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The genus Papaver, which belongs to the family Papa-

veraceae, consists of approximately 110 annual, biennial,

and perennial plants distributed in central and south-western

Asia, central and southern Europe, and northern Africa.1 A

variety of structurally diverse alkaloids such as benzylisio-

quinoline, morphinane, aporphine, protopine, and phthalide-

isoquinoline has been isolated from species of Papaver-

aceae.2-4 Of the genus Papaver, only the opium poppy (P.

somniferum L.) and P. setigerum D. C. are able to produce

the narcotic substances such as morphine, codeine and

thebaine as their secondary metabolites. Although morphine

is the most powerful pain-killer, it also has very strong

addictive properties. For this reason, P. setigerum and P.

somniferum are controlled as illegal opium poppy in Korea.

In our previous study on unknown poppy from Jeju Island, it

was identified as P. setigerum using by metabolite profiling

and genetic methods.5,6 P. setigerum has been reported to

contain various benzylisoquinoline, morphinane, and phth-

alideisoquinoline alkaloids.5,7 In this work, we have investi-

gated the chemical constituents of the whole plants of P.

setigerum. The present paper describes the isolation and

structural characterization of a new rearranged phthalideiso-

quinoline alkaloid along with two known benzylisoquiline

and a known phthalideisoquinoline alkaloids.

The EtOAc-soluble fraction of the whole plants of P.

setigerum was successively subjected to silica gel, C18, and

semipreparative HPLC on ODS yielded a new alkaloid 1

together with three known compounds, papaverine (2),8

papaveraldine (3),9 and α-noscapine (4).10

Compound 1, tentatively named setigerumine I, was

obtained as a light yellow amorphous powder and the UV

absorption was appeared at 290 nm. The positive HRESI-

MS of 1 gave a [M+H]+ at m/z 428.1356 (calcd 428.1345),

corresponding to the molecular formula C22H21NO8. The 1H-

NMR spectrum of 1 displayed a singlet aromatic proton (δH

6.41, ring A), a pair of ortho-coupled aromatic protons (δH

7.48 and 7.42, ring B), a -CH-CH-CH2- group (δH 4.62,

3.86, 3.05, and 2.88), a methylenedioxy group (δH 5.87),

three mothoxy groups (δH 4.05, 3.98, 3.66), and a N-methyl

group (δH 2.86). The 13C- and DEPT NMR spectra of 1

yielded 22 carbon signals including those corresponding to a

carbonyl carbon (δC 166.3), and a spiroketal carbon (δC

108.9). These 1H-, 13C, and DEPT NMR data indicated that 1

was closely similar with a rearranged phthalideisoquinoline

alkaloid, dactylicapnosinine except for an additional meth-

oxy group.11 The skeleton of rearranged phthalideisoquinoline

alkaloid, consists of unique ring C, D with C-N-O-C,

moieties, and the lactone ring E, was further clarified with
1H-1H COSY and HMBC experiments. The five membered

ring C was confirmed by -CH-CH-CH2- correlation with 1H-
1H COSY data. Moreover, the A-E ring system was assigned

by the observed HMBC correlations from H-1 (δH 3.05,

2.88) to C-2, C-7, C-3a and C-7a, from H-3 (δH 4.62) to C-

3a and C-6', and from H-1' (δH 7.42) to C-α. The position of

methoxy groups were established by HMBC correlations

from three methoxy groups (δH 4.05, 3.98, 3.66) to C-4', C-

3', and C-4, respectively. Furthermore, methylenedioxy group

(δH 5.87) was correlated with C-5, and C-6. The relative

configuration of 1 was determined on the basis of coupling

constant and NOESY experiment. The H-2 and H-3 was

confirmed as cis- and axial orientations by a comparison of

coupling constant between H-2 and H-3 (J = 8.5 Hz), and the

observed NOE correlations.11 In the NOESY spectrum, the

cross peak was detected between H-3 and H-1', which is

clearly indicated the relative configuration of C-α as shown

in Figure 3. However, the optical rotation showed a zero

value, it may be a racemate. This rearranged phthalide-

isoquinoline alkaloid is reported for the first time in the

genus Papaveraceae.

aThese authors contributed equally to this work.

Figure 1. Structures of 1-4.

Figure 2. Key 1H-1H COSY, and HMBC correlations of 1.
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Experimental

General Procedures. Melting points were measured on

Buchi model B-540 without correction. Optical rotations

were determined with a JASCO DIP-1000 polarimeter. UV

spectra were obtained on JASCO UV-550 spectrometer.

NMR spectra were recorded on a Bruker DRX 500 MHz

NMR spectrometer using CD3OD and DMSO-d6 as solvents

with the tetramethylsilane as an internal standard. Chemical

shift are presented in ppm. High resolution time-of-flight

(HRTOF) and electrospray ionization (ESI) mass spectra

were measured on Bruker maXis 4G and Waters QTOF

micromass spectrometeres, respectively. Semipreparative

HPLC was performed using a Waters HPLC system equipp-

ed with two Waters 515 pumps and a 2996 photodiode array

detector using a YMC J’sphere ODS-H80 column (4 μm,

150 × 20 mm, i.d., flow rate 6 mL/min). Open column

chromatography was performed using silica gel (70-230

mesh, Merck) and Lichroprep RP-18 (40-63 μm, Merck).

Thin-layer chromatography (TLC) was performed using

precoated silica gel 60 F254 (0.24 mm, Merck) plates.

Plant Materials. P. setigerum was collected from the Jeju

Island, Korea, in May 2009. A photographic voucher speci-

men has been deposited at the National Forensic Service,

Korea.

Extraction and Isolation. The air-dried whole plants of P.

setigerum (0.5 kg) were pulverized at room temperature and

heated at 60 oC during an hour with 0.1 N-HCl. After

cooling, the filtrate was neutralized with 10% NH4OH

solution until pH 9-10, and then extracted with the EtOAc (9

L, three times) to give the EtOAc extract (13 g). The EtOAc

soluble fraction was subjected to silica gel (5 × 12 cm),

eluted with CH2Cl2-MeOH (100:0 to 50:50), to give 8 sub-

fractions (PSE1-PSE8). Fraction PSE3 (0.9 g) was applied

to a silica gel column (2 × 10 cm), eluted with CH2Cl2-

MeOH (100:1, 98:1, 95:1), to yield compound 2 (13 mg).

Fraction PSE6 (1.1 g) was chromatographed on silica gel

with CH2Cl2-MeOH (100:1, 95:1, 90:1, 80:1), to give 6

subfractions (PSE61-PSE66). Subfraction PSE62 (0.2 g)

was further subjected to chromatography over RP-18 (2 × 20

cm), eluted with H2O-MeOH (20, 40, 60, 80%, gradient), to

yield compound 3 (7 mg). Subfraction PSE64 (90 mg) was

further purified by semipreparative HPLC and eluted with

H2O-ACN (33 to 62%, gradient), to yielded compound 1 (3

mg) and compound 4 (9 mg).

Setigerumine I (1): Light yellow amorphous powder; mp

184.5-186°;  0° (c 0.15, MeOH); UV (MeOH) λmax

(log ε) 290 (4.31) nm; 1H-NMR (CD3OD, 500 MHz): see

Table 1; 13C-NMR (CD3OD, 125 MHz): see Table 1; HRESI-

MS m/z 428.1356 (calcd for C22H22NO8, 428.1345).
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Figure 3. Key NOESY correlations of 1.

Table 1. 1H- and 13C-NMR data of compound 1 (CD3OD)a

Carbon

No.

1

δH δC

1 3.05 (1H, dd, J = 7.0, 17.0 Hz)

2.88 (1H, d, J = 17.0 Hz)

 34.7 tb

2 3.85 (1H, t, 8.5 Hz) 73.8 d

3 4.62 (1H, d, J = 8.5 Hz) 63.9 d

3a - 121.5 s

4 - 139.4 s

5 - 133.7 s

6 - 150.9 s

7 6.41 (1H, s) 98.3 d

7a - 135.8 s

1' 7.42 (1H, d, J = 8.0 Hz) 117.8 d

2' 7.48 (1H, d, J = 8.0 Hz) 119.2 d

3' - 154.2 s

4' - 147.3 s

5' - 119.4 s

6' - 138.3 s

C-α - 108.9 s

-OCH2O- 5.87 (2H, dd, J = 1.0, 8.5 Hz) 100.9 t

3'-OCH3 3.98 (3H, s) 55.9 q

4'-OCH3 4.05 (3H, s) 61.1 q

4-OCH3 3.66 (3H, s) 57.9 q

NMe 2.86 (3H, s) 42.6 q

-OCO- - 166.3 s

aAssignments aided by a combination of HMQC, HMBC, and COSY
experiments. bCarbon multiplicity.
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