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Thirteen kinds of flavones, including two new flavones, were isolated from the fruit
peel of Citrus veticulata Branco (Rutaceae) on the basis of thorough examination of the
components in the chloroform extract of the peel. The structures of these flavones were
confirmed by analysis ¢f the spectral data and by structural conversion or total synthesis.
B-Sitostercl, limonin, hesperidin, ferulic acid, and 5,5’-oxydimethylene-bis(2-furaldehyde)
were also isolated as components other than flavones. The multisubstituted flavones
obtained were examined by gas-liquid chromatography, and may provide a good marker
for chemotaxonomical studies of Citrus species.

Keywords Citrus reticulata Branco; Rutaceae; 5-hydroxy-7,8,4’-trimethoxy-
flavone; 4’-hydroxy-5,6,7,8-tetramethoxyflavone; 5,5 -oxydimethylene-bis(2-furaldehyde) ;
BC-NMR; GLC of polyoxygenated flavones

Studies on the constituents of Citrus plants can be divided roughly into two groups; one
consists of so-called chemotaxonomical studies,® directed to the examination of flavanone gly-
cosides® and essential 0ils® as markers. The other group consists of chemical studies on mul-
tisubstituted flavones characteristic of Citrus species.” In the present series of studies, we have
carried out exhaustive examinations of multisubstituted flavones in the peel of mature fruit of
Citrus reticulata Branco (Rutaceae)® and have utilized gas-liquid chromatography (GLC) as a
new approach to chemotaxonomical studies of the Cifrus species with these flavones as a mark-
er.

Structural Determination

The chloroform extract of the fruit peel of Citrus reticulata was repeatedly subjected to
silica gel column chromatography, and 13 kinds of flavones (la—4f, excluding 3c) were isolated
(Chart 1). The structures of the flavones other than 2¢ and 4f were estimated from the spectral
data, and confirmed by direct comparison with authentic specimens (2a, 3a,” 4c¢,’? and 4d5®)
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4) R.F. Albach and G.H. Redman, Phytochemistry, 8, 127 (1969).

5) “The Flavoneids,” ed. J.B. Harborne, T.J. Mabry, and H. Mabry, Chapman and Hall Ltd., London,
1975, pp. 612—617.

6) S. Kamiyama and M. Amaha, Bull. Brew. Sci., 18, 17 (1972).

7) a) G.P. Sastry and L.R. Row, Tetrahedrvon, 15, 111 (1¢61); &) J.H. Tatum and R.E. Berry, Phytochemi-
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Nippon Kagaku Zasshi, 83, 602 (1962).
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la : R1=R3=R6=0Me, Re=R4s=Rs=H 4a : R1=Rz=R3=R¢=R5=Rs=OMe
2a ! Ri=R3s=Ry=R;=Rs=0Me, Rs=H 4b : Ri=0H, R:=R3;=Rs=R;=Rs=0Me
2b : Ri=Rs=Rs=Rs=0Me, Ry;=Rs=H 4c : Ri=R3=Rs=0H, Rs=Rs=R5=0Me
2¢ : R1=OH, R3=R4=RGZOMG, R2=R5=H 44 : R1=R2=R3=R4=R6=OMC, Rs=H
2d : R1=R6=OH, R3=R4—OM6, Re=Rs=H 4e : OH Re= Ra Ry= OMG, Rs=H
3a : R1=R2=R3=R5=R6—OM6 R4—H 4f Rs-OH R1 Ra—R4 OMe, R5=H

3b : Ri=0H, R:=R3=R;=R;=0Me, Rs=H 4g*: Ri=Rs=0H, R2~R3—R4 OMe, Rs=H
3c*: R1=R2=R3:R6=OMC Ri= Rs—H
* These were prepared for identification.
Chart 1

and by structural conversion, such as methylation (apigenin—sla, 2d—2b, 5,3’-dihydroxy-6,7,-
4/-trimethoxyflavone®—3b, 4'-hydroxy-5,6,7,8,3’-pentamethoxyflavone!®—4a) or by partial
demethylation (4’-hydroxy-5,7,8- tr1methoxyﬂavone—>2d 4a—4b, 4d—4e). 2c and 4f are fla-
vones isolated for the first time from a natural source, and their structures were confirmed by
total synthesis.

2c was obtained as yellow needles, mp 220—221°, and the presence of a hydroxyl at the
b-position was suggested by the bathochromic shift of 70 nm in its ultraviolet (UV) spectrum
on the addition of aluminum chloride, and by its stability in hydrochloric acid. The proton
magnetic resonance (PMR) spectrum of 2¢ showed signals due to three methoxyls, and a signal
at 6.36 ppm due to 3-H and one at 6.51 ppm due to 6-H or 8-H, and a characteristic A,B, signal
due to 4'-substitution in the B ring. - Thus, 2¢ was presumed to be 5-hydroxy-7,8,4'-trimeth-
oxyflavone or 5-hydroxy-6,7,4"-trimethoxyflavone.!? Complete methylation of 2¢ gave 2b,
which was different from 3c, so that 2c was presumed to be 5-hydroxy-7,8,4"-trimethoxyflavone,
and this structure was confirmed by its total synthesis by the following route.

Condensation of 2-hydroxy-3,4,6-trimethoxyacetophenone and p- benzyloxybenzom acid
gave an ester (5), mp 124—127°, and Baker-Venkataraman rearrangement of this compound
afforded a f-diketone (6), mp 104—108°. Dehydrative cyclization of 6 in the presence of sul-
furic acid resulted in debenzylation'® with cyclization, and 4’-hydroxy-5,7,8-trimethoxyflavone
(7), mp 258—260°, was obtained. A part of 7 was partially demethylated to afford 5,4'-dihy-
droxy-7,8-dimethoxyflavone (2d) and the remainder was completely methylated to give 5,7,8,-
4’-tetramethoxyflavone (2b). Partial demethylation of 2b gave 5-hydroxy-7,8,4’'- trlmethoxy—
flavone which was identical with 2c.

4f was obtained as colorless needles, mp 196—198°, and formed a monoacetate, mp 154°,
on acetylation. The PMR spectrum of 4f revealed the presence of four methoxyls (3.85, 3.90,
3.95, and 4.04 ppm), and A,B, signals indicating substitution at the 4'-position in the B ring.
These results suggest a flavone oxygenated in the 5,6,7,8, and 4" positions, like tangeritin (4d).
The hydroxyl group was probably located at the 4’-position, judging from the bathochromic
shift (56 nm) in the presence of sodium methoxide. This was confirmed by the 3C-nuclear
magnetic resonance (NMR) spectrum.

In the *¥C-NMR spectra of flavones, the signals of methoxyl groups in adjacent positions
show a downfield shift (4-6 ppm) compared with isolated methoxyl groups.'® In the 13C-NMR
spectrum of 4d,'® the signals at 62.0 and 61.8 ppm can be assigned to methoxyls at the 5-, 6-,

11) K. Fukui, T, Matsumote, and T. Kinoshita, Bull. Chem. Soc. Jpn, 37, 662 (1964).
2) M. Iinuma and S. Matsuura, Yakugaku Zasshi, 99, 657 (1979).
13) K. Panichpol and P. Waterman, Phytochemistry, 17, 1363 (1978).
) TFor details of the assignment of the skeletal carbons and the behavior of the chemical shifts of methoxyl
carbons, see: M. linuma, S. Matsuura, and K. Kusuda, Chem. Phaym. Bull., 28, 708 (1380).
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Tasre I. 'C-NMR Chemical Shifts of 4d, 4e, and 4f

2 3 4 5 6 7 8 9 10

4d 162.3 106.4 175.8 143.8 138.0 151.1 138.0 147.7 115.0
4e 163.6 106.0 182.1 144.9 135.8 152.1 132.5 148.1 114.6
4f 161.4 106.0 167.3 144.1 138.4 151.4 138.4 148.1 116.7

1 2, 6 3, 5 4 OCH,
4d 123.6 128.0 115.0 160.7 62.0 61.8 55.8
4e 122.7 128.0 114.6 162.4 61.1 60.2 55.3
4f 122.0 128.5 114.9 161.4 62.4

Chemical shifts are expressed in ppm from TMS. Solvent: Me,SO.

7-, and 8-positions and that at 55.8 ppm would be the signal of the methoxyl carbon at the 4'-
position. The same considerations apply to 4e. In the case of 4f, the signal at higher field
disappeared and a signal appeared at 62.4 ppm. These results indicate that the four methoxyls
in 4f are located in adjacent positions, 7. e., at the 5-, 6-, 7-, and 8-positions, and that the hy-
droxyl is at the 4'-position. Further, since methylation of 4f gave tangeritin (4d) and partial
demethylation gave xanthomicrol'® (4g), 4f was considered to be 4’-hydroxy-5,6,7,8-tetrameth-
oxyflavone,® this was confirmed by synthesis through the following route.
2-Hydroxy-3,4,5,6-tetramethoxyacetophenone, obtained by alkaline decomposition of
nobiletin (4a), was condensed with p-benzyloxybenzaldehyde in the presece of alkali to give
4-benzyloxy-2'-hydroxy-3',4",5",6'-tetramethoxychalcone (8), mp 87—89°. 8 was boiled with
859, phosphoric acid to give 4’-benzyloxy-5,6,7,8-tetramethoxyflavanone (9), mp 115—116°,
then DDQ (2,3-dichloro-5,6-dicyano-1,4-benzoquinone) oxidation'” gave 4'-benzyloxy-5,6,7,8-
tetramethoxyflavone (10), mp 136—139°, and finally debenzylation of 10 provided 4'-hydroxy-
5,6,7,8-tetramethoxyflavone, mp 197—199°, which was identical with 4f.

The flavones isolated from the fruit peel of C. reticulata in the present series of studies can
be divided into four groups according to the mode of substitution in the A ring; 5,7-dioxygen-
ated type (group 1), 5,7,8-trioxygenated type (group 2), 5,6,7-trioxygenated type (group-3),
and 5,6,7,8-tetraoxygenated type (group 4). Substitution in the B ring is also systematic,
being at the 4'- or 3'- and 4'-positions. Consequently, many flavones with various combina-
tions of substitutions in the A and B rings may occur. It is possible that the fruit peel of C.
reticulata contains minor flavones with such combinations of substitutions, although they were
not detected in the present series of experiments.

In addition to these flavones, hesperidin, §-sitosterol, limonin, ferulic acid, and 5,5"-oxydi-
methylene-bis(2-furaldehyde)'®) were isolated from the fruit peel of C. reticulata and identified
by comparison with authentic specimens.

Gas-Liquid Chromatography of Multisubstituted Flavons

There have been few reports on the GLC of flavones,® and none on multisubstituted fla-
vones, as far as we are aware. Consequently, GLC of the isolated multioxygenated flavones of.
known structure was examined.

) G.H. Stout and V.F. Stout, Tetrakedron, 14, 296 (1961).
) W.S. Burnham, R.W. Sidewell, R.L. Tolman, and M.G. Stout, J. Med. Chem., 15, 1075 (1972).
17) S. Matsuura, M. Iinuma, K. Ishikawa, and K. Kagei, Chem. Pharm. Bull., 26, 305 (1978).
) K. Azo and H. Sagisawa, Tokoku J. Agr. Res., 5, 143.(1954).
19) a) N. Narasimhachari and E. RuDloff, Can. J. Chem 40,1123 (1962); b) T. Katagi, A. Horii, Y. Omura.,.
H. Miyakawa, T. Kyu, Y. Ikeda, K. Is01 and M. Ma.k1ta, J. Chromatog., 79, 45 (1973).
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The GLC pattern of 1a to 4g showed 6 peaks

(Ito VI) which were not separated completely.

II * The correlation between the flavone structure
and the relative retention time (fz) may be sum-
marized as follows. (a) No flavones having a
hydroxyl at a position other than the 5-position
were detected (2d, 4c, 4f, 4g). (b) Retention
1| (v times of flavones having one methoxyl in the
I ring B were shorter than those of flavones with
two methoxyls (2c, 4e, ¢ic. vs. 3b, 4a, 4b, cic.).
(c) Introduction of a methoxyl at the 6-position
resulted in shorter retention times (2b vs. 4d, 2a
vs.4a). (d) The retention time did not change

5 10 15 20 25 30 35 (min)

Fig. 1. Gas Chromatogram of Multioxy- with the introduction of a methoxyl into the
genated Flavones 8-position (3c—4d, 3a—4a). (¢) When the mode
Stationary phase: 1% OV-17, of substitution in the ring B was the same, the
Column: 3 mm X2 m, . . . . ?
Temp. : 180—320%, . retention times of 5,6,7-trisubstituted flavones
Carrior gas fow: H, 50 mijmin, were shorter than those of 5,7,8-trisubstituted
1,Vzc. I, 1a, 3%, 4d, de. IIT, 2b. flavones (3c—2b, 3a—2a)
IV, 8b, 4b. V,3a,4a. VI, 2a.
W, 4b. V; B2, 42. V1,28 These results suggest that GLC would be

useful as a tool for the structure elucidation of

flavones and for chemotaxonomical studies using flavone derivatives of Citrus species as a mark-
er, in-that the presence or absence and contents of various flavones can be determined by GLC.
This is now being examined, in combination with the use of high-speed liquid chromatography.

Experimental

Melting points are all uncorrected. UV spectra were determined with a Hitachi 323 spectrophotometer,
PMR with a Hitachi R-20B, using trimethylsilane as an internal standard, at 60 Hz, with chemical shifts in
8 values (ppm), ¥C-NMR with a JEOL FX-60FT spectrometer operating at 25.15 MHz, spectral width
4000 Hz, 4096 data points, and mass spectra with a JEOL JMS-D300. The gas-liquid chromatograph used
was a JEOL JGC-20KF machine. TLC was carried out with kieselgel G (Merck), developed with benzene—
Me,CO (3: 1) and colored with 109, H,SO,. Wakogel C-200 (Wako Pure Chemicals, Ltd:., Tokyo) was used
for column chromatography. '

Extraction and Isolation of Fruit Peel Components of Citrus reticulaila Dried peel (1.2 kg) of fruit of
C. veticulata was extracted with 3 liters of CHCI, for 40 hr on a water bath. The extract was concentrated
under reduced pressure and extracted with hexane to remove essential oils and liposoluble pigments. The
aqueous layer was further extracted with BuOH and the BuOH extract was concentrated under reduced
pressure. The concentrated extract was subjected to silica gel chromatography, and the column was devel-
oped successively with 5:1; 8:1, and 1:1 mixtures of benzene and Me,CO.

General Procedure for Methylation——A mixture of flavone and 1.5 volumes of Mel (the volume was
changed in accordance with the number of hydroxyl groups) in Me,CO was boiled in the presence of K;CO,
on a water bath for 5 hr. The filtered reaction mixture was concentrated and the residue was recrystallized
from MeOH. _ , v

General Procedure for Partial Demethylation. A mixture of 1 mol of flavone and 1.1 mol of anhyd.
AICI, dissclved in dry nitrobenzene was allowed to stand at room temperature overnight. The reaction
mixture was poured into a mixture (1: 1) of ice water and conc. HCl, and nitrobenzene was removed by steam
distillation. The precipitate was collected and recrystallized from AcOEt-hexane.

2-(4’~-Benzyloxybenzoyloxy)-3,4,6-trimethoxyacetophenone (5) A mixture of 450 mg (2 mmol) of
2-hydroxy-3,4,6-trimethoxyacetophenone, 450 mg (2 mmol) of p-benzyloxybenzoic acid, and 1.5 ml of
(CF4C0),0 in 20 ml of benzene was stirred at room temperature for 4 hr. 5 was obtained as colorless prisms
(from benzene), mp 124—127°. PMR (CDCl,) 8: 2.45 (3H, s, COCH,), 8.73, 3.84, 3.90 (9H, each s, 3 x OCH,),
5.13 (2H, s, OCH,C,H,), 6.43 (1H, s, H-5), 7.02 (2H, d, /=8.8 Hz, H-3',5), 7.40 (bH, s, benzyl protons), 8.11
(2H, d, J=8.8 Hz, H-2',6").

2-Hydroxy-4’-benzyloxy-3,4,6-trimethoxydibenzoylmethane (6) A mixture of 800mg (1.8 mmol)
of 5 and 1.0g of powdered KOH in 20ml of pyridine was stirred at 110° for 20 min, cooled, and acidified
with conc. HCL. This acid solution was extracted with 50 ml of AcOEt, then the extract was washed with
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water, dried over Na,S0O,, and concentrated under reduced pressure, 6 was obtained as yellow needles (from
MeOH), mp 104—108°.

4’-Hydroxy-5,7,8-trimethoxyflavone (7) A solution of 720 mg (1.65 mmol} of 6 dissolved in 30 ml
of AcOH was warmed to 110°, then 30 ml of conc. H,SO;~AcOH mixture (1: 10) was added, and the whole
was stirred for 7 min.  After cooling, ice water was added to this mixture, causing crude crystals to precipitate
out. A small amount of contaminating 4’-benzyloxy-5,7,8-trimethoxyflavone was separated by column
chromatography, and the product was debenzylated by the conventional method of hydrogenation using
a Pd-C catalyst. 7 was obtained as colorless needles (from MeOH), mp 258—260°.

5-Hydroxy-7,8,4’~trimethoxyflavone———Partial demethylation of 7 by the general procedure gave
5,4’-dihydroxy-7,8-dimethoxyflavone, and methylation of this compound gave 5-hydroxy-7,8,4'-trimethoxy-
flavone as pale yellow needles (from AcOEt), mp 223—224°, UV A¥% nm: 275, 350. This compound was
identical with 2c.

5-Hydrexy-7,8,4'-trimethoxyflavone (2c)——This flavone from the natural scurce formed yellow needles
(from AcOEt), mp 220—221°. PMR (CDC,) 6: 3.82 (3H, s, OCH,), 3.89 (6H, s, 2 x OCH,), 6.36 (1H, 5, H-3),
6.51 (1H, s, H-6), 6.96 (2H, d, /=9.3 Hz, H-3, 5), 7.85 (2H, d, J=9.3 Hz, E-2,6"). UV A% nm: 276,
301, 350 (sh) Axa:®t 276, 316, 350, 420 (sh); /l,;‘,:,ic"“*“" 276, 318, 360 420.

A mixture of 100 mg of 2¢c, 2 ml of Ac,0, and 100 mg of anhyd. AcONa was refluxed for 1 hr, then the
cooled mixture was poured into ice-water. The crude crystals were collected by suctional filtration and
recrystallized from MeOH to give the monoacetate, mp 167—170°. PMR (CDCl,) §: 2.41 (3H, s, COCHy),
3.88, 3.96, 3.99 (9H, each s, 3 x OCHy), 6.52, 6.65 (2H, each s, H-3, 6), 7.02 (2H, d, J=9.2 Hz, H-3’, 5'), 7.86
(2H, d, J=9.2 Hz, H-2, 6').

Methylation of 2c by the general procedure gave 5,7,8,4’-tetramethoxyflavone (2b), mp 207—210°
(MeOH). PMR (CDCl,) ¢: 3.85, 3.91, 3.9 (12H, each s, 4 x OCH,), 6.40 (1H, s, H-3), 6.53 (1H, s, H-6), 6.98
(2H, d, J=8.9 Hz, H-3, 5"), 7.86 (2H, d, J=8.9 Hz, H-2’, 6').

4’-Hydroxy-5,6,7,8-tetramethoxyflavone (4f) This flavone from the natural source formed colciless
needles (from benzene), mp 196—198°. PMR (CDCl,) d: 3.85, 3.90, 3.95, 4.04 (12H, each s, 4 x OCH,),
6.55 (1H, s, H-3), 7.00 (2H, d, J=9.0 Hz, H-3’, 5), 7.70 (2H, d, J=9.0 Hz, H-2/, 6"). UV X% nm: 272,
328; 253" 272, 828; AxrNeoM 961 (sh), 384.

Acetylation of 4f by the usual procedure gave the monoacetate as colorless needles, mp 154°. PMR
(CDCl,) 6: 2.32 (3H, s, COCH,), 3.94 (6H, s, 2x OCH,), 3.99 (8H, s, OCH,), 4.08 (3H, s, OCH,), 6.63 (1H, s,
H-3), 7.30 (2H, d, J=8.9 Hz, H-3', 5"), 8.00 (2H, d, J=8.9 Hz, H-2’, 6").

Partial demethylation of 200 mg of 4f gave xanthomicrol as yellow needles, mp 227—229° (reported4
mp 227-—230°). PMR (DMSO-dy) 6: 3.84, 3.92, 4.02 (9H, each s, 3 x OCHj), 6.87 (1H, s, H-3), 6.92 (2H, d,
J=8.9 Hz, H-3, 5), 7.90 (2H, d, J=8.9 Hz, H-2/, 6).

Methylation of 100 mg of 4f gave tangeritin, mp 156—157°.

4-Benzyloxy-2’-hydroxy-3/,4’,5’,6'-tetramethoxychalcone (8)-——A solution of 0.6 g (2.3 mmol) of 2-
hydroxy-3,4,5,6-tetramethoxyacetophenone and 0.5 g (2.3 mmol) of p-benzyloxybenzaldehyde dissolved in
50 ml of 80% EtOH containing 8.0 g of KOH was stirred at room temperature overnight. The mixture was
acidified to 20% HCI and extracted with AcOEt. The extract was dried over Na,SO,, concentrated under
reduced pressure, and the residue was recrystallized from MeOH to 1.0 g of 8 as reddish-orange needles,
mp 87—89°.

Tasie II. Physical Properties and Mass Spectra
of Flavones in C. reticulata

No. mp (°C) Rf fr (min) MS (m/]e)

la 156—158 0.17 24.8 312 (M+) (1009%,), 295, 283
2a 204 0.10 29.4 372 (M+), 357 (100%,), 342
2b 211—212 0.11 26.0 342 (M+), 327 (100%,), 313
2c 220—221 0.85 22.4 328 (M+), 313 (100%,), 285
2d 292—294 0.03 — 314 (M) (100%), 298, 166
3a 176—177 0.43 28.4 372 (M+), 357 (100%), 341
3b 190—191 0.68 27.2 358 (M+) (1009%,), 343, 181
3e 158 0.51 24.8 342 (M+), 327 (100%), 311
4a 138 0.51 28.4 402 (M+), 387 (100%), 371
4b 143—145 0.78 27.2 388 (M+), 375 (1009%), 358
4¢ 210—212 0.24 — 360 (M+), 345 (100%), 330
4d 153—154 0.62 24.8 372 (M+), 357 (1009%,), 343
4e 176—178 0.84 24.8 358 (M+), 343 (100%,), 211
4f 196—198 0.29 —_ 358 (M+), 343 (100%), 329
41g 227—229 0.51 — 344 (M+), 329 (100%,), 314
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4’-Benzyloxy-5,6,7,8-tetramethoxyflavone (9) A solution of 1.0 g (2.2 mmol) of 8 dissolved in 100 ml
of EtOH containing 10 g of 85% H,PO, was boiled for 50 hr, concentrated under reduced pressure, and ex-
tracted with H,0 and AcOEt. The AcOEt extract was purified by column chromatography and 450 mg
of 9 was obtained as colorless needles (from benzene), mp 115—116°. Anal. Caled for C,H,,0;: C, 69.32;
H, 5.82. Found: C, 69.32; H, 5.78. From the column chromatographic separation, 460 mg of starting
8 was recovered. '

4’-Benzyloxy-5,6,7,8-tetramethoxyflavone (10) A solution of 450 mg (1 mmol) of 9 and 450 mg (2
mmol) of DDQ dissolved in 20 ml of dry dioxane was boiled for 10 hr. The reduced hydroquinone was
removed by filtration, and the residue was recrystallized from MeOH to give 10 as pale yellow needles, mp
136—139°. Yield, 350 mg. PMR (CDCl,) d: 3.90, 3.95, 3.97, 4.05 (12H, each s, 4 X OCH,), 5.02 (2H, s,
OCH,C.H,), 6.65 (1H, s, H-3), 7.02 (2H, d, J=8.9 Hz, H-3', "), 7.35 (5H, br. s, benzy! protons), 7.80 (2H, d,
J=8.9 Hz, H-2", 6’). Anal. Calcd for C,sH,,0,: C, 69.64; H, 5.39. Found: C, 69.68; H, 5.37.

4’-Hydroxy-5,6,7,8-tetramethoxyflavone A suspension of 200 mg (0.4 mmol) of 10 and 350 mg of
Pd-C in 100 m! of AcOEt was subjected to catalytic hydrogenation and 4" hydroxy-5,6,7,8-tetramethoxy -
flavone was obtained as colorless needles (from benzene), mp 197—199°. Yield, 120 mg. Anal. Calcd for
C;,H,50,: C, 63.69; H, 5.06. Found:C, 63.55; H, 5.06. UV A% nm: 271, 327. This product was identical
with 4f obtained from the natural source.
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