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ABSTRACT
Ethyl (R)-2-benzyloxy-2-isopropylhydrogenmalonate is a key intermediate for the synthesis of
the side chain in ergopeptines. In this work, we adopted a method to prepare enantiomeri-
cally pure title monoester via immobilized Candida antarctica lipase B (Novozym 435)-
catalyzed hydrolysis of the corresponding diester.
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Ergot alkaloids (EA) are the metabolic products of the
parasitic fungus Claviceps. In early history of EA, they
have caused mass poisoning of animals and humans for
their extensive and powerful pharmacological activities
[1,2]. The structural characteristic of natural EA is the
tetracyclic ergoline ring methylated on nitrogen N-6 and
variously substituted on C-8. Depending on the type of
R substituent on C-8 of the ergoline ring, they can be
divided into four groups: clavine alkaloids and
6,7-secoergolenes, simple lysergic acid derivatives, pep-
tide alkaloids-cyclol ergot alkaloids (CEA), lactam ergot
alkaloids (LEA) [3]. Among them, peptide ergot alkaloids
(ergopeptines) are a predominant class of EA that have
a variety of pharmaceutical activities, such as anti-
cerebrovascular insufficiency [3], prolactin inhibition
[4], anti-parkinsonism [5], treatment of migraine [6],etc.

Actually, ergopeptines are believed to be the most
important natural pharmaceuticals and toxins in
human history [7], which are composed of lysergic
acid and some tripeptides [8]. In the synthesis of
ergopeptides (eg. ergocristine 1), the interesting pep-
tide side chain has been a challenge that remained to
be addressed, while 2 is the key intermediate for the
synthesis of peptide side chain intermediates 3
(Scheme 1). At present, the optical isomer of com-
pound 2 is commonly obtained through tedious che-
mical resolution, using (R)-(+)-pseudoephedrine
hydrochloride [9] or D-(-)-threo-1-(p-nitrophenyl)-
2-amino-1,3-propanediol [10] as a chiral resolving
agent. Alternatively, biocatalysts have proved to be
a powerful tool for the preparation of enantiomeri-
cally enriched compounds, even if the sterically hin-
dered substrates [11,12]. We herein first report

a highly enantioselective approach to obtain 2 by
commercially available enzymes under mild and con-
venient conditions. We planned a chemoenzymatic
route from 4 to 2 (Scheme 2).

Materials and methods

Chemicals

Novozym 435 (lipase B from Candida antarctica,
immobilized on a microporous acrylic resin, 10,000
PLU/g), Lipase AS “Amano” (43,106) from Aspergillus
niger (12,000 U/g), Lipase G (43,109) from Penicillium
camemberti (50,000 U/g), Lipase M (43,110) from
Mucor javanicus (50,000 U/g), Lipozyme RM IM
(43111M) from Rhizomucor miehei (250 IUN/g),
Lipozyme TL IM (43112M) from Thermomyces lanu-
ginosus (250 IUN/g), and Lipase PS (Burkholderia
cepacia lipase, 20 U/mg).

Synthesis of compound diethyl 2-(benzoyloxy)-
2-isopropylmalonate (5)

To a suspension of NaH (4.80 g, 0.120 mmol, 60% oil
dispersion) in anhydrous toluene (150 mL). The mixture
was stirred well and cooled to 15 °C, 4 (20.2 g,
0.100 mmol) was added dropwise. Then the reaction
mixture was stirred at 50 °C for 1 h. After no obvious
bubbles released, the reaction mixture was cooled to
5 °C. A solution of benzoyl peroxide (24.2 g,
0.100 mmol) dissolved in anhydrous toluene (200 mL)
was added dropwise via an addition funnel maintaining
temperature below 10 °C. After the completion of the
addition, the reactionmixture was stirred at 40 °C for 1 h.
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Activated carbon (2.00 g) was added in batches under
ice-bath and then the mixture was stirred at 40 °C for 1 h
and stirred at 20 °C overnight. The reaction mixture was
filtered and the wet cake was washed with toluene and
water, the filtrate was collected together and washed to
neutral with water, the organic phase was dried over
anhydrous sodium sulfate and concentrated. Then the
residue was distilled under reduced pressure at 80 °C, 26
Pa to obtain 29.0 g crude product. The material was
ready for the next step without purification. 1H NMR
(400 MHz, CDCl3): δ 8.10–8.06 (2H, m), 7.57 (1H, t, J
= 7.5Hz), 7.46 (2H, t, J = 7.7 Hz), 4.28 (2H, q, J = 7.1Hz),
2.69–2.56 (1H, m), 1.27 (6H, t, J = 7.1 Hz), 1.2 (6H, d, J
= 6.9 Hz).

Synthesis of compound diethyl 2-hydroxy-
2-isopropylmalonate (6)

5 (14.4 g, 0.045 mmol) was added to 20% sodium
ethoxide solution (16.7 mL) at 35–40 °C and keep
stirring for 8 min at this temperature. The reaction
mixture was cooled to 15 °C, acetic acid (2.88 g,
0.048 mmol) was added to quench the excess sodium
ethoxide, water (100 mL) was added to the mixture and
then the mixture was extracted with petroleum ether
(3 × 50 mL), the organic phase was washed successively
with saturated sodium carbonate and water, dried over
anhydrous sodium sulfate, the solvent was evaporated
under reduced pressure. The residue was distilled under
reduced pressure at 19 Pa, and the fraction of 70–100 °C

was collected as ethyl benzoate and 6. The mixture was
separated by a silica column to give apple-like odor
colorless oil 6 6.4 g, 65.3% yield. 1H NMR (400 MHz,
CDCl3): δ 4.27 (4H, q, J = 5.8 Hz), 2.72–2.58 (1H, m),
3.69 (1H, s), 1.30 (6H, t, J = 7.1 Hz), 0.93 (6H, d, J
= 6.8 Hz).

Synthesis of compound diethyl 2-(benzyloxy)-
2-isopropylmalonate (7)

To a suspension of NaH (0.8 g, 0.033 mol, 60% oil
dispersion) in anhydrous N,N-dimethylformamide
(12.5 mL), then diester 6 (3.4 g, 0.016 mmol) was
added dropwise under ice-bath. When no gas was
generated during the reaction, the reaction mixture
was heated to 70 °C, and benzyl bromide (3.20 g,
0.019 mol) was added dropwise. After that, the mix-
ture was stirred at 75 °C for 2 h. Then ethanol
(2.00 mL) was added and stirred at 75 °C for another
30 min to quench the excess benzyl bromide. The
reaction mixture was neutralized with acetic acid
after cooling to room temperature, diluted with
water (150 mL), then extracted with petroleum ether
(3 × 70 mL), the organic phase was washed succes-
sively with saturated sodium carbonate and water,
dried over anhydrous sodium sulfate, filtrated, and
solvent was removed under reduced pressure. The
crude residue was purified on a silica gel column to
afford the pure 7 as a yellow oil 3.6 g, 80.3% yield and
the purity was 98% by gas chromatography. 1H NMR

Scheme 1. Structures of ergocristine 1, (R)-monoester 2 and important intermediates 3.

Scheme 2. Preparation of 2 via a chemoenzymatic route.
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(400 MHz, CDCl3): δ 7.40 (2H, d, J = 7.3 Hz),
7.36–7.23 (3H, m), 4.75 (2H, s), 4.26 (4H, q, J
= 7.1 Hz), 2.56–2.49 (1H, m), 1.29 (6H, t, J
= 7.1 Hz), 1.05, (6H, d, J = 6.9 Hz).

General procedure for lipase-catalyzed hydrolysis
of diethyl 2-(benzyloxy)-2-isopropylmalonate (7)

7 (0.2 mmol) was dissolved in 0.3 ml co-solvent and
then this solution was added to 0.7 ml phosphate buffer
with 20 mg lipase. The mixtures were continuously
stirred at 20–60 °C for 24 h. After the reactions were
stopped, adjusting the pH to 2.0 with 1 MHCl and then
the mixtures was extracted with ethyl acetate (3 × 2 ml).
The extracts were dried over anhydrous magnesium
sulfate and analyzed by chiral HPLC. 1H NMR
(400 MHz, CDCl3): δ 7.42–7.26 (5H, m), 4.76 (1H, d, J
= 10.9 Hz), 4.57 (1H, d, J = 10.9 Hz), 4.32 (2H, q, J
= 7.2 Hz), 2.56–2.42 (1H, m), 1.32 (3H, t, J = 7.2 Hz),
1.08, (6H, dd, J = 3.3, 6.9 Hz); HRMS (ESI) m/z: [M
+ Na]+ calcd for C15H20O5Na 303.1208, found
303.1203.

High performance liquid chromatography (HPLC)
analysis

The determination of enantiomeric excess (ee) of 2
was performed by chiral HPLC analysis carried out
on a HPLC system equipped with UV wavelength
detector and autosampler, using a Chiralcel IA-3
column (25 × 4.6 mm) thermostated at a temperature
of 40 °C. The mobile phase was a mixture of hexane,
isopropyl alcohol, ethanol and trifluoroacetic acid
(70:15:15:0.1, v/v/v/v) at a flow rate of 1.0 ml/min
and UV detection was performed at 293 nm. The
yield of 2 was measured by using the following equa-
tion: yield (%) = Mp/MS, Mp and MS are the final
mole of 2 and the original mole of the substrate,
respectively. The ee were obtained by the ratio of
peak areas of 2 (A1) and (S)-enantiomer (A2) as
follows: ee (%) = (A1 − A2)/(A1 + A2) × 100.

Results and discussion

7 as enzyme catalyzed substrate was successfully
synthesized from commercially available 4 with
three-step chemical transformations (Scheme 2). We
subsequently focused on the synthesis of 2 by an
enzyme-catalyzed desymmetrization procedure start-
ing from the prochiral ester 7. Various lipases were
employed for this transformation. More importantly,
the use of organic co-solvent has proven to be an
effective strategy to overcome the low solubility of
hydrophobic substrates in an aqueous medium.
Besides, it was reported that enantioselectivity and
catalytic activity of enzymes can be improved by
organic co-solvent which can optimize the properties

of a reaction medium [13–18]. The temperature and
pH are also important parameters affecting enzyme
activity [19]. Therefore, all above mentioned factors
that may affect the enzymatic desymmetrization pro-
cedure were investigated in order to obtain the opti-
mum results.

Synthesis of diethyl 2-(benzyloxy)-
2-isopropylmalonate (7)

For the preparation of 7, commercially available 4
was chosen as starting material, which was oxidated
by dibenzoyl peroxide to give 5. Then the 6 was
obtained by alcoholysis of 5. 7 was synthesized by
the reaction of 6 and benzyl bromide. We found that
the temperature and the content of H2O were the
crucial factor of the synthesis of 5 and 6.

Enzyme screening

After the substrate in hand, we started the enzymatic
hydrolysis study from enzyme screening. The lipases
were used to catalyze the hydrolysis of 7 in phosphate
buffer (0.1 M, pH 8.0), and acetone was used as co-
solvent in experiments. To our delight, these lipases
gave satisfactory results except TL IM and lipases PS
(Table 1). Lipase AS, Lipase G, Lipase M and RM IM
led tomoderate activity. However, Novozym 435 showed
the excellent enantioselectivity and good yield, with
enantiomer being preferentially formed at room tem-
perature. Novozym 435 indeed has a wide range of
applications in biocatalytic organic synthesis [20–22].
Thus, Novozym 435 was consequently used throughout
the further studies.

Choice of organic co-solvent

In order to resolve the poor solubility of prochiral sub-
strate 7 in aqueous medium, organic solvent was used as
co-solvent to improve the dissolubility and dissolution
rate. Besides, the activity and enantioselectivity of
Novozym 435 are also influenced by different organic co-
solvent. Therefore, we examined various organic co-
solvents on the reaction process. As shown in Table 2,
dimethyl sulfoxide (DMSO) gave the best results, so that
DMSO was chosen as co-solvent in the consequent
experiments.

Table 1. Various lipases for hydrolysis of 7.
No. Lipase Yield (%) ee (%)

1 Lipase AS 18 64
2 Lipase G 23 54
3 Lipase M 15 69
4 RM IM 19 61
5 TL IM 10 29
6 Lipase PS 5 6
7 Novozym 435 30 90

Reaction conditions: Novozym 435 15 mg in 0.9 mL phosphate buffer
(0.1 M, pH 8.0), 0.2 mmol 7 in 0.1 mL acetone, 30 °C, 24 h.
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Effect of concentration of co-solvent

Generally, the concentration of co-solvent also has great
influence on the properties of a reaction medium that
can affect the enantioselectivity in the process of hydro-
lysis. Taking into consideration of this, we explored the
effect of co-solvent concentration on yield and ee of 2
(Fig. S1). When the concentration of DMSO was raised
from 10 to 30%, the desired products were obtained with
obviously increased yield and ee. It can be explained by
the more solubility of substrate, the better selectivity and
reactivity of enzyme. However, when the concentration
of DMSO exceeds 30% (v/v), both of selectivity and
reactivity were decreased as DMSO increased. This may
be due to dilute the substrate concentration in the
organic phase, the less contact between substrate and
enzyme in the two-phase system. The highest ee was
obtained when DMSO concentration was 30% (v/v),
indicating that 30% (v/v) of DMSO produced the best
effect on the activity and enantioselectivity.

Effect of reaction temperature

It was generally acknowledged that one of the most
important limiting factors for industrial applications is
the thermal stability of biocatalysts. Fortunately,
Novozym 435 was considered to have considerable ther-
mal stability. Therefore, the temperature we examined in
present work was broadened from 20 to 60 °C. As shown
in Fig. S2, the maximum value of the activity and enan-
tioselectivity were observed at 30 °C and the enzyme was
still very active at this temperature. The excessive high
temperature led to the conformational change of the
active site, which determines the enantioselectivity of
Novozym 435. As shown in Fig. S2, the enantioselectivity
decreased sharply at temperatures exceeding 30 °C, and
30 °C was selected as the optimum temperature by con-
sidering a compromise between yield and ee of 2.

Effect of buffer pH

Similarly, both the activity and enantioselectivity of
enzymes are highly influenced by buffer pH [23,24].
The different buffered solutions in the range of pH

5.0 to 9.0 were selected to investigate the effect of
buffer pH on the catalyzed reaction (Fig. S3). The
results were indicative that Novozym 435 showed
higher activity in the buffered solutions of pH 7.0,
and declined to different extents beyond this range,
indicating that the enzymatic activity was partially
inhibited in acidic and strong basic solutions.
According to the above experiments, pH 7.0 was the
optimum for this hydrolytic reaction.

Effect of substrate concentration and enzyme
loading

In organic solvents, enzymes must have a certain
amount of water to maintain their catalytic activity
[25,26]. During the hydrolysis process, we observed
that the yield and ee value raised with the increase of
enzyme loading, when the enzyme loading was less
than 20 mg. However when the enzyme loading
exceeded 20 mg, both yield and ee value showed
a downward trend (Fig. S4). It may be that as the
enzyme loading increased, the relative water content
required to maintain enzyme activity was reduced,
resulting in a reduced ability of the enzyme to cata-
lyze hydrolysis.

Effect of reaction time

As shown in Fig. S5, The ee value hardly changed,
indicating that lipase had maintained good enantios-
electivity during hydrolysis process. However, the
yield changed regularly with time. The yield increased
rapidly within 3–12 h, and the tendency of transfor-
mation became smoothly after the reaction exceeded
24 h. Therefore, 24 h was the optimum for the enzy-
matic hydrolysis of 7.

Conclusion

In conclusion, chemo-enzymatic strategy is clearly
a useful synthetic tool which found its place in the
synthesis useful intermediates. We have demon-
strated the versatility and efficiency of readily avail-
able lipase Novozym 435 for enantioselective
synthesis of 2, which is the key intermediate for the
synthesis of peptide side chain of ergopeptides. The
present enzyme-catalyzed procedure is very mild
resulting in the desired product in excellent ee and
yield. Specifically, 99% ee and 50% yield could be
reached via Novozym 435 (20 mg) hydrolysis of
0.2 mmol substrate 7 in 1.0 ml phosphate buffer
(pH 7.0)/DMSO (30% (v/v)) solvent system at 30 °C
for 24 h.
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Table 2. Effect of co-solvent on hydrolysis of 7.
No. Co-solvent Yield (%) ee (%)

1 acetonitrile 43 41
2 acetone 45 90
3 ethanol 20 40
4 hexane 42 68
5 DMSO 44 96
6 methanol 41 58
7 isopropyl alcohol 39 92
8 1,4-dioxane 38 53
9 isopropyl ether 48 55
10 t-butyl alcohol 34 69
11 MTBE 48 62

Reaction conditions: 15 mg Novozym 435 in 0.8 ml phosphate buffer
(0.1 M, pH 8.0), 0.2 mmol 7 in 0.2 ml co-solvent, 30°C, 24 h.
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