Notes

Bull. Korean Chem. Soc. 2011, Vol. 32, No.7 2443
DOI 10.5012/bkes.2011.32.7.2443

Notes

New Cytotoxic 6-Valerolactones from Cornus walteri

Ki Hyun Kim, Young June Shin, Sang Un Choi,” and Kang Ro Lee"

Natural Products Laboratory, School of Pharmacy, Sungkyunkwan University, Suwon 440-746, Korea
"E-mail: krlee@skku.ac.kr
"Korea Research Institute of Chemical Technology, Daejeon 305-600, Korea
Received April 20, 2011, Accepted May 23, 2011

Key Words : Cornus walteri, Cornaceae, 6-Valerolactone, Cytotoxicity

Cornus walteri Wanger (Cornaceae) is a deciduous shrub
distributed in valley areas of Asia.! Its fruits and leaves have
been used in Chinese folk medicine for treatment of
inflammation of the skin or boils caused by lacquer poison,’
and Koreans have used its leaves as an antidiarrheal.®> The
presence of metabolites including gallic acid and flavonoids
from previous investigations on C. walteri was confirmed.>?
Extracts of C. walteri were found to inhibit NO production
in lipopolysaccharide (LPS)-activated macrophages.* Extracts
also inhibited elastase and tyrosinase, and had anfi-hyper-
glycemic, and anti-obesity effects.>® In our search for bio-
active constituents from Korean medicinal plants, we found
that a methanol extract of stems and stem bark of C. walteri
had considerable cytotoxicity against some cancer cell lines,’
and recently reported the identification of triterpenoids with
cytotoxicity from the n-hexane-soluble fraction of the ex-
tract.” In our continuing efforts to study the active con-
stituents of the MeOH extract, six d-valerolactones (1-6)
were isolated from the CHCls-soluble fraction of the MeOH
extract using bioassay-guided fractionation (Figure 1). Two
of these compounds (1-2) are new, while two others (3-4)
have been previously reported but only as synthetic pro-
ducts. We report herein the isolation, structural elucidation
(1-4), and cytotoxicity of all of the isolated compounds.

Compound 1 was obtained as a colorless gum. The mole-

Table 1. "H NMR and '*C NMR spectral data of compounds 1-4°

cular formula was established as CsHzO; (3 degrees of
unsaturation) evidenced from the [M+H]" peak at m/z
129.0550 (caled. for CsHoO3: 129.0552) in the HR-ESIMS.
In compliance with the formula, the presence of hydroxyl
and ester carbonyl groups in the molecule could be proposed
from the IR absorption bands of 1 at 3362 and 1703 cm™.
The 'H NMR spectrum of 1 (Table 1) indicated the presence
of an olefinic proton at oy 5.77 (1H, s, H-3), an oxygenated
methine at &y 4.15 (1H, dd, J = 4.5, 4.0 Hz, H-5), and a
methyl group at 8 2.06 (3H, s, H-7). The 'H NMR signals
for an oxygenated methylene group at dy 4.37 (1H, dd, J =
12.0, 4.0 Hz, H-6a) and 4.33 (1H, dd, J = 12.0, 4.5 Hz, H-6b)
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Figure 1. Chemical structures of compounds 1-6.

1 2 3 4
H/C IH ]3C ]H 13C IH ]3C ]H 13C
2 164.3 164.0 176.6 176.5
2.73 dd (17.5,9.0) 2.75 dd (17.5,9.0)
3 5.77s 117.3 5.80s 117.6 222 dd (17.5, 9.0) 372 224.dd (175, 9.0) 372
4 158.9 158.4 251m 31.3 252m 31.3
5 4.15dd (4.5,4.0) 64.6 4.16dd (4.5,4.0) 648 4.13m 87.4 4.13m 87.3
437 dd (12.0, 4.0) 439 dd (12.0, 4.0) 3.89dd (12.5,2.5) 3.92.dd (12.5,2.5)
©  433dd(120,45 V7 436dd (12,0, 4.5 1O 366dd (12.5,45) 08 3.69dd (12.5,45) 028
7 2.06s 20.1 2.07s 20.1 1.16 d (6.5) 17.9 1.18d (6.5) 17.9

“"H NMR (500 MHz) and *C NMR (125 MHz) in CDCls. Chemical shifts are given in 8 values. Proton coupling constants (J) in Hz are given in

parentheses.
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Figure 2. Key 'H-'H COSY (——) and HMBC (=) correlations of 1-4.

were also observed and the 'H-'H COSY correlation from
H-5 to H»-6 indicated the presence of the fragment (-CH-
CH,-). Furthermore, the co-occurrence of a double bond at
C-3/4 and a methyl group at C-4 was deduced from the
HMBC experiment showing correlations of H-7 (6 2.06)/C-
3 (8¢ 117.3) and C-5 (3¢ 64.6) and correlation of H-5 (On
4.15)/C-3 (8¢ 117.3) (Figure 2). The chemical shift of C-2
(¢ 164.3) indicating an ester carbonyl group and the
unsaturation index suggested the skeleton of 1 to be 6-
valerolactone. That hypothesis was reinforced by the HMBC
correlation of H-3 (8u 5.77) with C-2 (8¢ 164.3) and the
correlation of H-6 (g 4.37 and 4.33) with C-2 (d¢ 164.3),
which finally led to the establishment of the planar structure
for 1 (Figure 2). The absolute configuration of C-5 was
determined using a modified Mosher’s method.” Treatment
of 1 with (R)- and (S)-MTPA-CI gave the (S)- and (R)-
MTPA esters 1s and 1r, respectively. The '"H NMR signals
of the two MTPA esters were assigned on the basis of their
'H-"H COSY spectra, and the AS values (85 — 8z) were then
calculated (Figure 3, see the Supporting Information). The
results indicated that the absolute configuration of C-5 was
R. Thus, compound 1 was assigned as (R)-5,6-dihydro-5-
hydroxy-4-methyl-2 H-pyran-2-one (walterolactone A).
Compound 2 was also obtained as a colorless gum with
the molecular formula C¢HgOj; based on the [M + H]" peak at
m/z 129.0557 (caled. for C¢HoO3: 129.0552) in the HR-
ESIMS. The 'H and '*C NMR spectra of 2 (Table 1) were
almost identical to those of 1. The planar structure of 2 was
confirmed by a set of 2D NMR experiments (Figure 2) that
led to the exact assignment of all "H and '*C NMR signals of
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Figure 3. A5 Values (85— 6z) in ppm of the two MTPA esters
derived from 1-4.

Notes

2 (Table 1). However, the optical rotation of 2 ([oc]é5 :
+28.3) was almost of the same value but of opposite sign to
that of 1 ([oc]é5 : —31.5), which suggested that compound 2
could be an enantiomer of 1. Similarly as described for 1, the
absolute configuration of C-5 in 2 was determined using a
modified Mosher’s method,” which proved the S-configu-
ration for C-5 (Figure 3, see the Supporting Information).
Thus, compound 2 was characterized as (S)-5,6-dihydro-5-
hydroxy-4-methyl-2 H-pyran-2-one (walterolactone B).

Compounds 3 (CsH100Os) and 4 (CsH;003) were isolated as
colorless gums showing an [M + H]" peak at m/z 131.0711
and 131.0713 (calcd. for CsH1103: 131.0708) in the HR-ESI-
MS, respectively. Their NMR spectral data (Table 1) were
almost identical to each other, and displayed the pre-
sence of one ester carbonyl, one methyl, two methylenes,
one methine, and one hydroxylated methine, which were in
agreement with those of cis-B-methyl-y-hydroxy-d-valero-
lactone.® The planar structures of 3 and 4 were confirmed by
2D NMR experiments (Figure 2). The COSY spectrum
revealed a spin system composed of H-3/H-4/H-5/H-6, and
HMBC correlations of H-7/C-3, H-7/C-5, H-5/C-3, H-4/C-2,
and H-6/C-2 were shown in their HMBC spectrum (Figure
2), indicative of the presence of a methyl group at C-4 and
an ester carbonyl group at C-2. The cis-configuration bet-
ween the methyl group at C-4 and the hydroxyl group at C-5
of 3 and 4 was assigned by the chemical shift (5y 4.13 for 3;
Ou 4.13 for 4) of H-5, which was in agreement with that of
cis-p-methyl-y-hydroxy-6-valerolactone (6n 4.12-4.18 for
cis-form; &y 4.50-4.55 for trans-form).® Finally, their ab-
solute configuration of C-5 was determined using the modi-
fied Mosher’s method as described for 1,7 which proved the
S-configuration for C-5 of 3 and the R-configuration for C-5
of 4 (Figure 3, see the Supporting Information). Therefore,
the structures of 3 and 4 were clucidated as (4S,55)-
tetrahydro-5-hydroxy-4-methyl-2 H-pyran-2-one  (waltero-
lactone C) and (4R,5R)-tetrahydro-5-hydroxy-4-methyl-2 H-
pyran-2-one (walterolactone D), respectively.

Known compounds were identified as (R)-4-methyl-
tetrahydro-2H-pyran-2-one (5)° and 4-methyl-5,6-dihydro-
2-pyranone (6)'° by comparison of physicochemical and
spectroscopic data with previously reported literature values.

Table 2. Cytotoxicity of compounds 1-6 against four cultured
human cancer cell lines using an SRB bioassay in vitro

1Cso (uM)*
Compound
A549 SK-OV-3 SK-MEL-2  HCT-15
1 >30.0 >30.0 23.94 >30.0
2 >30.0 >30.0 21.10 >30.0
3 27.23 >30.0 28.43 >30.0
4 27.89 >30.0 22.68 >30.0
5 >30.0 >30.0 23.38 >30.0
6 28.45 5.76 4.75 28.12
Doxorubicin®  0.007 0.006 0.001 0.182

“ICso value of compounds against each cancer cell line, which was
defined as the concentration (uM) that caused 50% inhibition of cell
growth in vitro. "Doxorubicin as a positive control.
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To the best of our knowledge, this is the first study to report
the presence of d-valerolactones in the genus Cornus.

In this study, the cytotoxicities of 1-6 against the A549,
SK-OV-3, SK-MEL-2, and HCT15 human cancer cell lines
were evaluated using the Sulforhodamine B (SRB) bioassay
in vitro."" The results of this bioassay (Table 2) showed that
all the tested d-valerolactones (1-6) exhibited consistent
cytotoxicity against the SK-MEL-2 cell line with ICs, values
in the range of 4.75-28.43 uM. In particular, compound 6
showed significant cytotoxicity against all of the cell lines
tested with ICsy values of 28.45, 5.76, 4.75, and 28.12 uM,
respectively, for the A549, SK-OV-3, SK-MEL-2, and HCT-
15 cell lines. These bioactivity data suggest that these com-
pounds may be good bioactive molecules for the treatment
of various cancers.

Experimental Section

Plant Materials. Stems and stem bark of C. walferi were
collected on Jeju Island, Korea, in October, 2005, and the
plant was identified by one of the authors (K.R.L.). A
voucher specimen (SKKU 2005-10a) was deposited in the
herbarium of the School of Pharmacy, Sungkyunkwan
University, Suwon, Korea.

Extraction and Isolation. Stems and stem bark of C.
walteri (2.5 kg) were dried, chopped, and extracted with
80% MeOH (2 x 6 h) under reflux and filtered. The filtrate
was evaporated under vacuum to obtain a MeOH extract
(220 g), which was suspended in distilled H,O (7.2 L) and
then successively partitioned with n-hexane, CHCIls, and n-
BuOH, yielding 9.5, 25.0, and 43.0 g of residue, respective-
ly. Each fraction was evaluated for cytotoxicity against
human tumor cell lines, the A549, SK-OV-3, and SK-MEL-
2 cell lines, using a SRB bioassay. We selected the CHCl;-
soluble fraction for current phytochemical investigation,
since the CHCIz-soluble fraction showed significant cyto-
toxic activity against tested tumor cell lines. Purification of
six &-valerolactones (1-6) was described in the Supporting
Information.

Walterolactone A (1): Colorless gum, [oc]?f: -31.5 (c
0.45, CHCL3); UV (MeOH) Amax (log €): 219 (3.0) nm; IR
(KBr): Vinax = 3362, 2947, 2833, 1703, 1452, 1032, 671 cm™';
'H and C NMR, see Table 1; ESI-MS: m/z =129 [M + H][;
HR-ESI-MS: m/z = 129.0550 [M + H]" (calcd. for C¢HyOs:
129.0552).

Walterolactone B (2): Colorless gum, [oc]2DS: +28.3 (c
0.40, CHCL3); UV (MeOH) Amax (log €): 219 (3.2) nm; IR
(KBr): Vinax = 3362, 2947, 2833, 1703, 1453, 1033, 671 cm™';
'H and '*C NMR, see Table 1; ESI-MS: m/z=129 [M + HJ;
HR-ESI-MS: m/z = 129.0557 [M + H]" (calcd. for C¢HyOs:
129.0552).

Walterolactone C (3): Colorless gum, [a]zDS: +36.4 (c
0.55, CHCL;); IR (KBr): vmax = 3375, 2946, 2833, 1759,
1452, 1032, 671 cm™; 'H and '*C NMR, see Table 1; ESI-
MS: m/z=131 [M +H]"; HR-ESI-MS: m/z = 131.0711 [M +
HJ" (calcd. for C¢Hy10;5: 131.0708).

Walterolactone D (4): Colorless gum, [oc]zDS: -41.0 (c
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0.10, CHCL); IR (KBr): vmax = 3356, 2947, 2833, 1758,
1452, 1032, 671 cm™'; 'H and '*C NMR, see Table 1; ESI-
MS: m/z=131 [M + H]"; HR-ESI-MS: m/z = 131.0713 [M +
H]" (calced. for C¢Hi105: 131.0708).

Preparation of the (R)- and (S)-MTPA Ester Derivatives
of 1-4. To a stirred solution of 1 (6.0 mg) in pyridine (400
pL) was added 4-(dimethylamino)pyridine (3 mg) and (S)-
(+)-a-methoxy-a-(trifluoromethyl)phenylacetyl  chloride
(MTPA-Cl, 10 pL). The mixture was stirred at room
temperature for 16 h. The reaction mixture was then passed
through a silica gel Waters Sep-Pak Vac 6¢cc and eluted with
n-hexane-EtOAc (1:1) to give the respective (R)-Mosher
ester 1r. Treatment of 1 (6.0 mg) with (R)-MTPA-CI (10 pL)
as described above yielded the corresponding (S)-MTPA
ester 1s. Similarly, treatment of 2-4 with (S)- and (R)-
MTPA-CI afforded the respective Mosher esters 2r, 2s, 3r,
3s, 4r, and 4s.

A detailed description of the bioassays is available as the
Supporting Information. The positive control, doxorubicin
(purity > 98%) was purchased from the Sigma Corporation.
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details, '"H NMR data of the (S)- and (R)-MTPA esters of 1-
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