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ABSTRACT

Three novel norfriedelanes, A�C (1�3), were isolated from the branches and roots of Malpighia emarginata. Their structures and absolute
configurations were determined by 1D and 2D NMR techniques and X-ray crystallographic analysis. Norfriedelin A (possessing an R-oxo-β-lactone
group) andnorfriedelinB (with a keto-lactonegroup) showed acetylcholinesterase inhibitory effectswith the IC50 values of 10.3 and28.7μM, respectively.

Acerola (Malpighia emarginata DC) comprises 30 species
of shrubs native to the West Indies. It belongs to the Mal-
pighiaceae family. Until recently, the plant has been known
by the synonymous M. glabra and M. punicifolia, but taxo-
nomic work has resulted in the acceptance ofM. emarginata
as the current scientific name for this plant.1 In China, M.

emarginata was cultivated popularly in the south, such as
GuangXi and GuangDong Provinces, since its fruit is recog-
nized as a functional food due to its high contents of vitamin
C.2 Previous investigations mainly focused on the constitu-
ents and bioactivities of its fruits3 but seldom on those of its
whole plants (leaves, flowers, blanches, and roots).
Friedelanes, a kind of pentacyclic triterpene, showed ex-

tensive bioactivities such as insulin sensitization effects, cyto-
toxicity, aldose reductase inhibition, and antinociceptive
activity.4 Although natural or synthetic A-seco-friedelanes
were reported,5 natural norfriedelane triterpenoids in ring
A have been seldom reported, except for some synthetic
products.6
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Ourchemical investigationof thebranchesandrootsofM.
emarginata resulted in the isolation of three unusual ring A
norfriedelanes,A�C(1�3) (Figure1).NorfriedelinA (1) is a
3-norfriedelane, possessing the R-oxo-β-lactone group, and
norfriedelin B (2) is a 1,2-dinorfriedelane with a keto-lactone
group, while norfriedelin C (3) is a 1,2,3-trinorfriedelane. In
this communication, the isolation and structural elucidation
of compounds 1�3 are described, as well as their acetylcho-
linesterase (AChE) and butyrylcholinesterase (BuChE) in-
hibitory activities and a plausible biosynthetic route.

Compound 1
7 was obtained as optically active colorless

needle crystals ([R]D21 �12.3). The molecular formula
C29H44O4 was established from the positive-ion HREIMS
at m/z 456.3238 [M]þ (calcd 456.3240). The IR spectrum
showed absorptions at 1839, 1763, and 1690 cm�1, reveal-
ing the existence of β-propiolactone and carbonyl groups.
In the 1HNMRspectrumof 1, 8 singletmethyl signalswere
observed occurring at δH 0.94, 0.98, 1.03 (6H, 2 � CH3,
each s), 1.16, 1.27, 1.37, 2.13 (Table 1). The 13C NMR
spectrum gave 29 carbon resonances, which were sorted
into 8 methyls, 9 methylenes, 2 methines, and 10 quatern-
ary carbons (Table 2). Moreover, several important func-
tionalities, including two ketone carbonyls (δC 191.3 s,
211.9 s), one conjugated ester carbonyl (δC 164.1 s), and
one oxygenated quaternary carbon (δC 101.6 s), were also
identified. Taking into consideration 29 carbon atoms, 8
degrees of unsaturation, in combination with the number
of methyls, compound 1 may be formulated of a seco-A-
ring norfriedelane. The 13CNMRdata of the B, C, D, and
E rings were similar to those in friedelin and friedelinol.8

All of the B, C, D, and E rings’ carbon signals were
assigned on the basis of careful analysis of the HMBC,
1H�1H COSY, and HSQC data for 1 (Figure 2a).
In the HMBC spectrum, the oxygenated quaternary

carbon signal at δC 101.6 (s) correlated with two methyl
signals at δH 1.37 (Me-24) and δH 1.27 (Me-25); mean-
while, the conjugated ketone carbonyl (δC 191.3 s) and
ester carbonyl (δC 164.1 s) showed no correlations with
other signals. The 1-keto-2,10-lactone group was deduced
from the above data together with the IR absorption at
1839 cm�1. The ketone carbonyl group at C-4 was estab-
lished by the HMBC correlations of Me-23 (δH 2.13) with
C-4 (δC 211.9) and C-5. The ROESY correlations of Me-
24/Me-25, Me-25/Me-26, Me-28/Me-30 and H-18, and
Me-27/H-8 indicated that their relative configurations
were the same as friedelane-type triterpenes such as
friedelin and friedelinol (Figure 2b).

However, the absolute configuration of C-10 could not
be deduced by the ROESY experiment. X-ray diffraction
analysis of 19 with Cu KR radiation, which resulted in a
Flack parameter of 0.09(15), did confirm the proposed
structure and also allowed unambiguous assignment of the
absolute configuration of 1 as drawn (Figure 3). Finally,
the structure of 1 was deduced as 1,4-dioxo-2,10-lactone
3-norfriedelin and named as norfriedelin A.
Norfriedelin B (2)10 was obtained as colorless crystals

(in CHCl3) and displayed a molecular ion [M]þ at m/z

Figure 1. Structures of norfriedelins A�C (1�3).

Figure 2. 1H�1HCOSY(;) and selectedHMBC(f) correlations
of 1 (a). Selected ROESY correlations (r -f) of 1 (b).
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430.3430 (calcd 430.3447) in the positive HREIMS analy-
sis, consistent with a molecular formula of C28H46O3

incorporating 6 degrees of unsaturation. The IR spectrum
showed the presenceof hydroxyl (3428 cm�1) and carbonyl
(1690 cm�1) groups.
The 13CNMRdata of norfriedelin B (2) (Tables 1 and 2),

with the aid of HSQC experiments, revealed one doublet
methyl (δC 14.1; δH 1.37, d, J = 7.6 Hz), seven tertiary
methyls (δC 17.1, 18.2, 18.4, 19.9, 32.0, 32.1, and 34.7), nine
methylenes, three methines, six sp3 quaternary carbons, one
sp3 oxygenated quaternary carbon (δC 112.5), and one ester
carbonyl carbon (δC180.8). In addition, thehydroxyproton
(δH 2.83) was distinguished by HSQC data which were
supportive of a hydroxyl group, which was in agreement
with the IR spectrum.The above information, especially the
data of one doublet methyl and seven tertiary methyls,
combined with the molecular (C28H46O3) suggested that
compound 2 could be a dinorfriedelane-type triterpenoid.

Careful comparison of the NMR data of 1 and 2 (Tables 1
and 2) showed that the B, C,D, andE ring signals were very
similar.All of theB,C,D, andE rings’ hydrogenandcarbon
signals of 2 were identified by the HMQC, 1H�1H COSY,
and HMBC spectra (see the Supporting Information).
The HMBC correlations from Me-23 (δH 1.37) to C-3

(δC180.8),C-4, andC-5; fromMe-24 (δH1.13) toC-4,C-5,
C-6, and C-10 (δC 112.5); from Me-25 (δH 1.11) to C-10,
C-9,C-8, andC-11; from10-OH (δH2.83) toC-10 andC-5,
along with the 1H�1H COSY correlations of H-4/Me-23,
established the 10-hydroxy-3,10-lactone fragment (ring A)
(Figure 4). The relative configuration of 10-OH was
arbitrarily assigned as R-oriented by the ROESY correla-
tion of 10-OH/H-4R.
Norfriedelin C (3)11 was obtained as colorless crystals

(from CHCl3), mp 210�212 �C. The molecular formula
was determined asC27H44O2 by positive-ionHRESIMS in
conjunction with NMR data. The IR spectrum showed a
carbonyl group (1692 cm�1). The 1H NMR spectrum
(Table 1) showed singlets for eight tertiary methyl groups
at δH 0.82, 0.87, 0.91, 1.03, 1.05, 1.08, 1.17, and 2.06. The
13C NMR spectrum of 3 displayed 27 carbon resonances,
which were assigned by HSQC experiments as 8 methyls, 9
methylenes, 2methines, and 8 quaternary carbons (including
two carbonyl signals at δC 206.3 and 218.2). It could be a
trinorfriedelane-type triterpenoid from the data above.
The 13C NMR data for compound 3 (Table 2) were

closely related to those of 1 except for the absence of the
characteristic resonances for theβ-propiolactone group, as
in 1, and the presence of one lower-field carbon signal atδC
218.2. In the HMBC spectrum (Figure 4), the signal at δC
218.2 correlating with Me-24, Me-25, H-11, and H-6
indicated that the location of the carbonyl group was at

Table 1. 1H NMR Data of 1�3 in CDCl3 (J in Hz)

no. 1a 2a 3b

4 2.16 (q, 7.6)

6 1.98 (m), 1.98 (m) 1.69 (m), 1.24 (m) 2.28 (m), 1.50 (m)

7 1.67 (m), 1.60 (m) 1.48 (m), 1.41 (m) 1.76 (m), 1.56 (m)

8 1.72 (m) 1.77 (m) 1.56 (m)

11 1.89 (m), 0.95 (m) 1.99 (m), 1.15 (m) 1.33 (m), 1.27 (m)

12 1.36 (m), 1.36 (m) 1.41 (m), 1.34 (m) 1.60 (m), 1.49 (m)

15 1.50 (m), 1.33 (m) 1.47 (m), 1.27 (m) 1.39 (m), 1.24 (m)

16 1.56 (m), 1.38 (m) 1.55 (m), 1.36 (m) 1.44 (m), 1.29 (m)

18 1.53 (m) 1.52 (m) 1.49 (m)

19 1.35 (m), 1.18 (m) 1.38 (m), 1.21 (m) 1.26 (m), 1.16 (m)

21 1.44 (m), 1.28 (m) 1.44 (m), 1.27 (m) 1.37 (m), 1.19 (m)

22 1.51 (m), 0.94 (m) 1.52 (m), 0.93 (m) 1.43 (m), 0.86 (m)

23 2.13 (s) 1.37 (d, 7.6) 2.06 (s)

24 1.37 (s) 1.13 (s) 1.17 (s)

25 1.27 (s) 1.11 (s) 1.05 (s)

26 1.03 (s) 1.01 (s) 1.03 (s)

27 1.03 (s) 1.04 (s) 0.82 (s)

28 1.16 (s) 1.16 (s) 1.08 (s)

29 0.98 (s) 0.98 (s) 0.91 (s)

30 0.94 (s) 0.94 (s) 0.87 (s)

aDetermined at 600 MHz. bDetermined at 500 MHz.

Figure 3. Single-crystal X-ray diffraction of norfriedelin A (1).

Table 2. 13C NMR Data of 1�3 in CDCl3

no. 1a 2a 3b no. 1a 2a 3b

1 191.3 s 16 35.9 t 35.8 t 35.5 t

2 164.1 s 17 30.2 s 30.0 s 30.0 s

3 180.8 s 18 42.9 d 42.7 d 43.0 d

4 211.9 s 51.0 d 206.3 s 19 35.3 t 35.1 t 35.1 t

5 59.4 s 43.8 s 61.2 s 20 28.4 s 28.2 s 28.1 s

6 33.0 t 40.4 t 28.9 t 21 32.9 t 32.8 t 32.8 t

7 17.2 t 17.6 t 16.4 t 22 39.2 t 39.0 t 38.8 t

8 44.7 d 44.3 d 42.9 d 23 24.7 q 14.1 q 25.9 q

9 42.0 s 41.9 s 47.2 s 24 21.0 q 17.1 q 22.9 q

10 101.6 s 112.5 s 218.2 s 25 19.2 q 18.2 q 21.6 q

11 28.3 t 26.0 t 29.7 t 26 20.0 q 19.9 q 19.7 q

12 29.4 t 29.4 t 30.1 t 27 18.6 q 18.4 q 18.1 q

13 39.8 s 39.5 s 39.3 s 28 32.3 q 32.1 q 31.8 q

14 38.5 s 37.9 s 39.1 s 29 32.2 q 32. 0 q 32.1 q

15 32.3 t 32.3 t 31.4 t 30 34.9 q 34.7 q 34.5 q

aDetermined at 150 MHz. bDetermined at 125 MHz.

(11) Norfriedelin C (3): mp 210�212 �C; colorless crystals; [R]D21
þ10.3 (c 0.34, CHCl3); UV (CHCl3) λmax (log ε) 209 (2.57) nm; IR
(KBr) νmax 2951, 2926, 2868, 1692, 1462, 1387, 1359, 1142, 1052, 1015,
977 cm�1; 1H and 13CNMR, see Tables 1 and 2; positive ESIMSm/z 423
[M þ Na]þ, m/z 439 [M þ K]þ; positive HREIMS m/z 400.3328 [M]þ

(calcd for C27H44O2 [M]þ, 400.3341).
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C-10. The HMBC correlations of Me-23/C-4 (δC 206.3)
andC-5,Me-24/C-4, C-5, C-6, andC-10 further determined
the two carbonyl groups at C-4 and C-10, respectively.
Plausible biogenetic pathways for 1�3 have been pro-

posed inScheme1.Thenewnorfriedelanemight be derived
from the natural friedelin (4), which was also isolated from
this plant. Friedelin would be translated to cerin, calotrop-
friedelenol, or friedelane-1,3-dione by oxidation or reduc-
tion since friedelin and three of them could be present in the
plants.12 Further oxidation, dehydration, or oxidative dec-
arboxylation could afford compounds 1�3, respectively.
Hypothetically, inhibitors of AChE could increase the

efficiency of cholinergic transmissions by preventing from
the hydrolysis of released acetylcholine (Ach), which has
been reported to be associatedwith the onset ofAlzheimer’s
disease (AD).13 Therefore, enhancement of ACh levels by
using potent AChE inhibitors in the brain has been con-
sidered to be an effective approach for treating AD.14

The AChE and BuChE inhibitory activities of com-
pounds 1�3 were assayed using the Ellman method
(details in Supporting Information).15 Compounds 1 and
2 showed AChE inhibitory activities with IC50 values of
10.3 and 28.7 μM, respectively, and compound 2 also
showed weak BuChE inhibitory activity (% inhibition
was 33.7% at a concentration of 50 μM). Tacrine was used
as the positive control (AChE inhibition IC50 0.26 μM;
BuChE inhibition percentage was 52% at a concentration
of 0.33 μM). Compound 3 was inactive at 50 μM.
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Scheme 1. Plausible Biogenetic Routs of 1�3

Figure 4. Key HMBC (f) correlations of 2 and 3.
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