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ABSTRACT: Vulgarisin A (1), a new diterpenoid with an
unprecedented 5/6/4/5 fused tetracyclic ring skeleton, has been
isolated from the medicinal plant Prunella vulgaris Linn. Its structure
was characterized by extensive spectroscopic methods, and the
absolute configuration was secured by single crystal X-ray diffraction
analysis. Compound 1 showed weak cytotoxicity against human lung
carcinoma A549 cells with an IC50 value of 57.0 μM.

Prunella vulgaris Linn. (Labiatae) is a traditional Chinese
medicinal herb mainly distributed in temperate Eurasia and
mountainous regions of the tropics. This plant has been used as
a dietary supplement and in the main contents of many famous
commercial soft drinks in China.1 Previous phytochemical
investigations of Prunella have resulted in the isolation of
triterpenes,2 coumarins,2 sterols,3 flavonoids,4 and organic
acids,5 which were associated with antibacterium,6 anti-
inflammatory,7 anti-HIV,8 anticancer,9 and other biological
activities.10 Although diterpenes represent a large and
structurally diverse family of bioactive natural products,11,12

there is only one acyclic diterpene (trans-phytol) that has been
isolated from the genus of Prunella.13 During an ongoing search
for bioactive constituents from P. vulgaris Linn. grown in the
Guizhou Province of China, a new diterpenoid named
vulgarisin A (1) has been isolated from the crude ethanolic
extracts of the whole plant. Spectroscopic and X-ray crystallo-
graphic methods suggested that vulgarisin A (1) represented a
new diterpenoidal carbon skeleton possessing a rare 5/6/4/5
fused tetracyclic ring architecture. This paper describes the
isolation, structural elucidation, and plausible biosynthetic
pathway of 1 as well as its cytotoxicities against two human
carcinoma cell lines.
Vulgarisin A (1) was obtained as colorless lumpish crystals

(MeOH).14 Its molecular formula, C28H46O6, was deduced by
positive HR-ESI-MS at m/z 501.3183 [M + Na]+ (calcd
501.3192 for C28H46O6Na), indicating six degrees of unsatura-
tion. The IR absorption bands at 3483 and 1713 cm−1 indicated
the presence of hydroxy and carbonyl functionalities,
respectively. In the 1H NMR spectrum (Table 1), the signals
of three isopropyl groups at (δH 0.91, 3H, d, J = 6.8 Hz; δH
1.01, 3H, d, J = 6.8 Hz; δH 2.12, 1H, m); (δH 1.22, 3H, d, J =

7.2 Hz; δH 1.19, 3H, d, J = 7.2 Hz; δH 2.62, 1H, m); and (δH
1.20, 3H, d, J = 7.2 Hz; δH 1.18, 3H, d, J = 7.2 Hz; δH 2.59, 1H,
m) were clearly apparent. The 13C NMR and DEPT spectra of
1 (Table 1) revealed 28 carbon signals, including eight methyls,
five methylenes, ten methines, and five quaternary carbons.
Among them, an oxyquaternary carbon (δC 82.8), two
oxymethine (δC 76.9, δC 70.2), and an oxymethylene (δC
64.4) were observed. In addition, the presence of two carbonyl
groups could be easily identified from the 13C NMR signals at
δC 179.1 and 176.8, respectively (Table 1).
In addition, the HMBC correlations between the two

isopropyl substitutions (δH 1.22, 1.19, 2.62 and δH 1.20, 1.18,
2.59) and the two carbonyl carbons, respectively, indicated the
existence of two isobutyryl groups. These observations,
together with the molecular formula, revealed that vulgarisin
A (1) should be a diterpenoid possessing a tetracyclic aliphatic
ring skeleton.
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Interpretation of the 2D NMR data, including 1H−1H
COSY, HMQC, HMBC, and NOESY spectra, led to the
construction of the planar structure of 1. The COSY spectrum
of 1 suggested the presence of three individual spin systems (C-
1, 2, 3, 4, 5, 6 to C-15), (C-8 to C-9, including 9-OH), and (C-
13, 14, 18, 19, 20 to C-12) (Figure 1). The HMBC correlations
from H-17α (δH 4.65) and H-2′ (δH 2.62) to C-1′ (δC 179.1);
and from H-8 (δH 5.09) and H-2″ (δH 2.59) to C-1″ (δC 176.8)
indicated the connection of C-2′ to C-17 and C-2″ to C-8

through the carbonyl carbon, respectively. Key HMBC
correlations from H-1 (δH 1.88), H-8 (δH 5.09) to C-7 (δC
38.2); from H-9 (δH 4.46), H-14 (δH 2.22), H-17 (δH 4.65,
4.28), H-18 (δH 2.12) to C-10 (δC 56.0); and from H-1 (δH
1.88), H-2 (δH 2.75), H-12 (δH 1.60), H-13 (δH 1.62) to C-11
(δC 82.8) indicated that the three spin systems were connected
by C-7, C-10, and C-11, respectively. In addition, the HMBC
correlations from Me-16 (δH 0.95) to C-1 (δC 47.7), C-6 (δC
38.1), and C-8 (δC 76.9) were detected. These data led to the
planar structure of vulgarisin A (1) as shown in Figure 1.
A NOESY experiment was also performed to elucidate the

relative configuration of 1 (Figure 2). In the NOESY spectrum,

the NOE correlations of H-2/H-9, H-6/H-9, H-6/11-OH, 11-
OH/H-17β indicated that they were cofacially oriented,
whereas the NOE correlations of 9-OH/H-1, 9-OH/H-8, H-
8/H-14, H-8/Me-15, and H-8/Me-16 showed that they were
oriented in the other direction.
To confirm the planar structure and its absolute config-

uration, a single-crystal X-ray diffraction experiment of
vulgarisin A (1) was performed by using Cu Kα radiation
(Figure 3).15 The absolute configuration of 1 was determined
as 1R, 2S, 3S, 6R, 7S, 8S, 9S, 10S, 11R, and 14S through the
refinement of Flack’s parameter [χ = 0.0(3)].16,17 Thus, the
absolute structure of 1 with its new carbon skeleton was
unambiguously established.

Table 1. Experimental NMR Chemical Shifts of 1 (δ in ppm,
J in Hz)a

position δH, mult, intrgt (J) δC (mult)

1 1.88, d, 1H (5.2) 47.7 (CH)
2 2.75, m, 1H 41.2 (CH)
3 1.85, m, 1H 36.8 (CH)
4α 1.74, m, 1H 34.1 (CH2)
4β 1.29, m, 1H
5α 1.68, m, 1H 42.4 (CH2)
5β 1.46, m, 1H
6 2.74, m, 1H 38.1 (CH)
7 38.2 (qC)
8 5.09, d, 1H (11.2) 76.9 (CH)
9 4.46, dd, 1H (7.6, 11.2) 70.2 (CH)
10 56.0 (qC)
11 82.8 (qC)
12 1.60, m, 2H 26.8 (CH2)
13 1.62, m, 2H 23.5 (CH2)
14 2.22, m, 1H 51.8 (CH)
15 0.93, d, 3H (8.4) 14.1 (CH3)
16 0.95, s, 3H 20.9 (CH3)
17α 4.65, d, 1H (10.8) 64.4 (CH2)
17β 4.28, d, 1H (10.8)
18 2.12, m, 1H 27.2 (CH)
19 1.01, d, 3H (6.8) 25.6 (CH3)
20 0.91, d, 3H (6.8) 20.4 (CH3)
1′ 179.1 (qC)
2′ 2.62, m, 1H 34.3 (CH)
3′ 1.22, d, 3H (7.2) 19.2 (CH3)
4′ 1.19, d, 3H (7.2) 18.9 (CH3)
1″ 176.8 (qC)
2″ 2.59, m, 1H 34.3 (CH)
3″ 1.20, d, 3H (7.2) 19.1 (CH3)
4″ 1.18, d, 3H (7.2) 18.8 (CH3)
9-OH 2.01, d, 1H (7.6)
11-OH 1.81, s, 1H

aData recorded in CDCl3 at 400 MHz for 1H and 100 MHz for 13C
NMR.

Figure 1. Key 1H−1H COSY (bold) and HMBC (arrow) correlations
of 1.

Figure 2. Selected NOESY correlations (double arrows) of 1.

Figure 3. X-ray crystallographic structure of 1.
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Vulgarisin A (1) is a new diterpenoid containing a 5/6/4/5
fused tetracyclic ring system with a core tricyclo [6−4−5] fused
ring framework. To the best of our knowledge, this is the first
description of this carbon skeleton found in the natural
kingdom. We propose that the named “vulgarisane” be used for
this new diterpenoidal skeleton type. Though quite a few
diterpenes with a bicyclo [4−5] ring motif have been identified
in natural compounds,18−21 natural diterpenes containing this
core tricyclo [6−4−5] ring architecture have never been
reported so far. Moreover, compound 1 represented the first
cyclic diterpenoid isolated from the plant genus Prunella.
A plausible biogenetic pathway for vulgarisin A (1) is shown

in Scheme 1. It is rationally derivable from geranylgeranyl

diphosphate (GGPP) and may subsequently involve cycliza-
tion, migration, oxidation, and esterification biosynthetic
processes.22 We postulate that initial head-to-tail cyclization
of GGPP produces a bicyclo [4−5] fused ring framework (ring
C and D).19 This intermediate may later involve H-migration
and cyclization of the 6- (ring B) as well as the 5-member (ring
A) ring moieties, respectively, to generate the elaborate 5/6/4/
5 fused tetracyclic diterpene precursor. Oxidization and
esterification of this precursor is envisioned to afford the title
compound 1.
Vulgarisin A (1) was investigated for its cytotoxicities against

two human carcinoma cell lines.23 The results showed that 1
possessed a weak cytotoxicity against human lung carcinoma
A549 cells with an IC50 value of 57.0 μM (the positive control
5-fluorouracil showed an IC50 value of 7.6 μM) but no obvious
cytotoxicity against human cervical carcinoma HeLa 60 cells.
Interestingly, removal of the two hydrophobic isobutyryl
substituents increased the inhibitory activity 3-fold (IC50 =
20.5 μM) against A549 cells.
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