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Abstract—A new amino-substituted p-benzoquinone was isolated from the roots of Cynanchum wilfordii,
together with the five known acetophenones: 2’,5'-dihydroxyacetophenone, 4'-hydroxyacetophenone, 27,4'-
dihydroxyacetophenone, 4’-hydroxy-3'-methoxyacetophenone and cynandione A. The structure of new com-
pound was elucidated as 2-acetyl-3,6-diamino-1,4-benzoquinone. © 1997 Elsevier Science Ltd

INTRODUCTION

Cynanchum wilfordii Hemsley has been used as a tonic
in Korea [1, 2]. The isolation of several C/D-cis-
polyoxypregnane esters and their glycosides from this
plant has already been reported [3-3]. In this paper,
we report on the isolation and structural elucidation
of a new benzoquinone, 2-acetyl-3,6-diamino-1,4-
benzoquinone (1), along with five known ace-
tophenones (2-6).

RESULTS AND DISCUSSION

The 80% MeOH extract of dried root of C. wilfordii
was extracted with n-hexane, chloroform and »n-
BuOH. Repeated chromatography of the first two
extracts on silica gel afforded 1 and 2 from the chloro-
form extract and 3-6 from the n-hexane extract,
respectively. Compounds 2—6 were identified as 2°,5"-
dihydroxyacetophenone (2) [6], 4’-hydroxyaceto-
phenone (3) [7], 2’,4’-dihydroxyacetophenone (4) [8],
4’-hydroxy-3'-methoxyacetophenone (5) [9] and cyn-
andione A (6) [10] by comparison with previously
reported spectroscopic data.

The molecular formula of 1 (CiHN,0,) was
assigned by HR EI mass spectroscopy and the "C
NMR data. Compound 1 was isolated as a dark red
amorphous powder and reacted positively to the
ninhydrin test. Its mass spectrum showed fragment
ion peaks at m/z 165, 137, 109 and 81 formed by the
stepwise loss of an acetyl group and two molecules of
carbon monoxide from the molecular ion (m/z 180).
These findings indicated the presence of an acetyl-
substituted benzoquinone moiety in 1 [11], and this
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was further supported by the quinonoid (6 174.09,
177.22) and acetyl (6 198.23, 32.18) signals in the *C
NMR and DEPT spectra. In the UV-visible spectrum,
the strong bathochromic shifts of the 7 — n* tran-
sition at 304 and 325 nm, compared with those of a
1,4-benzoquinone (A, at 246 and 288 nm), suggested
the presence of electron-donating substituents such as
amino or polyalkoxy (polyhydroxy) groups [12]. Its
IR spectrum exhibited the absorption bands for a
primary amino group at 3339 and 3294 cm™'. The
three intensive bands at 1600, 1560 and 1543 cm ™!,
shifted to lower wavenumbers when compared with
the p-quinonoid carbonyl absorption of a parent 1,4-
benzoquinone (1671 cm™'), revealed the tautomeric
interconversion of 1 to a coupled merocyanine struc-
ture as well as the presence of hydrogen bonding
between the amino groups in the ortho position and
the quinone carbonyl group [12-14]. 'H-'H and 'H-
BC COSY experiments showed that 1 was a tri-
substituted p-benzoquinone with an acetyl [0y 2.46
(3H, s)} and two primary amino [5y 10.85, 8.95, 8.26
and 7.61 (each 1H, br s)] groups, which were further
supported by the two significant mass fragment peaks
resulting from the fission of the diamino-benzo-
quinone ion into two halves with hydrogen transfers
(m/z 68) and the formation of the diamino-cyclo-
butadiene(?) ion (m/z 81) [11, 12, 15]. As a result
of restricted rotation, both NH, groups showed four
broad signals which were lost on D,O exchange [13,
14, 16]. In the '*C NMR data, the chemical shifts for
the quinone carbonyl carbons at § 177.22 and 174.09
(C-1, C-4) and the amino substituted carbons at ¢
157.39 and 154.34 (C-3, C-6) fell within the very nar-
row range of about 3 ppm. Thus, the two amino sub-
stituents must be located at C-3,6 or C-5,6 of the 2-
acetyl-1,4-benzoquinone skeleton, which was sup-
ported by the small difference in frequencies for two
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quinonoid carbonyl bands in the IR spectrum [12].
The positions of the acetyl and amino substituents in
1 were confirmed from the proton-detected het-
eronuclear multiple bond correlation (HMBC) spec-
trum, which showed distinct cross-peaks of cor-
relation through three bonds from the quinonoid pro-
ton at & 5.61 (H-5) to the amino-substituted carbon
at 4 157.39 (C-3) and the quinone carbonyl carbon at
4 177.22 (C-1) signals, whereas the carbonyl carbon
of the acetyl group at é 198.23 (C-1") was not con-
nected with the quinonoid proton (H-5). Moreover,
the cross-peaks were not observed from the quinonoid
proton (H-5) to the carbon signals at § 154.34 (C-6)
and ¢ 174.09 (C-4) since the two-bond C—H coupling
constant is about zero in 1,4-benzoquinone [17]. From
all the above data, the structure of 1 was elucidated
as 2-acetyl-3,6-diamino-1,4-benzoquinone. Com-
pound 1 has not been reported previously in nature
although 1 was known as a synthetic compound [14].

EXPERIMENTAL

General. Mps: uncorr.; EIMS and HR-EIMS: VG-
Trio 2 and Hewlett-Packard 5890-JMS AXS05WA
mass spectrometer at 70 eV, respectively; NMR: 400
MHz ('"H) and 100 MHz (*C), with reference to the
residual solvent signals; TLC: precoated silica gel 60
F,ss (Merck) and detection by spraying with ani-
saldehyde-10% H,SO, following by heating; CC: sil-
ica gel (230-400 mesh, Merck).

Plant material. The roots of Cynanchum wilfordii
Hemsley were purchased from a commercial supplier
in Seoul, Korea, and identified by Dr Dae Suk Han,
an emeritus professor of the College of Pharmacy,
Seoul National University. A voucher specimen has
been deposited in the herbarium of our institute.

Extraction and isolation. The air-dried roots of C.
wilfordii (5 kg) were cut into pieces and extracted with
80% MeOH. The MeOH extract was evapd in vacuo
to give a crude extract (950 g), which was successively
extracted with n-hexane, CHCl, and »n-BuOH. The
CHCl; layer (126 g) was fractionated by CC over silica
gel using a CHCl;-MeOH gradient to give 15 frs. Fr.
6 (14.7 g) was subjected to repeated CC over silica
gel with n-hexane-EtOAc (20: 1) and #-hexane-Me,CO
(4:1) to give 2-acetyl-3,6-diamino-1,4-benzoquinone
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(1) (3.4 mg) and 2",5'-dihydroxyacetophenone (2) (12
mg). The n-hexane layer (10.5 g) was chro-
matographed on silica gel, eluting with a n-hexane-
EtOAc gradient to afford 4"-hydroxyacetophenone (3)
(44 mg), 2',4'-dihydroxyacetophenone (4) (143 mg),
4’-hydroxy-3’-methoxyacetophenone (5) (13 mg) and
cynandione A (6) (27 mg).

2-Acetyl-3,6-diamino-1,4-benzoquinone (1). Dark
red amorphous powder, mp > 300°; HR-EIMS,
Found, m/z 180.0536; Calcd. for M™*, C;HN,O;:
180.0535; EIMS m/z (rel. int.): 180 [M]* (47), 165 (11),
152 (6), 137 (45), 124 (8), 109 (18), 82 (9), 81 (7), 68
(100), 55 (9), 54 (22); UV ADMSC nm (log £): 477 (2.87),
325 (4.34), 304 (4.21); IR v§25 cm~': 3339 and 3294
(NH,), 1600, 1560, 1543, 1459; '"H NMR (DMSQ-d):
o 2.46 (3H, s, 2’-Me), 5.61 (iH, s, H-5), 7.61, 8.26,
8.95, 10.85 (each 1H, br s, 3-NH, and 6-NH,); C
NMR (DMSO-d;): 6 32.18 (C-2"), 96.65 (C-5), 104.77
(C-2), 154.34 (C-6), 157.39 (C-3), 174.09 (C-4), 177.22
(C-1), 198.23 (C-1).
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