 �78 86 60:40 20
10d 10 �78 77 86:14 72
11e 10 �78 80 95:5 90

a Reaction conditions Cu(I)I (as mentioned in column 2), BINOL (10 mol %,
0.028 g), vinyl magnesium bromide (0.458 mmol, 0.0595 g in THF), parthenin
(0.100 g, 0.382 mmol in THF solution); reaction performed for 4 h in dry toluene
(5 mL).

b Isolated yields after purification.
c The reaction conducted in the absence of (R)-BINOL.
d The reaction conducted with (S)-BINOL.
e Reaction performed with NEt3.
f Determined by HPLC.
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compound 3 was established from its IR and NMR studies includ-
ing 2D experiment. In the 1H NMR spectrum, the signals for
H2–13 were absent and two additional proton signals for allylic
Table 2
Synthesis of b-alkylated parthenin derivatives

Entrya Grignard reagents (2) Productb(3)
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protons appeared at 5.87–5.73 (1H, m) and 5.19–5.09 (2H, m).
The 1H NMR and 13C NMR data were assigned from COSY, HSQC
and HMBC experiments allowing the identification of vinylic moi-
ety attached at C-13 carbon. The DQF-COSY spectrum showed a
correlation between H-12 and H-6. The HMBC experiment also
showed that H-13 protons were correlated to the vinyl group con-
firming the placement of the vinyl group attached at C-13. In the
NOESY experiment, Me-14 and Me-15 were correlated but they
were not related to H-12 which was related to H-6, H-7. These cor-
relations suggested b-orientation of Me-14, Me-15 and CH2-13.
Thus the structure of the product clearly settled as 13-carbon, b-
oriented alkylated product of parthenin.

We first studied a reaction between parthenin (Fig 1) and vinyl
Grignard reagent by screening the reaction conditions. In order to
determine optimum conditions, we examined the influence of the
reaction temperature, the reaction time and the amount of catalyst.
The effect of temperature on the yields of products was studied by
performing the conjugate addition reaction at 0 �C, �40 �C and
�78 �C respectively (entries 2, 5, 7). The results show that lower
the temperature, the more selectively the reaction could proceed
without formation of any side products. Further the yield and
selectivity could not be improved by the addition of Lewis base,
only slight excess of Grignard reagents was required to deproto-
nate the BINOL. In all the reactions, the conditions were optimized
for 95% conversion. It could be seen that the best result was
Time(h) Yieldc (%) dr ded

4 83 96:4 92

4 84 93:7 86

4 81 91:9 82

5 65 84:16 68

4 69 89:11 78

6 61 77:23 54

5 77 84:16 68

(continued on next page)



Table 2 (continued)

Entrya Grignard reagents (2) Productb(3) Time(h) Yieldc (%) dr ded

h

Mg
Br

MeO

MeO

OMe O
O

O

HO MeO OMe

OMe
5 79 87:13 74

i

Mg Br

O
O

O

HO

5 71 74:26 48

a Reaction conditions Cu(I)I (10 mol %, 0.019 g), (R)-BINOL (10 mol %, 0.028 g), vinyl magnesium bromide (0.458 mmol, 0.0595 g in THF), parthenin (0.100 g, 0. 382 mmol in
THF solution); reaction performed for 4 h at �78 �C in dry toluene (5 mL).

b The structures of the products were established from their spectral (IR,1H and 13C NMR, ESI-MS) data.
c Isolated yields after purification.
d Determined by HPLC.
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obtained with 10 mol % of Cu(I)I and 10 mol % of (R)-BINOL at
�78 �C (Table 1). In the absence of (R)-BINOL, a mixture of products
(2:1) was obtained which could not be easily separated by column
chromatography, while the conjugate addition of ethenyl magne-
sium bromide reagent can also be performed with (S)-BINOL lead-
ing to the a-isomer product with 72% de. However, here we were
reporting the reactions only with (R)-BINOL.

After optimizing the conditions, we next checked the generality.
Several commonly used Grignard reagents were screened (Table 2).
It was observed that short chain alkyl Grignard reagent achieved
higher yield than long chain alkyl Grignard reagents. As a general
trend, branched aliphatic alkyl Grignard reagents gave lower yields
compared to linear alkyl Grignard reagents. The vinyl, allyl and aryl
Grignard reagents underwent additions smoothly and gave good
yield at �78 �C.

On the basis of current information the possible mechanism for
alkylation of Grignard reagents with parthenin is shown in
Scheme 2.17
Alkyl Grignard reagents in the presence of Cu(I)I and BINOL
form a complex, this complex interacts with a-methylene and
oxygen atom of c-lactone from bottom face to form a p-complex,
the p-complex undergoes intramolecular rearrangement to form a
Cu(III) complex, where Cu(III) forms a r-bond with b-carbon of
a-methylene c-lactone moiety which enhances the stereopreference
of enolate quenching and leads to an enolate, this enolate was
quenched by proton which was approaching from bottom face
to give b-isomer as exclusively major product (3a). Although both
endocyclic and exocyclic bonds are active towards nucleophilic
addition, polar conjugate addition takes place selectively across
the exocyclic double bond possibly due to more steric-hindrance
at endocyclic double bond and sterically unhindered exocyclic
double bond. Due to these reasons the addition takes place exclu-
sively at exocyclic double bond. In the absence of ligand the
nucleophile approaches both orientation of exocyclic double
bond which would be leading to a mixture of products (Table 1,
entry 9).18
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In conclusion, we have established an efficient C–C coupling at
b-position of a-methylene c-lactone moiety of parthenin with ali-
phatic, aromatic, vinyl and allyl Grignard reagents using Cu(1)I and
(R)-BINOL as simple catalyst system without protecting the alcohol
moiety.
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59.4, 44.9, 42.0, 40.2, 30.1, 29.0, 27.8, 17.6, 18.5, 17.1; ESIMS: m/z 450 [M+H]+.
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