Phytochemistry, Vol. 22, No. 6, pp. 1493-1497, 1983.
Printed in Great Britain.

0031-9422/83/061493-05$03.00/0
Pergamon Press Ltd.

ACRIDONE ALKALOIDS AND A COUMARIN FROM CITRUS GRANDIS*

TIAN-SHUNG Wu, CHANG-SHENG KUOHt and HirOSHI FURUKAWATL

Faculty of Pharmacy, Meijo University, Tempaku, Nagoya 468, Japan; +Chia-Nan Junior College of Pharmacy, Tainan, Taiwan

(Revised received 22 November 1982)

Key Word Index—Citrus grandis; Rutaceae; root bark; acridone alkaloids; grandisine-I; grandisine-II; grandisinine;

coumarin; 5-methoxyseselin; 'H NMR; !*C NMR.

Abstract—The constituents of the root bark of Citrus grandis f. hakunikuyu were studied and new acridone alkaloids,
grandisinine, grandisine-1, and grandisine-II, and a new coumarin, 5-methoxyseselin, were isolated and characterized.

INTRODUCTION

‘Bai-Yw’, the fruit of Citrus grandis Osb. f. hakunikuyu
Hayata, is well-known as a folk medicine used as an
expectorant and for the treatment of eodema, abdominal
pain and stomach ache [1]. From a folk medicinal and
chemotaxonomical viewpoint we are interested in the
constituents of plants of the genus Citrus, and we have
already reported the isolation of several new acridone
alkaloids from C. depressa [2, 3] and C. sinensis Osb. var
brasiliensis [4]. The present report describes the isolation
and structure elucidation of three new acridone alkaloids
named, grandisinine (1a), grandisine-I (2a) and
grandisine-1I (2b), and a new coumarin, 5-methoxyseselin
(5). Along with these new compounds, prenyicitpressine
(1c), glycocitrine-I (le), citpressine-I (2¢), -II (2d),
citrusinine-I  (2e), S-hydroxynoracronycine  (3a),
citracridone-I (3b), -II (3c), N-methylatanine (4a), pre-
skimmianine (4b), xanthyletin (7a), xanthoxyletin (7b),
clausarin (8) and p-hydroquinone were also isolated and
characterized.

RESULTS AND DISCUSSION

The acetone extract of the root bark of C. grandis
collected in Taiwan was subjected to Si gel CC affording
18 components.

Grandisinine (la), yellow plates from acetone,
C,:H,3NOg ([M]* 369), mp 194-196°, showed a green
color with ethanolic ferric chloride. Its UV spectrum
exhibited absorptions at 4_,, nm: 224, 262, 270, 334, and
394, characteristic of the 9-acridone nucleus [5]. The IR
absorption at 3500 cm ™!, a bathochromic shift of UV
bands with aluminium chloride or sodium methoxide and
'H NMR signals at § 14.31 (1H, s) and 9.08 (1H, 5) (both
exchangeable with D,0) revealed the presence of two
phenolic hydroxyl groups and these data, coupled with the
IR band at 1620 cm™?, suggested that one of them was
chelated with a 9-carbonyl group. The 'H NMR spectrum
(in acetone-ds) showed three three-proton singlets at
63.57, 3.87 and 3.90 due to an N-Me and two methoxy
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Wu, T.-S. and Furukawa H. (1983) Chem. Pharm. Bull. 31, 111.
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groups, respectively. In the aromatic proton region, ortho-
located proton signals at §7.84 and 6.88 (each 1H, d, J
= 9 Hz), and a lone aromatic proton (H-2 or H-4) signal at
6.33 (1H, s) were observed. The lower field signal at 6 7.84
was assignable to H-8, which was affected by the deshield-
ing of the 9-carbonyl moiety. Furthermore, the presence
of a prenyl group in the molecule was inferred from the
'H NMR signals at § 1.69 (3H, s), 1.79 (3H, 5), 3.48 (2H, d,
J = THz)and 5.24 (1H, m), mass spectral fragments at m/z
301 [M —68]*, and the '3C NMR signals at 517.9 (g),
25.6 (q), 26.0 (r) and 123.8 (d). In the '3C NMR spectrum
of grandisinine, signals of an N-Me carbon and a
methylene carbon appeared at §48.1, and 26.0, respect-
ively. These chemical shift values suggested that both peri-
positions (C-4 and C-5) of the N-Me group were sub-
stituted and that the prenyl group was located at C-4 [6].
Methylation of grandisinine with methyl iodide—
potassium carbonate afforded a yellow syrup, which was
identified as 0,0,0-trimethylprenylcitpressine (1b) pre-
pared from an authentic sample of prenylcitpressine (1¢)
[2, 3] by comparison of IR, 'H NMR and mass spectra. In
order to determine the location of the phenolic hydroxyl
group, an NOE experiment for the methoxymethyl ether
(1d) prepared from grandisinine with chloromethylmethyl
ether and sodium hydroxide in the presence of phase-
transfer catalyst was carried out. On irradiation at the
frequency corresponding to the methylene protons of the
methoxymethyl ether moiety at 4 5.33, a 22.9 9/ enhance-
ment of the signal of H-7 at §7.11 was observed. On the
basis of these results, grandisinine should be represented
by formula 1a.

Grandisine-I (2a) (mp 262-264°) and -II (2b) (mp
266-268°) were isolated as yellow needles from acetone,
and had the same molecular formula of
Cy6HsNO; ([M]* 301). These two alkaloids showed a
similar UV absorption characteristic of the 9-acridone
system [5], and the same color reaction with ethanolic
ferric chloride. Furthermore, 'HNMR spectra (Table 1)
of these alkaloids also showed a similar signal pattern, viz.
signals of two methoxyl, an N-Me, ortho- and meta-
coupled aromatic protons, and a lower field hydrogen-
bonded hydroxyl proton. Methylation of grandisine-1and
-II with diazomethane afforded the same O-methyl ether,
which was identical to an authentic sample of citpressine-
11 (2d) [2, 3] by comparison of IR, 'HNMR and mass
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spectra. For the determination of the location of hydroxyl
groups in each molecule, 'H NMR spectra (in acetone-dy)
of the corresponding deuteriomethyl ethers prepared by a
treatment of each phenolic alkaloids with deuterio-
CH N, were compared to that of citpressine-1I (2d). In
the '"HNMR spectrum (in acetone-d,) of citpressine-II
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{2d), three methoxy signals appeared at §3.96, 3.84, and
4.06, and the assignment of these signals to methoxyls at
C-3, C-5, and C-6, respectively, was already established by
the NOE experiments [ 2, 3]. In the 'H NMR spectrum (in
acetone-(d,) of grandisine-I O-deuteriomethyl ether, lack
of the signal corresponding to OMe-5 at J 3.84 suggested



1495

Constituents of Citrus grandis

B1ads YN D¢, Ul 3urdnodop 3ARI9[es AQ PSWLIgUod a1om sjustudissy't
‘paueyooiur oq ued 1duosiodns Sy Yum sonjeA 4
‘uoneIanap uo sjqeadueyoxyg,
“[D@D ut pI pue qf pue °p-2u0i0e + 'p-OSWA + F1DAD W 4T °p-OSINA + F1DAD W ¥Z *°p-5u0iade Ul pap1odal sem €y punoduro)

(W HD $T'S (ZHL = T HDETS (W ‘HI)PTS
(ZHL=r ‘P ‘HOWE (HL=r‘PHILYE (ZHL=r P ‘HY)8PE
(sHEOYLLT (s ‘HEISL'T (s ‘HOY6L'T
(s ‘HE)OL'T (s ‘HE)OL'T — — (5 ‘HE) 691 1Auaid
@H6=r'PHI6L (@HOI=rPHDOL @HS=rP'HUS0S (CHOI=rPHU¥6L @H6=—1 ‘P ‘HDSL $-H
EH6=rPHDII'L (@HOI=rP‘HINO089 (@HS=r‘PHIEOL @HOI=r‘P‘HDIOL (H6=—r ‘P HI)889 L'H
(s ‘He) £5°¢ 6 ‘HD €€°S (s ‘HE) 96°€ (s ‘HE) 00F (s ‘HE) 90P +(49 ‘H1) 80'6 9-30
s ‘HE) 68°€ s ‘HE) T6°E (s ‘HE) LLE +s‘HD 10'8 ¥ ‘He) 06°E $-40
Ms ‘HE) LS°E s ‘HE) 88°€ s ‘HeE) s6°¢ s ‘HE) YOy ¥ ‘He) LS€ IN-N
— — @HT=rP'HDIE9 (@HTI=r P ‘HIOLI — +H
(s ‘HE) 68°€ s ‘HE) T6°€E «5 ‘HI)£€6 s "HE) 06°€ (s ‘HE) L8°€ €40
¢ ‘HDVE9 HDEE9 @EHT=rPHDIT9 (@HTIT=r'PHDITI @H s ‘HI€£9 TH
«(5 ‘H1) LOP1 (s ‘HE)9v'e o5 ‘HD ev vl «5 ‘HT) 9991 5 ‘HI) 1€%1 140
PI q qz 14 L1

SSATIEALISp JI9) pUE SPIO[EN[e SUOPLIJE Jo YN H, ‘T 198l



1496

structure 2a for grandisine-I, and in that of grandisine-1I
O-deuteriomethyl ether, absence of the signal correspond-
ing to OMe-3 at 63.96 showed structure 2b for
grandisine-II. As expected, citpressine-I (2¢) O-
deuteriomethyl ether showed no signal at 64.06 in the
'"HNMR spectrum.

The known acridone alkaloids, prenylcitpressine (1¢)
[2, 3], glycocitrine-I (1e) [6], citpressine-I (2¢) [2, 3], -1I
(2d) [ 2, 3], citrusinine-I (2¢) [ 4], 5-hydroxynoracronycine
(3a) [2, 3], and citracridone-I (3b) [2, 3] and -II (3¢) [ 2, 3]
were also isolated and identified by comparison with
authentic samples (IR, 'HNMR and mass spectra).

5-Methoxyseselin (5) was isolated as colorless prisms
from diethyl ether, mp 162-164°, C,;H,,0,. Its UV
spectrum showed absorptions at A, nm: 228, 284 (sh),
293, 328, and 356 (sh), which are characteristic of a 7-
oxygenated coumarin [9]. The IR spectrum exhibited
bands at 1710, 1630, 1615, and 1585cm™!. In the
'H NMR spectrum, a pair of doublets at §6.10 and 7.91
(each 1H, d, J = 10 Hz) was characteristic of H-3 and H-4
in the coumarin nucleus [10]. The presence of the 2,2-
dimethylchromen ring was indicated by the signals at
6.77 (1H, dd, J = 1 and 10Hz), 5.55 (1H, d, J = 10 Hz)
and 1.47 (6H, s). A signal at 4 3.84 (3H, s) was attributed to
a methoxy group. The signal at §6.22 (1H, d, J = 1 Hz)
assignable to H-6, showed a long-range coupling with H-
1’ [11]. Hydrogenation of 5-methoxyseselin with 5%
Pd—C/H, in THF afforded colorless plates, mp 162-163°
(IM]"* 260), which were identified as 5-methoxydihydro-
seselin (6) [12] by comparison of 'HNMR and IR
spectra. From these results, the structure of S-meth-
oxyseselin was assigned formula 5.

Xanthyletin (7a) [2, 3], xanthoxyletin (7b) [13],
clausarin (8) [2, 3], N-methylatanine (4a) [7, 8], preskim-
mianine (4b) [ 14] and p-hydroquinone were also isolated
and identified by comparison with authentic samples by
IR, 'HNMR and mass spectra.

EXPERIMENTAL

Mps are uncorr. ' H NMR (100 MHz) were recorded in CDCly
except where noted. Chemical shifts are shown in ppm (d) with
TMS as int. standard. MS were recorded using a direct inlet
system. UV were determined in MeOH and IR recorded in KBr
except where noted.

Plant material. C. grandis was collected in Tainan, Taiwan, and
identified by Professor C.-S. Kuoh. The specimen is deposited in
the Herbarium of Chia-Nan Junior College of Pharmacy,
Tainan, Taiwan.

Extraction and separation. The Me,CO extract of root bark
(1.6 kg) was subjected to Si gel CC by eluting successively with
C¢Hs, CcHe—Me,CO (9:1) and CgHg-Me,CO (4:1). The
CgHg—Me,CO (9:1) fraction was rechromatographed on Si gel
and eluted with n-hexane-EtOAc (4:1) to afford § (2.1g), 7a
(5.3g), 4a (0.2g), 7b (1.2 g), 8 (0.1g), p-hydroquinone (0.2 g), 3¢
(2.3 ), le (1.5g) and 2d (1.3 g), successively. The C;H—Me,CO
(4:1) fraction was also rechromatographed on Si gel and eluted
with CHC1;-Me,CO (9:1) to give 4b (0.15 g), 2¢ (0.5g),3a (1.2 g),
3b (3.5g),2a (1.7g), 1¢ (0.4 g), 1a (0.7 g), 2¢ (0.2g) and 2b (0.8 g),
successively.

Grandisinine (1a). Yellow plates from Me,CO, mp 194-196°.
(Calc. for C,,H,3NO;: C, 68.24; H, 6.28; N, 3.79. Found: C, 68.26;
H, 6.29; N, 3.78%.) A dark green color reaction with FeCl;.
UV A, nm (log (g): 224 (4.28), 262 (4.70), 270 (4.72), 334 (4.33),
394 (3.87). AAIC: nm: 237, 268 (sh), 278, 358, 440. A NaOMe nm: 225,
266, 295, 378. IR vSHC em~1: 3500, 1620, 1583, 1570. MS m/z

max
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(%):369 [M] ™" (41), 354 (100), 339 (9), 324 (66), 312 (20), 301 (25),
286 (16). 12 C NMR (CDCl; + DMSO-dg): 5 181.9 (s), 164.5 (s),
162.9 (s), 156.1 (s), 149.7 (s), 143.7 (s), 136.9 (5), 131.2 (s), 123.8 (d),
122.2 (d), 117.3 (s), 112.9 (d), 109.0 (s), 106.5 (5), 93.7 (d), 59.7 (q),
55.8 (q), 48.1 (g), 26.0 (1), 25.6 (g), 17.9 (q).

Grandisine-I (2a). Pale yellow needles from Me,CO, mp
262-264°. (Cale. for C,¢H,sNOy: C, 63.78; H, 5.02; N, 4.65.
Found: C, 63.63; H, 4.96; N, 4.57%/.) A dark green color reaction
with FeCly. UV A_,, nm (log &): 216 (4.24), 256 (sh, 4.76), 265
{4.86), 282 (sh, 4.37), 328 (4.04), 382 (3.78). 21ACls nm: 224, 255,
275, 300 (sh), 346, 416. ANaOMeym: 215, 256 (sh), 265, 282 (sh),
328,382. 1R v, cm ™~ *: 3350, 1620, 1590, 1555. MS m/z (%): 301
[M]* (100), 286 (46), 272 (31), 258 (32), 243 (23), 228 (10), 215 (18).

Grandisine-11 (2b). Yellow needles from Me,CO, mp 266-268°.
(Calc.for C,¢H, sNOs: C,63.78; H, 5.02; N, 4.65. Found: C, 63.77;
H, 4.94;N,4.519) UV 4 _.. nm (log &): 220 (4.19), 269 (4.80), 296
(4.20), 332 (4.16), 390 (3.78). AAICls nm: 228, 263 (sh), 275, 310 (sh),
362, 425. ANaOMenm: 224, 265, 285 (sh), 365, 400 (sh).
IR v, cm ™' 3100, 1620, 1590, 1565. MS m/z (°,): 301 [M]*
(100), 286 (76), 271 (24), 244 (35), 243 (19), 215 (11), 214 (13).
13CNMR (CDCl,; + DMSO-dg): 8 179.4 (s), 164.7 (s), 164.6 (s),
157.4 (s), 147.7 (s), 138.2 (s), 136.8 (5), 122.2 (d), 117.0 (s), 107.7 (d),
103.6 (s), 96.1 (d), 91.7 (d), 61.0 (g), 56.2 (q), 40.0 (9).

Methoxymethylation of 1a. A mixture of la (50mg), 0.1%
NaOH aq. (20ml), a phase-transfer catalyst (Adogen 464,
Aldrich) (10mg) and CH,Cl, (30 ml) was stirred at room temp.
for 30 min, and then excess chloromethylmethyl ether was added.
After 1 hr, the reaction mixture was extracted with CH,Cl,. The
CH,Cl, soln was washed with H,O, dried (Na,SO,) and
evaporated. The residue was chromatographed on Si gel and
eluted with C;Hg-Me,CO (9:1) to afford 1d as yellow needles.
Recrystallization from Et,0, mp 106-108°. UV 4, nm: 223,260
(sh), 271, 335, 400. IR v$HCs cm~1: 1610, 1580, 1560. MS m/z:
413 [M]*, 398 (100%), 382, 368, 354, 345, 338, 324, 312, 310, 298,
282, 254.

Methylation of 1a. Compound 1a (100 mg) in Me,CO (20 ml)
was refluxed with dry K,CO; (1 g) and Mel (1 ml) for 24 hr. The
soln was filtered, evaporated and the residue chromatographed
on Si gel with CgH-Me,CO (9:1) to afford 1b as a yellow syrup.
UV A, nm: 222, 264,324, 382. IR v $HC em—1: 1625, 1585. MS
m/z: 397 [M]*, 282 (100%), 368, 352, 340, 338.

Methylation of 2b. Compound 2b (50 mg) was suspended in
Et,0O (100 ml), treated with excess CH, N and left overnight. The
soln was evaporated to leave a yellow crystal, which was
recrystallized from Et,0 to give yellow needles, mp 168-170°.
This was identified as citpressine-II (2d) by comparison of
!HNMR, IR, and MS.

Trideuteriomethylation of 2a and 2b. An Et,O soln of CH,N,
(15ml) was mixed with dioxan (20ml) and D,0O (2ml). To this
soln was added the soln of 2a (50 mg) in dioxan (30 mi) and D,0O
(0.5 ml). After 24 hr, the solvent was evaporated to leave a gum,
which was chromatographed on Si gel and eluted with
CsH—Me,CO (9:1) to give trideuteriomethylated 2a as yellow
needles (42mg), mp 147-149°. MS m/z 318 [M]".
Trideuteriomethylated 2b was prepared from 2b by the same
method, mp 146-148°. MS m/z 318 {M]*.

S5-Methoxyseselin (5). Colorless prisms from Et,O, mp
162-164°. (Calc. for C,sH,,0,: C, 69.75; H, 5.46. Found: C,
70.02; H, 5.41%,) UV A, nm (loge): 228 (4.56), 284 (sh, 4.27),
293 (4.31), 328 (4.16), 356 (sh, 4.00). IR v, cm~!: 1710, 1630,
1615, 1585. MS m/z (%): 258 [M]* (21), 243 (100), 228 (8), 215
(16), 213 (8), 200 (23). 'H NMR: § 1.47 (6H, s, 2Me), 3.84 (3H, s,
OMe), 5.55(1H,d,J = 10Hz, H-2)),6.10 (1H,d,J = 10Hz, H-3),
6.22 (1H,d, J = 1 Hz, H-6), 6.77 (1H, dd, J = 1 and 10Hz, H-1"),
791 (1H, d, J = 10Hz, H-4).

Hydrogenation of 5. Compound 8 was hydrogenated with 5%,
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Pd-C/H, in THF for 1 hr to give 6 in a quantitative yield, mp
162-163°, colorless plates from Me,CO. UV 4. nm: 213, 226
(sh), 255 (sh), 263, 336. IR v, cm™ 1. 1715, 1620, 1590. MS m/z;
260 [M]*, 245, 243, 230, 217, 206, 205 (100%), 189, 176.
'HNMR: 4 1.36 (6H, s, 2Me), 1.81 (2H, ¢, J = 7Hz, H-2), 2.78
(2H,t,J = 7Hz, H-1"),3.82 (3H, 5, OMe), 6.10 (1H, d, J = 10 Hz,
H-3), 6.18 (1H, s, H-6), 7.95 (1H, d, J = 10 Hz, H-4). This was
identified as S-methoxydihydroseselin (6) [ 12] by comparison of
'H NMR and IR spectra with those of the authentic compound.
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