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Abstract—A novel flavone, isolated from the farinose exudate of Primula puiverulenta, was identified as 8,2-dihydroxy-
flavone. This is the first naturally occurring flavone, in which ring A is oxygenated only at C-8. The structure was
deduced from spectral comparisons with the structurally related flavones: 5,2™-, 3,2’- and 2’,3'-dihydroxyflavone and
confirmed by total synthesis. The spectral properties of other flavones oxygenation with a simple pattern are discussed

i relation to 8,2 -dihydroxyflavone.

INTRODUCTION

The farinose excretion found on aerial parts of many
Primula species was known previously to consist mostly
of unsubstituted flavone, accompanied by 5-hydroxyflav-
one, 2-hydroxyflavone, 5,8-dihydroxyflavone, and 5,2-di-
hydroxyflavone, sometimes also by 5,8,2"-trihydroxyflav-
one [1]. Recently, 2’-methoxyflavone, 35-hydroxy-2'-
methoxyftavone and 2’,4-dihydroxychalcone were found
as rare minor constituents [2] and lately 2°,5'-
dihydroxyflavone and its natural 5'-acetate were isolated
[3] We now report the detection of a further unusual
dihydroxyflavone from the exudate of Primula pulveru-
lenta Duthie.

RESULTS AND DISCUSSION

Compound 1 (M* m/z 254) was isolated as a trace
constituent from the powdery exudate of Primula pulver-
ulenta after fractionation by column chromatography
and preparative TLC. Methylation gave a dimethyl ether
(2; M* 282) by usual methylation. In the MS of 1, the
fragments (m/z 137 [A, +H]*, 136 [A] ],and 118 [B; ]
showed that the A and B rings of the flavone both
possessed anly one hydroxyl group, which was supported
also by the fragments (m/z 150 [A}], 122[A, —28]*, 132
[B) 7, and 107 [B,—28]") in the MS of 2. The UV
spectrum gave no clear information on the oxygenation
pattern because of unfamiliar shifts on addition of re-
agents. For example, no shifts were observed on addition
of aluminium chloride or sedium acetate. This at least
indicates the absence of hydroxyl groups at C-5 and C-7.
A large bathochromic shift (+ 63 nm) with sodium meth-
oxide showed a hydroxyl group on ring B located at C-2'
rather than at C-4’ [4]. This result explains the complex
signals of the "H NMR spectrum of 11270 MHz, DMSO-
dg~CD;),CO=2:1] (see Experimental). A broad doub-
let at 7.51 ppm, assignable to a proton at C-5, suggested

*Author to whom correspondence should be addressed.

1 R
2 R =Me

that this proton was ortho coupled with that of C-6 m J
=7.69 Hz and meta coupled with that of C-7 1n a small J
value. From the spectral data described above the most
plausible position for the hydroxyl group on the A nng
was concluded to be at C-8, and the possible structure for
the natural flavone to be 8,2'-dihydroxyflavone. Traces of
the novel 8,2'-dihydroxyflavone were also observed 1n the
exudate of some other Primula spectes, such as P. bee-
siana Forrest, P. bulleyana Forrest, P. palinuri Petagna.
Its distribution in the genus still needs to be studied in
detail.

In our present experiments the lack of available spec-
tral data for simple oxygenated flavones became obvious.
This lack of relevant data may have led to the assignment
of incorrect oxygenation patterns for such compounds.
In order to confirm the proposed structure of the natu-
rally occurring flavone {1) and to supply additional spec-
tral information for simple oxygenated flavones, 82’
dihydroxyflavone (1), and the related compounds:
5,2-dihydroxy- (3), 3,2-dihydroxy- (4} and 2.3"-
dihydroxyflavone (5) were prepared by synthesis. For
comparison purposes, 2'-hydroxy- (6) and B-methoxy-
flavone (7) were also synthesized. The flavones (3-7)
are already known compounds; in the present paper we
only report the synthesis of 1. 2-Hydroxy-3-
methoxyacetophenone (8} synthesized in four steps from
o-vanillin (see Experimental), was condensed with 2-
methoxybenzaldehyde (9) in the presence of potassium
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Table { UV spectra of compounds 1, 3-5 and bathochromic shifts on addition of reagents
1 3 4 5
A0 i (log 0) 264 {4 06) 269 (4 30y 240 {4 32) 250 ¢4 13)
330{391) 340 (4 12) 290 sh {3 86) 310 (4 29)
335 (404)
390 (3 99)
+ NaOMe 278. 295 sh 250, 265 250 sh, 300sh  2405h, 310
393 295 sh, 400 332,390 325 sh, 410 {dec)
+AICl, 265, 331 280 sh, 290 250, 320 sh 240, 315
315 h, 355 390 330 5h. 386
390 sh
+AICH,-HCl 265, 290 sh 28() <h, 288 250, 320 sh 250, 308
3N 350, 390 390
+NaOAc 268, 285 sh 270. 340 245sh. 300sh  240sh, 255sh
330 410 sh 330, 390 312,376
+NaQAc-H,BO,; 265 330 270, 340 245, 295 sh 255 sh, 312
320sh. 350 376

Table 2 MS of compounds 1-5 2'-hydroxy- (6) and 8-methoxyflavone {7)

1 2 3

w1 2544 3) 282 (66 2) 254 (100)
{M* 28] 226 (1) 254 (0) 226 (6
Af 136 (100] 150 (329) 136 (49 B}
[A, +1] 1370367) 151 (100) 137 (28 4)
[A, 28] 108 (13 %) 122(62°7) 108 (26 0}
[A,—29]" 107 (0) 120(169) 107 5)
B/ 118 (4 ) 132(60) 188N
B, 121 (i) 135 (r} 121 (24)
[B,—28]" 93 (1) 071290 93{n)
Orther fragments 132 (51} 253 (42) 237 (40)

4 5 6 7
254 (778)  254(100) 238 (1O0) 252 (100)
226 (0) 226 (8 0) 200¢129) 22449
120 (3 3) 120 (6 2} 120 (400) 150 (53 1)
1200307 121483 1) 121¢633)  151456)
9247 92 (0) 92(178)  122(600)
91 (1 91 () 91 (5 6) 1211169
- 134 (178 [18(398; 102444
121307 121 () 121(633) 1053 1)
93 (8 4) 109 () 93 (10 2) 77 (0)
237 (100) 11246 2)
197 (67 76 (7 6)
181 4 6)
134 (58)
127 (6 4)
100 (5 0)

t Trace

hydroxide to give 2’-hydroxy-2,3'-dimethoxychalcone
(10) The chalcone was oxidized with 2,3-dichloro-5,6-
dicyanobenzoquinone (DDQ) to afford 2'-dumethoxy-
flavone (2), which agreed well the compound obtained by
methylation of the naturally occurring flavone (1) (TLC,
MS and '"H NMR) 2 was treated with boron tribromide
to yield 1 It 1s known that the demethylation of flavones
with & methoxy group at C-2' causes a rearrangement
between the A and B rings The flavone (2) on demethyl-
atton might also yield 2.3’-dihydroxyflavone (5) instead
of 1 Dhrect comparison of 1 and § showed, however, that
n the present demethylatton no rearrangement occurred

Spectral data (UV, MS and 'H NMR) of the flavones
(1-5) are shown tn Tables 1 3 In the UV spectra, all
flavones except 4 show the characteristic bathochromic
shifts (> 60 nm) of 2'-oxygenated flavones on addition of

sodium1 methoxide {4] Conspicuous shifts were not ob-
served 1n the case of I, which might be peculiar to 8-
oxygenated flavones. According to the general rules on
mass spectral fragmentation of flavones, the mass spec-
trum gave important clues to evaluating the number of
hydroxyl groups However, the rules showed sumilar frag-
ments for 1 and 3 although the fragments for 6 and 7
provided useful mformation m the understanding of
those of 1 und 2 In 2"-oxygenated flavones, a C-6 proton
was Observed at ¢a 79 ppm n a lower field. but in the
case of the corresponding flavonols like 4, the proton
shifted up-ficld by (a O3 ppm and was observed at
75ppm Generally i 2-oxygenated flavones, the C-47
and C-6' protons were meta coupled 1 1 7Hz On the
contrary meta-coupling between C-3 and C-53° was too
small to be clamficd and give only broader signals Ali
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Table 3 "H NMR spectra in DMSO-d, of compounds 1, 3-5§
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1 3 4 5

3 T.14 5 7205 — 711 s

S 72304*% — 8.15dd 803 dd
(5 86) (146, 8 06) (146, 751)

6 7.43 dd 7.14 dd 743-749 m 746 dt
(401, 586) (8.43,074) (146, 751)

7 7236 d* 7561t 776 ddd 779 ddd
4010 (843 (146,696,806) (146,751, 841}

B - 678 dd 760d 768 dd

(0.74, 8 43) (806) (146, 841)

2 _ —

¥ 705 brd 707 dd 699 d —
(733) (1.09, 8.24) (733)

L3 737 de 7.41 dd 734 dr 698 dd
(146, 733) (147,751, 824) (146,733) (146, 7.70)

5 701 brt 701 dt 6931 681 dd
(7133) (109, 751) (7.33) (7 70, 806)

& 799 dd 792 dd 743749 m 735dd
(146, 733) (147, 7.51) {146, 806)

OH 1035 br s 1083 brs 901 br s 972 brs

1068 br s 12725 976 br s
*Interchangeable

the present assignments supply important informations
for the structural elucidation of flavones with a simple
oxygenation pattern.

EXPERIMENTAL

Mps uncorr 'H NMR spectra were obtamed at 270 MHz,
MS were determined at 70 eV by direct 1nlet

Plant matenal and solatton of compound 1. Aerial parts of
Prunula pulverulenta (leaves and inflorescences) were rinsed with
Mc,CQO Lo dissolve the farinose exudate, which was coned
pacuwo and fractionated by CC on silica gel and polyamide
Compd 1 was 1solated 1n mnute amt after prep TLC on silica
gel of a munor fractton On polyamide TLC with
toluene—dioxane-MeOH (8-1-1) 1t occurs as a pale greeish spot
at R, 0.20 that does not change 1ts colour on spraymg with
Naturstoffreagenz A

Compound 1 Yellow rectangles, mp >250° (dec}. *H NMR
(DMSO-d~acetone-dg} & 704 (1H, brt, J=769 Hz, H-5'). 7 L5
{1H, br d, J=842 Hz, H-3'), 723 (1H, d, J =7.69 Hz, H-7), 7 28
{1H, s, H-3), 729-736 (2H, m, H-6 and 4'), 7.51 (1H, brd, J
=765 Hz, H-5), 8.10 (1H, brd, J=769Hz, H-6') The UV
spectrum 1s 1dentical with that of a synthetic sample shown 1n
Table 1 Methylation of 1 was actueved in the usual manner with
Mel in Me,CO 1n the presence of K,CO;

Synthesis  of 2-hydroxy-3-methoxyacetophenonz (8). 2-
Hydroxy-3-methoxybenzaldehyde (o-vanillin) (7 5 g, 49 mmol),
hydroxylamime hydrochlonde (34g, 49 mmol)) HCOONa
(6 3 g}, and HCOOQH (70 ml) were refluxed for | hr The reaction
mixture was poured mnto H,O and extracted with EtOAc o-
Vanillonitnle was obtained as a celourless o1l (6.2g), IRv
fimem =1 2260 (C=N) The minle (5g, 33 mmol) was meth-
ylated with dimethyl sulphate (5g, 40 mmol), K,CO, (25 g,
excess) in Me,CO (50 ml) to give o-veratromiinle (48 g) as
colourless needles, mp 43-45° An Et;O soln conlamng o-
veratronitrile (4.5 g, 28 mmol) was added to an Et;O soln of
Grignard reagent [Mel (79g, S56mmol), and Mg (13g,

PHYTO 27:5-Q

56 mmol)]. The soln was stirred under reflux for 135 hr, and thea
heated in the usval way to give 8 (2 8 g) as pale yellow needles,
mp 48-50°, "H NMR (60 MHz, CDCl,) § 2 57 (3H, 5, COMz},
3.82 (3H, 5, OMe), 6 52 (IH, ¢, J=7 5 Hz, H-5), 693 (1H, dd, J
=75Hz, H4),710(1H,dd, J=20,7.5 Hz, H-6), 1216 (1H, br 5,
OH)

Synthesis of B8,2-dihydroxyflavone (1) To a soln of meth-
vicellosolve (50 mly contaming 8 (17 g, 10 mmol) and 9 (14 g,
10mmol) a 3N KOH (10 ml) was added and the soln stirred
overmght After acidification with 1 N HCI and extraction with
EiOAc 10 was obtamned as orange needles, 24 g, mp 109-110°
(MeOH) MS m/z (rel int) 284 [M*](916), 26% (8.7), 253 (8 Q).
177 (11 1), 161 {11 6), 150 (95 6), 142 (80), 134 (25 1), 122 (100)
'H NMR (DMSO-d,) § 383, 392 (3H, brr1, J=769 Hz, H-5),
711 (1H, brd, J=769 Hz, H-3), 723 (1H, dd, J =806, 1.47 Hz,
H-6"), 746 (1H, di, J=147,7.65 Hz, H-4), 7 74 (1H, dd, J =1 46,
806 Hz, i7-4"), 793 (1H, d, J=1575 Hz, H-a), 795 (1H, dd, J
=146,769 Hz, H-6), 815(1H, d, J =1575 Hz, H-), 1269 (1H,
s, OH) A dry dioxare soln contaiung 10 (23 g, 8.1 mmol) and
DDQ (4 5 g, 16 mmol) was boiled under reflux for 7 hr By silhica
gel CC of the reaction muxture (eluent EtOAc-CgH,,), 2 was
obtamned as colourless needles (18g), mp 136° (EtOH)
'H NMR [270 MHz, (CD,),CO] é 401, 404 (3H, each s,
OMe), 702 (1H, s, H-3), 716 (1H,dt, J=11,7 51 Hz, H-5), 7 24
(1H, br d, J=806 Hz, H-3'), 735 (1H, d, /=6 59 Hz, H-5), 737
(1H, d, J=3 30 Hz, H-T), 756 (1H. ddd, J=146, 751, 806 Hz,
H-4) 764 (1H, dd, J =3 30, 6 59 Hz, H-6), 8 02 (1H, dd, /=1 46,
7.51 Hz, H-6") Toa a dichloromethane soln containmg 2 {1 2 g,
4 mmol) added BBr, (1 ml) at —70° The reaction mixture was
left at room temp overmght, poured into H,O and extracted
with EtQAc to give 1 as a yellow powder, mp >250° (EtCH)
The spectral data are shown in Tables 1-3

Syntheses of 3-7. According to our previous paper [5], 3
{mp 271-272°) (ltt [6] mp 273-274°), 4 {mp 197-198°) (it [7] mp
209°), S (mp 232-233° (dec) (it [8] mp 246° [dec]), 6 (mp
218-220°) (it [6] mp 250-251°), and 7 (mp 200-203"} (Lt [8] mp
200-202°) were synthesized and these samples used for the
spectral measurements
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