
Phytochemistry, Vol, 48, No. 3, pp. 547 553, 1998 
Pergamon , t  1998 Elsevier Science Ltd. All rights reserved 

Printed in Great Britain 

PII : S0031-9422(97)00919-9 0031 9422,98 $19.00+0.00 

SYNTHESIS OF 5-HYDROXY-6- AND 8-METHYLFLAVONES AND 
THEIR ULTRAVIOLET SPECTRAL DIFFERENTIATION 

M A R C E L L E  H A U T E V I L L E ,  M A R C E L L E  R A K O T O V A O ,  + M A R I E - C H R I S T I N E  DUCLOS and B E R N A R D  V O I R I N * t  

Laboratoire de Biochimie Analytique eI Synth6se Bioorganique and t Laboratoire de Biologic Micromol6culaire et 
Phytochimie, Universit6 Lyon I, 43 Boulevard du 11 Novembre 1918, 69622 Villeurbanne Cedex, France ; + Laboratoire de 

Produits Naturels, Facult6 des Sciences, Universit6 d'Antananarivo, Madagascar 

(Received in rerised fi~rm 22 September 1997) 

Key Word lndex--6-methylflavones; 8-methylflavones; 8-(p-hydroxybenzyl)flavones; UV 
spectral properties ; synthesis. 

Abstract--Ultraviolet spectra of fifteen natural or synthetic 6- and 8-methylflavones, with hydroxy group at 
C-5 and hydroxy or methoxy groups at C-7, were recorded in methanol and in presence of neutral or acidic 
aluminium chloride. Several spectral characteristics may be deduced which are typical of the C-methyl group 
position and distinguish these compounds from their 6-and 8-methoxy homologues. Moreover, for flavones of 
each the above-mentioned groups, B-ring substitution at C-4', C-Y,4' and C-3',4',5' (hydroxy and/or methoxy 
groups) may be differentiated. On the other hand, spectral differences are unimportant between 8-methyl- 
flavones and 8-(p-hydroxybenzyl)flavones, in a similar manner mono- or disubstituted at C-4' or C-Y,4'. 
During this work three 6-methylflavones and four 8-methylflavones were newly synthesized. ~ 1998 Elsevier 
Science Ltd. All rights reserved 

INTRODUCTION carried out in a three-step procedure, by dehydration 

In our previous paper on ultraviolet spectral analysis treatment (Step 3) of the crude products obtained by 
the Baker-Venkataraman rearrangement [3, 4] (Step 

of 151 flavones [1], we defined twenty groups accord- 2) of the corresponding C-methylphloracetophenone 
ing to substitution pattern-spectrum relationships 
elaborated by studying spectra in methanol (MeOH) triaroyl esters (Step 1). Each mixture was resolved by 
alone and with neutral or acidic aluminium chloride recrystallization from acetic acid giving the 6-methyl- 

flavone (13 [5, 6], 14 [6, 7], 15 or 16) whereas the 8- 
(+AIC13+HCI). Bathochromic shifts, locations, 
shapes and heights of four major peaks Ia and Ib, IIa methyl isomer (2 [5, 6], 3 [6, 7], 4 or 5) was recovered 

from the mother-liquors after concentration to dry- 
and l ib  were compared. Thus, distinguishing 6- and 

ness and recrystallization from pyridine. Following 8-methoxy- or methylflavones with hydroxy group at 
C-5 and hydroxy or methoxy group at C-7, spectral demethylation of each of the above-mentionedflavone 
characteristics were attempted but from a few corn- pairs, their hydroxylated homologues were obtained 
pounds belonging to groups 5 (1)and 6 (12)i.e. 8-and 1 [8] and 11 [8], 6 [9] and 17 [7, 9], 7 and 18, each 
6-methylflavones, respectively. A series of fifteen such mixture being resolved by preparative TLC, but yield- 
natural or synthetic compounds I T  and 11-18 being ing a small quantity of  flavone 18 which was finally 
today available, we improved the above-mentioned prepared according to the 8-methylluteolin synthesis 
analysis and compared with them three natural 8- procedure [9] i.e. by demethylation of flavone 20 

obtained from the ester 19. (p-hydroxybenzyl)flavones 8-10 (group 5') [2]. Seven 
The spectral data are listed in Table 1. All spectra, flavones were newly synthesized: 4, 5, 7, 15, 16, 18 

and 20. after addition of both AIC13 and HCI, exhibit the two 
bands la and Ib characteristic of flavones of class II 
whereas flavones of class I such as 6-methoxyflavones 

RESULTS AND DISCUSSION exhibit a single band Ib, as previously defined [1] 

The synthesis of isomeric 8- and 6-methylflavone (Table 2). The band Ia of 8-methyl- (group 5), 6- 
mixtures 2 and 13, 3 and 14, 4 and 15, 5 and 16, was methyl- (group 6) and phloroglucinol-like A-ring 

flavones (group 7) is lower than 396 nm whereas for 
8-methoxyflavones (group 15) this band is higher than 
397 nm. 

* Author to whom correspondence should be addressed. The flavones of group 7, without C-methyl groups 
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Fig. 1. UV spectra of isomer ltavones 1 and 11, 6 and 17, 7 and 18 in MeOH (--) ,  MeOH + AIC13(--) and MeOH + A1CI3 + HCI 
( - - - ) .  
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[1], and their corresponding C-methyl derivatives of at ca 300 nm, a shoulder between 292 and 298 nm and 
groups 5 (8-Me) and 6 (6-Me) may be discriminated a peak between 300 and 308 nm, respectively. 
by the spectral properties grouped together in Table 
2 corroborating previous results [1, 10]. Moreover, the 
flavones may be differentiated on the basis of the Distinction of 8-methoxy- and 8-methylflavones 

following subheadings. The 8-methoxyflavones (group 15 [1]) and 8-methyl- 
flavones (group 5) may be recognized from band Ia 

Distinction of 6- and 8-methylflavonesfrom spectra in (+A1C13+HC1) which is higher and lower than 397 
MeOH rim, respectively, whereas their B-ring substitution 

may be established from bands IIa and IIb. Thus, 
In the case of 6-methylflavones, the absorbance substituents at C-Y,4' agree with band IIa as a shoul- 

ratio values of bands I and II is higher than that for der or a peak at ca 300 nm and with double band Ilb 
their 8-methyl isomer (Table 2). as a main peak and a shoulder in 280-285 nm and 

255-264 nm ranges, respectively. Substituents at C-4' 

Distinction of 6- and 8-methylflavonesfrom spectra in and C-3',4',5' agree with a similar band IIa between 
MeOH + A lCl 3 + HCl 305 and 312 nm but with a value lower or higher than 

0.6 for the ratio below [1], respectively 
Spectra of 6-methylflavones show band Ia (389-395 

nm) as a shoulder whereas 8-methylftavones generally A ~ - A 
give a peak. A 2 - - A  

A~ = Band IIa absorbance, 
Distinction of 6- and 8-methylflavones with difJbrin9 B- A2 = Band IIb absorbance, 
rin 9 oxyyenation A = Absorbance at 320 nm (2~,). 

The substitution positions at C-4', C-3',4' or C- 
3%4%5' by hydroxy and/or methoxy groups are recog- 

EXPERIMENTAL 
nized for each flavone group. Thus, when a such sub- 
stituent is present at C-4', the bands IIa and l ib 

General 
(+  A1CI3 + HC1) are fused in a broad single peak at ca 
300 nm for 6-methylflavones 11 (Fig. la), 12 and 13 M.p.s. are uncorr. NaOH beads, 20~0 mesh 
and well separated for 8-methylflavones 1 (Fig. l b) (Sigma) or KOH powder (Merck) were used for 
and 2, band IIa being at 306 nm and the main peak Baker-Venkataraman rearrangement. TLC and prep. 
of band IIb at ca 280 nm. TLC (0.2 mm and 1 mm layers, respectively) were 

When substituents are present at C-Y,4', band IIa carried out on Merck F254 silica gel with solvent sys- 
occurs as a slight shoulder at 296 nm and band l ib as tems: (A) CH2CI2-Me2CO (19 : 1) ; (B) CH2C12- 
two peaks at 255 nm and 286 nm for 6-methylflavones MeOH (9 : 1) ; (C) CH2C12-MeOH (17 : 3), (D) C6H6- 
14 and 17 (Fig. lc), whereas for 8-methylflavones 3 Me2CO-Hexane (8:1 : 1) or (E) C6H6-MeOH (4: 1). 
and 6 (Fig. ld) band IIa occurs as a peak (6) or a The spots or bands were visualized under UV light 
shoulder (3) at ca 300 nm and double band IIb as a (254 and 360 nm) and by spraying bis-diazotized ben- 
main peak in the 280-283 nm region and another peak zidine followed by heating at 110 °. Prep. TLC bands 
in the range 255-261 nm. were eluted with MeOH. UV spectra were recorded on 

When substituents are present at C-Y,4',5', band Uvikon 860 Kontron spectrophotometer according to 
IIa appears as a peak between 300 and 304 nm for 6- the previously described procedures [1]. MS-FAB + 
methylflavones 15, 16 and 18 (Fig. l e )and  between spectra were recorded on VG ZAB2-SEQ spec- 
305 and 312 nm for 8-methylflavones 4, 5 and 7 (Fig. trometer. ~3C NMR spectra were recorded at 50 MHz 
1 f). on AC 200 Bruker spectrometer. 

On the other hand, no obvious spectral difference 5,7-Dihydroxy-2-(4-hydroxy-3,5-dimethoxy)phenyl- 
is observed which distinguishes 8-(p-hydroxy- 8-methyl-4H-l-benzopyran-4-one (4) and 6-methyl iso- 
benzyl)flavones8,9and 10fromthe 8-methylflavones mer (15). (a) Step 1: To a soln of C-methyl- 
similarly substituted on B-ring at C-4' or C-3',4' i.e. phloracetophenone [11] (0.5 g, 2.7 mmol) in anhy- 
from flavones 1, 2and  6. drous pyridine (ca 7 ml), (4-acetyloxy-3,5-dime- 

thoxy)benzoyl chloride (2.5 g, 10 mmol) was slowly 

Distinction of 6-methoxy- and 6-methylflavones added and then 4-(dimethylamino)pyridine catalytic 
amount (ca 10 rag). The mixture was stirred for 5 h at 

The 6-methoxyflavones (group 1 [1]) and 6-methyl- room temp., poured into an ice-water mixture (ca 150 
flavones (group 6) may be easily recognized from the ml) and then neutralized with 12 M HC1. The gummy 
absence or presence of band Ia (+  AICI3 + HC1) product was poured off, triturated with satd NaHCO3 
respectively, whereas band IIa provides information soln (2 x 100 ml) and then washed until the filtrate 
on B-ring substitution. Thus, substituents at C-4', C- was neutral. (b) Step 2 : The dry solid was dissolved 
3%4' and C-3',4',5' agree with band Ila as a main peak in DMSO and stirred with NaOH bead suspension 
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Table 2. Spectral differences between flavones of groups 1, 5, 6, 7 and 15 

band I 

. . . . . . . . . . . . . . . . . . . . .  MeOH + AIC13 + HCI . . . . . . . . . . . . . . . . . . . . .  

l single band Ib (350-381 nm) ] two bands la and Ib 
i 

class I ] class II 

Ia < 395 nm Ia 397--406 nm 

> 270 nm k M'°H II < 270 nm max MeOH 
k max II 270-277 nm 

: and 

I lla < 280 nm X max l/ > 270 nm > 280nm ;k~, + HCI MeOn ¼ I : [ ' 

B-ring substitution MeOH* AX** (Ia) MeOH ° AX (Ia) AX (Ia) 

4 o a o _  tl 3',4' : without diOH system > 55 < 55 
<0.92 >55 >0.96 

3',4',5' : with 4'-OMe 

3',4' : with diOH system } ) ) 
41--44 41-45 36-40 

3',4',5' : with 4'-OH < 1.2 > 1.49 

Group 1 Group 5 Group 6 Group 7 Group 15 

6-OMeflavones 8-Meflavones 6-Meflavones Phlorc~ 8-OMetlavones 
~ u c ~ a -  
like A-ring 
flavones 

* Absorbance ratio value of bands I and II. 
** Band I bathochromic shift (nm), with both A1C13 and HCI, in relation to B-ring substitution. 

(6 g, 0.15 mol) for 1 h at room temp. The mixture in dry toluene (10 ml) was refluxed for 30 min. After 
poured into an ice-water mixture (ca 150 ml) was kept 4 M HC1 addition (4 ml), the mixture was refluxed for 
at room temp. for 3 h and then neutralized with HOAc 10 min and then toluene was evaporated. After water 
giving a precipitate which was filtered off, washed with addition (ca 20 ml), the precipitate was filtered off, 
water and then dried. (c) Step 3 : The solid in HOAc washed with water and recrystallized from Me2CO- 
(ca 8 ml) and 3 drops of 18 M H2SOa were refluxed H20 (ca 2: 1) and then twice from MeOH to give 7 
for 15 min before pouring into ice. The precipitate, (25 mg, 30%), m.p. > 355 ° dec; Rf0.72, solvent sys- 
filtered off, was recrystallized three times from HOAc tem (C) ; MS-FAB + m/z : 317 [M + H] + ; ~3C NMR 
yielding 15 (15 mg), m.p. 290-293 ° dec; RI 0.29, sol- (DMSO-d6) : 3 7.56 (CH3-8), 98.1 (C-6), 101.9 (C-8), 
vent system (B); MS-FAB + re~z: 345 [M+H] +. The 103.2 (C-3), 103.5 (C-10), 154.4 (C-9), 158.7 (C-5), 
mother-liquors were concd to dryness. The residue 161.8 (C-7), 163.8 (C-2), 181.9'(C-4). 
recrystallized three times from pyridine afforded 4 (l 1 5,7-Hydroxy-2-(3,4,5-trihydroxyphenyl)-6-methyl- 
mg), m.p. 298-303 ° dec; RT 0.24, solvent system (B); 4H-l-benzopyran-4-one (18). The crude product of 5 
MS-FAB + m/z : 345 [M + H] +. and 16 synthesis Step 3 (70 mg) was heated with anhy- 

5,7-Dihydroxy-2-(3,4,5-trimethoxyphenyl)-8- drous pyridine hydrochloride (2 g, 17 mmol) at 230- 
methyl-4H-l-benzopyran-4-one (5) and 6-methyl iso- 240 °, under vacuum for 1 h. After water addition, the 
met (16). The procedure described above for the prep- brown mixture was extracted with EtOAc (3 x 10 ml). 
aration of 4 and 15 was repeated from C-methyl- The residue, obtained by concentration to dryness of 
phloracetophenone [11] (0.5 g, 2.7 mmol) and 3,4,5- all the EtOAc fractions, was recrystallized twice from 
trimethoxybenzoyl chloride (2.3 g, 10 mmol), yielding MeOH to give a mixture of 7 and 18. Prep. TLC gave 
16 (13 mg), m.p. 286-288°; Rf 0.48, solvent system 18 (8 mg), m.p. > 360 ° dec; R~ 0.62, solvent system 
(A); MS-FAB + re~z: 359 [M+H] + and 5 (10 mg), (C); MS-FAB + m/z: 317 [M+H]+;  ~3C NMR 
m.p. 275-277°; R r 0.31, solvent system (A); MS- (DMSO-d6): 3 7.24 (CH3-6), 92.7 (C-8), 102.7 (C-3), 
FAB + m/z: 359 [M+H] +. 102.9 (C-10), 103.3 (C-6), 154.8 (C-9), 158.5 (C-5), 

5,7-Dihydroxy-2-(3,4,5-trihydroxyphenyl)-8- 162.0 (C-7), 163.7 (C-2), 181.4 (C-4). 
rnethyl-4H-l-benzopyran-4-one (7). A mixture of 20 l-[2-(3,4,5-Trimethoxybenzoyloxy)-4,6-dimethoxy- 
(0.1 g, 0.2 mmol) and anhydrous A1C13 (0.4 g, 3 mmol) 3-methyl]ethanone (19). A mixture of 3,4,6-tri- 
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methylphloracetophenone [12] (1 g, 48 mmol) and 2. Merghem, R., Jay, M., Viricel, M. R., Bayet, C. 
3,4,5-trimethoxybenzoyl chloride (2 g, 87 mmol) in and Voirin, B., Phytochemistry, 1995, 38, 637. 
anhydrous pyridine (10 ml), was refluxed for 4 h. The 3. Baker, W., J. Chem. Soc., 1933, 1381. 
gummy product, obtained after water addition and 4. Hauteville, M., Chadenson, M. and Chopin, J., 
neutralization with 12 M HC1, was extracted with Bull. Soc. Chim. Fr., 1973, 1781. 
EtOAc (3 × 25 ml). The organic layer grouping was 5. Jain, A. C., Sarpal, P. D. and Seshadri, T. R., 
washedwith satd NaHCO3 soln (3 x 50ml), withwater Indian J. Chem., 1966, 4(11), 481. 
until neutral pH and then concd to dryness. The resi- 6. Hauteville, M., Gaillard, P., Kaouadji, M. and 
due was recrystallized twice from EtOAc to give 19 (1 Duclos, M. C., Liebigs Ann., 1996, 1217. 
g, 52%), m.p. 173-175°; Rj 0.30, solvent system (D). 7. Islam, A. and Krishnamurti, M., Indian J. Chem., 

5 ,7-Dimethoxy-2-(3,4 ,5- tr imethoxyphenyl)-8-  1981, 20B, 624. 
methyl-4H-l-benzopyran-4-one (20). A stirred mixture 8. Chopin, J. and Chadenson, M., C. R. Acad. Sci. 
of 19 (0.8 g, 2 mmol), KOH powder (0.8 g, 14 mmol) Paris, 1966, 262, 662. 
and anhydrous pyridine (ca 8 ml) was allowed to stand 9. Bannerjee, N. R. and Seshadri, T. R., J. Sci. Ind. 
at room temp. for 30 min. Dilution and neutralization Research (India), 1954, 13B, 598. 
with HOAc gave a precipitate filtered off and then 10. Barberan, F. A. T., Ferreres, F. and Tomas, F., 
washed. The dry solid dissolved in HOAc (6 ml) and Tetrahedron, 1985, 41(23), 5733. 
18 M HzSO4 (20 /~1) was refluxed for 15 min. The 11. Riedl, W. and H~ibner, H., Chem. Ber., 1957, 90, 
crystals, formed on keeping at room temp., were ill- 2870. 
tered off and then recrystallized twice for MeOH to 12. Curd, F. H. and Robertson, A. J., J. Chem. Soc., 
give 20 (0.54 g, 70%), m.p. 221 222°C" R 1 0.56, 1933, 437. 
solvent system (E); MS-FAB ÷ re~z: 387 [M +H] +. 13. Wollenweber, E. and Kohorst, G., Z. Natur- 

Jorsch., 1981, 36C, 913. 
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