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A series of piplartine derivatives were synthesized via Baylis–Hillman reaction and
evaluated for anticancer and antibacterial activities. The cytotoxicity of these
compounds was examined in two different human tumor cell lines, IMR-32 and HeLa.
The antibacterial activity was examined in Staphylococcus aureus and Pseudomonas
aeruginosa. The results showed that compounds 2b, 2e, and 2j were found to be the
most active compounds, which displayed line no cytotoxicity, but G2–M cell cycle
arrest in tumor cells, and showed cytostatic effects in bacteria.

Keywords: Piper chaba; piplartine; piplartine derivatives; anticancer activity;
antibacterial activity

1. Introduction

Cancer is one of the most serious threats

against human health in the world [1].

Over the past few decades, extensive

research has led to the development of a

plethora of chemotherapeutic agents [2,3].

The limitations of current anticancer drugs

and rapid development of drug resistance

[4–6] have highlighted the need for the

discovery of new anticancer agents,

preferably with novel mechanisms of

action. To identify new chemical entities

for a more effective treatment of cancer,

drug designers can follow many strategies,

but the crucial decision is always the

selection of a suitable starting point from

the vast chemical space [7].

In this respect, natural products

evolved as privileged structures [8] and

biologically prevalidated leads; in other

words, as molecules that have probably

evolved evolutionarily to exert highly

specialized functions. About 74% of

anticancer compounds are from both

natural and natural product-derived pro-

ducts, indicating potency of these scaf-

folds [2,3]. The unprecedented structures

of these molecules make them excellent

synthetic targets, and their potent activity

against a broad number of therapeutic

indications makes these natural products

as excellent drug lead candidates for new

therapeutics. Piper species (Piperaceae)

are important plants in traditional medi-

cine [9]. The alkaloid–amide components

isolated from Piper species show varied

cellular effects such as anti-inflammatory,

anticancer, and cytotoxic effects, however,

through unidentified cellular mechanism

[10,11]. In connection with recent inves-

tigations of Piper species for value-added

products [12,13], we have isolated large

quantities of piplartine (1) (2%) from

Piper chaba, which prompted us to

synthesize derivatives and screen the

anticancer activity.
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In this study, several derivatives of

piplartine were synthesized by Baylis–

Hillman reaction and examined for antic-

ancer activity using human neuroblastoma

and cervical cancer cell lines and for

antibacterial activity using Staphylococcus

aureus and Pseudomonas aeruginosa. The

rationale to study both anticancer and

antibacterial activities with two different

cells and bacteria was to examine the unique

feature of piplartine for cytostatic property.

2. Results and discussion

The basic skeleton of piplartine consists of

trimethoxycinnamyl moiety, attached to

six-membered piperidone moiety that con-

tains double bond at the third position. This

study aimed to explain structure–activity

relationship studies on piperidone moiety by

introducing several aromatic rings using

Baylis–Hillman reaction with various alde-

hydes. Thus, the target compounds 2a–2j

were prepared through one-step reaction

of piplartine with various aldehydes using

1,4-diazabicyclo[2.2.2]octane (DABCO) in

a catalytic amount at room temperature in

1,4-dioxane (Scheme 1).

3. Biological activity

3.1 Anticancer activity

The anticancer activity of piplartine

derivatives was examined in IMR-32 and

HeLa cancer cells. Tumor cells (1 £ 106/

ml) were treated with varying concen-

trations of piplartine derivatives (2a–2j)

ranging from 2, 4, 8, 12, to 24mM for 18 h,

and analyzed by 3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide

(MTT) assay. We have not included the

parental compound piplartine since its

biological activity has been reported in

IMR-32 and HeLa cells [13]. None of the

compounds were found to be cytotoxic

from the MTT assay. Increasing drug

concentrations also had no effect in

inducing the cytotoxicity (data not pre-

sented). Our previous studies with piplar-

tine indicated that piplartine alone is not

cytotoxic, but exhibits cytostatic property

and accumulates cells in G1–S cell cycle

transition [13]. Therefore, to assess the cell

cycle inhibition of piplartine derivatives,

tumor cells after respective drug treatments

were subjected to the fluorescence-acti-

vated cell sorting (FACS) analysis. Among

all the derivatives, in contrast to the

parental compound piplartine that induced

G1–S arrest [13], compounds 2b, 2e, and

2j showed significant G2–M accumulation

of cells in both HeLa (Figure 1(a)) and

IMR-32 cells (Figure 1(b)).

The current approach of drug discovery

to combat cancer suggests that combina-

torial treatments are rather beneficial

for effective cell killing [14]. Therefore,

O

O
O

N

O O O

O
O

N

O O

R

OH

DABCO

1,4 DIOXANE
RT,12–72 hr, 60–75%

R-CHO

2a. R = 4-Chlorophenyl
2b. R = 2-nitrophenyl
2c. R = 4-Nitrophenyl
2d. R = 2-Pyridyl
2e. R = 2-Thiophenyl
2f . R = 4-flourophenyl
2g. R = 4-Cyanophenyl
2h. R = 2-Napthyl
2i . R = tolyl
2j . R = phenyl

Scheme 1. Synthesis of piplartine derivatives.
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we have selected two chemotherapeutic

drugs curcumin and cisplatin to use in

combination with piplartine derivatives in

human cervical cancer cells, HeLa. Curcu-

min was shown to be non-cytotoxic at

15mM concentrations in IMR-32 when

used in combination with piplartine [13];

hence, HeLa cells alone were used to

examine the combination drug effects.

Another chemotherapeutic drug, cisplatin,

induces DNA damage and apoptosis at

higher concentrations, but at lower doses it

is found to be ineffective [15]. Therefore,

in this study, we have used 1 mM

cisplatin in combination with piplartine

derivatives 2b, 2e, and 2j. Interestingly,

both curcumin (Figure 2(a) and cisplatin

combination with piplartine derivatives,

2b, 2e, and 2j).

The results obtained from Figure 1

(a),(b) strongly suggested cell cycle-specific

inhibition of piplartine derivatives 2b, 2e,

and 2j. It is increasingly apparent that the

cell cycle plays a critical role

in chemosensitizing the combination

chemotherapy. Chemotherapeutic drug,

hydroxyurea (HU), belongs to the class of

anti-metabolite drugs that inhibit cell

growth. Low concentrations of HU syn-

chronize tumor cells in G1–S phase

transition [16]. Colcemid is a less toxic

derivative of colchicine, a chemotherapeutic

drug, that inhibits microtubule polymeriz-

ation and arrests cells in metaphase (G2–M

transition) due to interference of the drug

with spindle formation [17]. To corroborate

piplartine-induced G2–M-specific cell

cycle block, IMR-32 and HeLa tumor cells

were treated with derivatives of piplartine in

combination with low doses of HU and

colcemid. Interestingly, in the individual

drug treatments, HU- and colcemid-induced

G1–S and G2–M transition, respectively,

while the combination drug treatments

retained cells in HU-induced G1–S phase

(Figure 3(a),(b)) or colcemid-induced

Figure 1. Effect of piplartine derivatives on cell cycle regulation was analyzed by FACS. (a) HeLa
and (b) IMR-32 cells were treated with compounds 2b, 2e, and 2j and analyzed in fluorescence-
activated cell sorter. DMSO was used as a solvent control.
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G2–M phase (Figure 3(c),(d)). Protein

kinases are identified as signatures of cancer

[18–20]. The mitogen-activated protein

kinase (MAPK) family of kinases connects

extracellular stimuli with diverse cellular

responses. Although the MAPK family has

been studied extensively, the role of these

kinases in cell growth and cell cycle control

has become increasingly complex [21].

Therefore, we have examined the activation

of MAPK members ERK1/2 in our drug

combinations. Though there was a differ-

ence in ERK1/2 basal levels, the enhanced

ERK1/2 activation was predominant in all

the piplartine treatments when used alone or

in combination treatments (Figure 4(a)–

(c)). Although enhanced and sustained

MAPK activity in our treatments is surpris-

ing despite the growth arrest, Pumiglia and

Decker [22] provided the information that

sustained MAP kinase activity can also lead

to the inhibition of CDK activity and growth

arrest to support our observations.

The cell cycle is driven by a family of

proteins called cyclin-dependent kinases

(CDKs) [23]. Since protein kinases are

identified as signatures of cancer and

piplartine derivatives show selective cell

cycle inhibition, we have analyzed CDK1,

CDK2, and CDK6 both alone and in

combination drug treatments. The deriva-

tives 2b, 2e, and 2j showed a decrease in

CDK6 (a kinase that is involved in G1

entry of cell cycle) expression in both the

cell types (Figure 4(a)). In IMR-32 cells,

HU combination showed a decrease in

CDK6, and in HeLa cells, HU combination

showed an increase in CDK6. In IMR-32

cells, colcemid combination showed a

decrease in CDK6, and in HeLa cells,

Figure 2. Effect of piplartine derivatives in combination treatment with anticancer agents was
examined by FACS analysis. (a) HeLa cells treated with compounds 2b, 2e, and 2j in combination
with curcumin were examined. (b) IMR-32 cells treated with compounds 2b, 2e, and 2j in combination
with DNA damaging agent cisplatin were examined.
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colcemid combination showed an increase

in CDK6 (Figure 2(b),(c)). The G1–S

kinase CDK2 levels were unaffected, but

the G2–M kinase CDK1 levels were

decreased by the treatment in both the

cells. There was an increase in CDK1

and CDK2 levels in HU combination in

both IMR-32 and HeLa cells, whereas

colcemid combination showed a drastic

decrease in CDK2 expression levels

(Figure 4(b),(c)).

Since compounds 2b, 2e, and 2j showed

significant G2–M cell cycle inhibition

without cell death, we examined alterations

in cell morphology. All the three compounds

showed a change in cell morphology from

well-spread adhesion to elongation, fol-

lowed by leaving the substratum in both

HeLa and IMR-32 cells. In the combination

treatments with colcemid and HU, we

observed enhanced elongation and inhi-

bition of cell adhesion in both the cells

(Figure 5(a),(b)).

3.2 Antibacterial activity

Medicinal plants also represent a rich

source of antimicrobial agents; thus, inter-

est has revived recently in the investigation

of medicinal plants to identify novel active

phytochemicals that might lead to new

classes of microbial drug development.

In order to examine the antibacterial

activity of piplartine and its derivatives,

we treated S. aureus and P. aeruginosa a

gram-negative and a gram-positive

bacteria, respectively, with piplartine and

derivatives at a final concentration of

48mM. Interestingly, some of the deriva-

tives exhibited significant antibacterial

activity, however, with varied strengths.

Derivatives 2b, 2e, and 2j showed a

significant growth inhibition of 7%,

16%, and 22% ( p , 0.05, p , 0.01, and

p , 0.01), respectively, at 48mM concen-

tration treatment in P. aeruginosa. The

parental compound, piplartine, induced

13.7% growth inhibition ( p , 0.001) in

Figure 3. Effect of piplartine derivatives on synchronization of cells to reversible cytostatic drugs
was examined by FACS analysis. (a) and (c) HeLa cells treated with compounds 2b, 2e, and 2j after
respective treatments with HU or colcemid (Col), respectively. (b) and (d): IMR-32 cells were
treated with compounds 2b, 2e, and 2j after respective treatments with HU or Col, respectively.
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P. aeruginosa (Figure 6(a)). Derivatives

2c, 2e, 2f, 2i, and 2j showed significant

growth inhibition of 10.7%, 19.7%, 20.9%,

39.4%, and 33.6% ( p , 0.01, p , 0.01,

p , 0.01, p , 0.001%, and p , 0.001),

respectively at 48mM concentration treat-

ment in S. aureus. The parental compound,

piplartine, induced 14.7% growth

inhibition ( p , 0.01) in P. aeruginosa

(Figure 6(b)). Although the growth

showed differential response, all the

derivatives significantly interfered with

bacterial proliferation suggesting the

potential antibacterial activity of piplartine

derivatives.

4. Conclusion

In conclusion, we show that among 10

piplartine derivatives, 2-nitrophenyl (2b),

thiophenyl (2e), and phenyl (2j) derivatives

showed significant cytostatic activity against

different cancer cells. The derivatives2b,2e,

and 2j showed enhanced mitogen signal

activation that leads to enforced cell cycle

inhibition arresting cells in G2–M phase of

the cell cycle. Further cell cycle entry has

been compromised by the combination drug

treatment with HU- and colcemid-inhibiting

CDK6. The derivatives also showed anti-

bacterial activity, however, with varied

specificity against gram-positive and gram-

negative bacteria.

Figure 4. Immunoblot analysis of tumor cells treated with piplartine derivatives. (a) HeLa and
IMR-32 cells treated with 2b, 2e, and 2j compounds analyzed for both non-phospho and
phosphorylated ERK1/2, CDK1, CDK2, and CDK6. (b) Densitometry analysis of ‘A’ protein
expression versus GAPDH. (c) HeLa cells treated with HU and colcemid combinations with
piplartine derivatives 2b, 2e, and 2j. (d) Densitometry analysis of ‘C’ protein expression versus
GAPDH. (e) IMR-32 cells treated with HU and colcemid combinations with piplartine derivatives
2b, 2e, and 2j. (f) Densitometry analysis of ‘E’ protein expression versus GAPDH.
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5. Experimental

5.1 General experimental procedures

Melting points were recorded on a Fisher

scientific melting pointapparatus (Pittsburgh,

PA, USA) and are uncorrected. The 1H and

13C NMR spectra were recorded on a Bruker

FT-300 MHz spectrometer (Bruker, Fallan-

den, Switzerland) at 300 MHz for 1H and

75 MHz for 13C, respectively, using tri-

methylsilane (TMS) as internal standard. The

chemical shifts are expressed as (d) values in

Figure 5. Morphological analysis of drugs-treated tumor cells. (a) HeLa, (b) IMR-32 cells after
respective treatments.

Figure 6. Evaluation of piplartine derivatives on bacterial growth. The effect of piplartine
derivatives 2b, 2e, and 2j was studied in P. aeruginosa (a) and S. aureus (b). Con, control cells; pip,
parental piplartine compound.
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parts per million (ppm), and the coupling

constants (J) are given in hertz (Hz). Spin

multiplicities are described as s (singlet), brs

(broad singlet), d (doublet), t (triplet), q

(quartet), and m (multiplet). Mass spectra

were measured on LC-MSD-Trap-SL instru-

ment (Agilent, Santa Clara, CA, USA). The

solvents were purified by distillation under

nitrogen from the indicating drying agent,

and freshly prepared dichloromethane (cal-

cium hydride) and acetone (potassium

permanganate) were used. Column chroma-

tography was carried out using silica gel

100–200 mesh (Acme Silica gel, Mumbai,

India), and precoated silica gel plates (Merck,

60 F254, Darmstadt, Germany) were used for

preparative thin-layer chromatography

(TLC). Chemicals and reagents were pur-

chased from Sigma-aldrich Chemical Co.,

Bengaluru, India. Other chemicals of ana-

lytical grade were procured from indigenous

manufacturers (Rankem, New Delhi, India).

5.2 Extraction and isolation of
piplartine from Piper chaba

The roots of the plant P. chaba were

procured from Indian Medicines and

Pharmaceuticals Limited (IMPCL), Uttar-

akhand, India. It was authenticated by

Dr K. Madhava Chetty, and a voucher

specimen has been deposited in the

herbarium of the Botany Department, Sri

Venkateswara University, Tirupati,

Andhra Pradesh, India. The roots of

P. chaba (5 kg) were shade dried, pow-

dered, and extracted with hexane in a

Soxhlet apparatus at 608C temperature for

48 h. The resulting hexane extract was

filtered to yield the yellow colored

piplartine (2 g).

5.3 Cell culture and drugs treatment

HeLa and human neuroblastoma (IMR-32)

tumor cells were maintained in Dulbecco’s

Modified Eagle’s Medium containing 10%

fetal calf serum, penicillin (100 U/ml), and

streptomycin (50mg/ml) in a humidified

incubator chamber (378C) supplied with

5% CO2. Exponentially growing tumor

cells (1 £ 106/ml) in the complete medium

were treated with 24mM concentrations of

piplartine derivatives, 15mM curcumin,

2mM paclitaxel (Sigma Aldrich, St Louis,

MI, USA), 2mM HU, colcemid, and

cisplatin (Calbiochem, Billerica, MA,

USA) either alone or in combination. For

primary screening to assess the dose-

dependent studies, we used 2, 4, 8, 12, and

24mM concentrations of piplartine. The

treatment continued for 20 h for HeLa cells

and 36 h for IMR-32 cells at 378C, and

after respective drug treatments, cells were

harvested for subsequent experiments. The

difference in incubation time was decided

based on doubling time of each tumor type

and the type of experiment, either

cytotoxicity or cell cycle analysis.

5.4 The morphological analysis using
ApoTome microscope

Cells grown on cover glass (Thermo Fisher

Scientifics, 22 £ 22 mm) and treated with

piplartine derivative either alone or in

combination with known anticancer agents

for 20 or 36 h time intervals were

visualized using inverted microscope

(Axiovert 200, 20 £ magnifications).

5.5 The cell viability, cell cycle, and cell
death analysis

The cell viability was determined by trypan

blue exclusion assay before processing the

cells for further experiments. Control- and

drugs-treated tumor cells were washed with

phosphate-buffered saline, stained with

50mg/ml propidium iodide (containing

0.1% triton X-100 and 22mg/ml RNase).

Cells were either visualized under a fluor-

escence microscope (Nikon) or analyzed in a

fluorescence-activated cell sorter (FACS

Calibur, BD, Beckton Dickinson). The

‘sub-G1 peak’ represents dead cells, cells

with single chromosome set (2N) are

represented as G1–S population, and cells

Journal of Asian Natural Products Research 665
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with double chromosome set (4N) are

represented as G2–M population.

5.6 SDS-Polyacrylamide gel
electrophoresis and Western blot analysis

Tumor cells after respective drug treatments

were lyzed with 50 mM Tris lysis buffer, pH

7.4 (150 mM NaCl, 5 mM EDTA, 0.1% NP-

40, 1MM PMSF, 1X protease inhibitor

cocktail; 60 min, 48C). Protein concen-

trations of cell lysates were estimated by

Bradford method (Bradford 1976), using

bovine serum albumin as standard. Twenty

micrograms of total cell lysate were mixed

with Laemmli buffer containing 100ml

dithiothreitol, boiled for five minutes, and

the samples were subjected to 10% sodium

dodecyl sulfate-polyacrylamide gel electro-

phoresis (SDS-PAGE). Proteins were trans-

ferred from the gel to nitro-cellulose

membrane using a semidry protein gel

transfer apparatus (Amersham Biosceinces,

PA, USA). Transfer of proteins was

confirmed by Ponceau-S staining, and the

blot was processed for Western blot

analysis. Blocking of the membrane was

done with 5% skimmed milk powder and

0.1% Tween 20 in 1X TBE (89 mM

Tris/89 mM borate/2 mM ethylenediamine-

tetraacetic acid) buffer, and incubation was

done with appropriate primary antibody

followed by a horseradish peroxidase-

conjugated secondary antibody at room

temperature. Labeled bands were visualized

using BM-Chemiluminescence kit (Roche,

Basel, Switzerland). The antibodies for

ERK1/2 and pERK1/2 (1:1000 dilution),

CDK1 (1:1000), CDK2 (1:1000), and

CDK6 (1:1000) were obtained from Santa

Cruz Biosciences (Santa Cruz, CA, USA).

5.7 Bacterial growth conditions and
treatments

Bacteria (S. aureus and P. aeruginosa)

were grown in Luria Bertani (LB)

medium. Briefly, in each experiment, a

single-bacterial colony was inoculated

into 2 ml LB broth, grown over night at

378C, 200 rpm shaking. In the next day,

fresh culture was inoculated from over-

night culture (1:100 dilution), allowed to

grow for 3 h, to obtain maximum cells in

mid-log phase of growth. Using different

drug concentrations ranging from 2, 4, 6,

12, 24, 48, to 96 mM, the optimal

concentration was calculated from at

least 50% bacterial growth of at least

one of the drugs tested in this study. A

concentration above 48mM was found to

be ineffective and failed to show any

additional affects on bacterial growth.

Piplartine derivatives were added to these

cultures at a final concentration of 48mM,

incubated for overnight (18 h) at appro-

priate growth conditions for further

analysis. Control cells were maintained

without treatment, whereas solvent con-

trol was maintained treating cells only

with dimethylsulfoxide (DMSO).

5.8 Analysis of cytotoxicity by
spectrometric measurements

After 18 h of treatment with appropriate

natural compound fraction, one milliliter

bacterial culture was taken in 1.5 ml

disposable sterile plastic cuvette, and the

optical density was measured at 600 nm using

the spectrophotometer (Shimadzu double-

beam spectrophotometer, Model 1601). The

DMSO-treated cells were used for normal-

ization. The optical density values obtained

were converted to percent cytotoxicity and

plotted on a bar diagram. Each experiment

was repeated at least three times, and standard

error was marked on each bar value.

5.9 Statistical analysis of data

Data in the bar diagrams are reported as

mean ^ SD. The control groups were

compared with drug-treated groups, and

the significance values were calculated

by paired Student’s t-test. Data represented

is an average of three independent exper-

iments in each group. The P values
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represented are ***p , 0.001, **p , 0.01,

and *p , 0.05.

6. General procedure for the synthesis
of piplartine derivatives (2a–j)

To a solution of aldehyde (0.62 mM) and

piplartine in 1,4-dioxane was added DABCO

in catalytic amount and stirred for 12–72 h at

room temperature. The reaction progress was

monitored by TLC. After completion, reaction

mixture was partitioned between t-butyl

methyl ether (5 ml) and water (10 ml). The

organic phase was washed with brine, dried

over anhydrous Na2SO4, filtered, and evapor-

ated under reduced pressure to give the crude

product, which was purified by flash column

chromatography to yield the pure compounds.

6.1 Spectroscopic data of conjugates
(2a-2j)

6.1.1 (E)-3-((4-Chlorophenyl)(hydroxy)

methyl)-1-(3-(3,4,5-trimethoxyphenyl)

acryloyl)-5,6-dihydropyridin-2(1H)-one (2a)

Yield 60%; yellow oil; 1H NMR (300 MHz,

CDCl3): d 7.64–7.54 (1H, d, J ¼ 15.4 Hz),

7.33–7.23 (5H, m), 6.76 (3H, m), 5.62 (1H,

s), 3.96 (2H, t, J ¼ 7.5 Hz), 3.90 (6H, s),

3.83 (3H, s), 2.41 (2H, m).13C NMR

(75 MHz, CDCl3): d 13C NMR (75 MHz,

CDCl3): d 168.3, 166.1, 153.4 (2C), 144.2,

140.9 (2C), 139.9, 138.1, 133.5, 130.4,

128.5 (2C), 128.0 (2C), 120.8, 105.7 (2C),

71.4, 60.7, 56.0 (2C), 41.5, 24.5; ESI-MS:

m/z 457 [M]þ, HR-ESI-MS: m/z 480.1139

[M þ Na]þ (calcd for C24H24NO6ClNa,

480.1190).

6.1.2 (E)-3-(Hydroxy(4-

nitrophenyl)methyl)-1-(3-(3,4,5-

trimethoxyphenyl)acryloyl)-5,6-

dihydropyridin-2(1H)-one (2b)

Yield 65%; pale yellow solid, mp 1378C;
1H NMR (300 MHz, CDCl3): d 7.93 (1H,

d, J ¼ 9.0 Hz), 7.87 (1H, d, J ¼ 7.7 Hz),

7.72 (2H, m), 7.50 (1H, m), 7.37 (1H, d,

J ¼ 15.6 Hz) 6.78 (2H, s), 6.59 (1H, t,

J ¼ 8.1 Hz), 6.27 (1H, br s), 3.98 (2H, m),

3.92 (6H, s), 3.87 (3H, s), 2.45 (2H, m).
13C NMR (75 MHz, CDCl3): d 168.3,

166.2, 160.6, 153.3 (2C), 144.2, 140.7,

140.4, 138.4, 137.1, 130.4, 128.3, 128.2,

120.8, 115.3, 115.1, 105.7 (2C), 71.4, 60.6,

56.0 (2C), 41.5, 24.5; ESI-MS: m/z 469

[M þ H]þ; HR-ESI-MS: m/z 469.1628

[M þ H]þ (calcd for C24H25N2O8,

469.1610).

6.1.3 (E)-3-(Hydroxy(4-

nitrophenyl)methyl)-1-(3-(3,4,5-

trimethoxyphenyl)acryloyl)-5,6-

dihydropyridin-2(1H)-one (2c)

Yield 63%; yellow solid, mp 1358C;
1HNMR (300 MHz, CDCl3): d 8.20 (2H,

d, J ¼ 8.6 Hz), 7.63 (1H, d, J ¼ 15.6 Hz),

7.60 (2H, d, J ¼ 8.8 Hz), 7.28 (1H, d,

J ¼ 15.6 Hz), 6.73 (3H, m), 5.71 (1H, br

s), 4.01 (2H, m), 3.91 (6H, s), 3.86 (3H, s),

2.50 (2H, m).13C NMR (75 MHz, CDCl3):

d 168.0, 165.7, 153.0 (2C), 148.1, 147.1,

144.2, 141.5 (2C), 136.9, 129.9, 126.9

(2C), 123.2 (2C), 120.2, 105.3 (2C), 71.4,

60.4, 55.7 (2C), 41.2, 24.1; ESI-MS: m/z

469 [M þ H]þ; HR-ESI-MS: m/z

469.1628 [M þ H]þ (calcd for

C24H24N2O8, 469.1610).

6.1.4 (E)-3-(Hydroxy(pyridin-2-yl)

methyl)-1-(3-(3,4,5-trimethoxyphenyl)

acryloyl)-5,6-dihydropyridin-2 1H)-

one (2d)

Yield 58%; oil; 1H NMR (300 MHz,

CDCl3): d 8.49 (1H, J ¼ 4.7 Hz) 7.70–

7.53 (3H, m), 7.33 (1H, d, J ¼ 15.4 Hz),

7.20(1H, t, J ¼ 11.7 Hz), 7.02 (1H, t,

J ¼ 7.3 Hz), 6.74 (2H, s), 5.72 (1H, s),

4.10 (2H, m), 3.91 (6H, s), 3.85 (3H, s),

2.51 (2H, m).13C NMR (75 MHz, CDCl3):

d 168.4, 166.1, 160.2, 153.4 (2C), 148.1,

143.9, 141.1, 137.7, 136.8 (2C), 130.6,

122.5, 121.7, 121.1, 105.7 (2C), 70.5, 60.7,

55.8 (2C), 41.6, 24.6; ESI-MS: m/z 425

[M þ H]þ.
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6.1.5 (E)-3-(Hydroxy(thiophen-2-yl)

methyl)-1-(3-(3,4,5-trimethoxyphenyl)

acryloyl)-5,6-dihydropyridin-2(1H)-

one (2e)

Yield 58%; yellow oil; 1H NMR

(300 MHz, CDCl3): d 7.60 (1H, d,

J ¼ 15.4 Hz), 7.33 (1H, d, J ¼ 15.4 Hz),

7.21 (1H, dd, J ¼ 4.9 Hz, J ¼ 1.1 Hz),

6.94 (2H, m), 6.84 (1H, t, J ¼ 7.9 Hz),

6.74 (2H, s), 5.83 (1H, s), 4.01 (2H, m),

3.89 (6H, s), 3.82 (3H, s), 2.51 (2H, m).
13C NMR (75 MHz, CDCl3): d 168.4,

165.9, 153.4 (2C), 146.0, 144.0, 140.9

(2C), 137.2, 130.4, 136.9, 125.5 (2C),

120.9, 105.6 (2C), 71.0, 60.9, 56.7 (2C),

41.4, 24.0; ESI-MS: m/z 429 [M]þ; HR-

MS (ESI): m/z 452.1143 [M þ Na]þ

(calcd for C22H23NO6SNa, 452.1138).

6.1.6 (E)-3-((4-Fluorophenyl)(hydroxy)

methyl)-1-(3-(3,4,5-trimethoxyphenyl)

acryloyl)-5,6-dihydropyridin-2(1H)-

one (2f)

Yield 55%; pale yellow oil; 1H NMR

(300 MHz,CDCl3): d 7.59 (1H, d,

J ¼ 15.4 Hz), 7.32 (3H, m), 7.01 (2H, m),

6.72 (2H, s), 6.67 (1H, t, J ¼ 7.7 Hz), 5.60

(1H, s), 3.94 (2H, m), 3.89 (6H, s), 3.84

(3H, s), 2.48 (2H, m). 13C NMR (75 MHz,

CDCl3): d 168.3, 166.2, 160.6, 153.4 (2C),

144.2, 140.7, 140.4, 138.4, 137.1, 130.4,

128.3, 128.2, 120.8, 115.3, 115.1, 106.5

(2C), 71.6, 60.8, 56.0 (2C), 41.5, 24.5;

ESI-MS: m/z 442 [M þ H]þ; HR-ESI-MS:

m/z 464.1492 [M þ Na]þ (calcd for C24-

H24NO6FNa, 464.1485).

6.1.7 (E)-4-(Hydroxy(2-oxo-1-

(3-(3,4,5-trimethoxyphenyl)acryloyl)-

1,2,5,6-tetrahydropyridin-3-yl)

methyl)benzonitrile (2g)

Yield 60%; pale yellow oil; 1H NMR

(300 MHz, CDCl3): d 7.59–7.43 (5H, m),

7.23 (1H, d, J ¼ 15.4 Hz), 6.74 (1H, m),

6.72 (2H, s), 5.64 (1H, s), 3.89 (2H, m),

3.87 (6H, s), 3.83 (3H, s), 2.45 (2H, m).
13C NMR (75 MHz, CDCl3): d 168.2,

165.6, 153.2 (2C), 147.2, 144.0, 141.3

(2C), 137.5, 131.8 (2C), 130.2, 127.2 (2C),

120.7, 118.2, 111.3, 105.6 (2C), 70.8, 60.5,

55.9 (2C), 41.4, 24.3; ESI-MS: m/z 471

[M þ Na]þ, HR-ESI-MS: m/z 471.1538

[M þ Na]þ (calcd for C25H24N2O6Na,

471.1532).

6.1.8 (E)-3-(Hydroxy(naphthalen-2-yl)

methyl)-1-(3-(3,4,5-trimethoxyphenyl)

acryloyl)-5,6-dihydropyridin-2(1H)-

one (2h)

Yield 63%; pale brown solid, mp 1438C;
1H NMR (300 MHz, CDCl3): d 7.84 (1H,

s), 7.86 (3H, m), 7.58 (1H, d, J ¼ 15.4 Hz),

7.42 (3H, m), 7.32(1H, d, J ¼ 15.4 Hz),

6.73 (2H, s), 6.67 (1H, t, J ¼ 7.7 Hz), 5.80

(1H, s), 3.98 (2H, m), 3.86 (6H, s), 3.83

(3H, s), 2.42 (2H, m). 13C NMR (75 MHz,

CDCl3): d 167.9, 165.9, 153.0 (2C), 143.6,

140.6,139.9, 138.4, 137.9, 132.9, 132.5,

130.0, 127.7, 127.6, 127.2, 125.7, 125.5,

125.2, 124.2, 120.5, 105.3 (2C), 71.5, 60.2,

55.6 (2C), 41.1, 24.1; ESI-MS: m/z 496

[M þ Na]þ; HR-ESI-MS: m/z 496.1730

[M þ Na]þ (calcd for C28H27NO6Na,

496.1736).

6.1.9 (E)-3-(Hydroxy(p-tolyl)methyl)-1-

(3-(3,4,5-trimethoxyphenyl)acryloyl)-5,6-

dihydropyridin-2(1H)-one (2i)

Yield 62%; pale yellow oil; 1H NMR

(300 MHz, CDCl3): d 7.61–7.55 (1H, d,

J ¼ 15.4 Hz), 7.32 (1H, d, J ¼ 15.4 Hz),

7.24 (2H, d, J ¼ 7.9 Hz), 7.11 (2H, d,

J ¼ 7.9 Hz), 6.75 (2H, s), 6.66 (1H, t,

J ¼ 7.6 Hz), 5.59 (1H, s), 3.99 (2H, m),

3.89 (6H, s), 3.84 (3H, s), 2.45 (2H, m).13C

NMR (75 MHz, CDCl3): d 168.8, 166.7,

153.8 (2C), 144.4, 141.1,140.7, 139.9,

138.8, 137.5, 130.9, 129.4 (2C), 127.0

(2C), 121.4, 106.1 (2C),72.3, 61.3, 56.5

(2C), 42.0, 24.9, 21.6; HR-ESI-MS: m/z

460.1732 [M þ Na]þ (calcd for

C25H27NO6Na, 460.1730).
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6.1.10 (E)-3-(Hydroxy(phenyl)methyl)-

1-(3-(3,4,5-trimethoxyphenyl)acryloyl)-

5,6-dihydropyridin-2(1H)-one (2j)

Yield 56%; pale brown solid, mp:

1378C;1H NMR (300 MHz, CDCl3): d

7.59 (1H, d, J ¼ 15.4 Hz), 7.36–7.20

(6H, m), 6.73 (2H, s), 6.67 (1H, t,

J ¼ 7.3 Hz), 5.62 (1H, s), 3.94 (2H, m),

3.89 (6H, s), 3.83 (3H, s), 2.45 (2H, m).13C

NMR (75 MHz, CDCl3): d 168.3, 166.2,

153.3 (2C), 143.9, 141.4, 140.8, 140.2,

138.3, 130.4, 128.2 (2C), 127.1, 126.6

(2C), 120.9, 105.6 (2C), 71.8, 60.6, 56.0

(2C), 41.5, 24.4; ESI-MS: m/z 423 [M]þ;

HR-MS (ESI): m/z 446.1563 [M þ Na]þ

(calcd for C24H25NO6Na, 446.1574).
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