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Abstract-The spectra of 151 flavonoids were measured in methanol alone and with added aluminium chloride and 
hydrochloric acid. A bathochromic shift in the presence of aluminium chloride separated llavonoids with a 3’,4’-0- 
dihydroxy system. The different tlavonoids may be divided into two classes according to the shape of band I (single or 
double peak) in the presence of aluminium chloride + hydrochloric acid. Flavones and 3-methoxyflavones may be 
differentiated through their different UV spectral properties. In addition, it is possible to define the positions of 
substituents on the A (6; 8 and 6,8)- and B (4’; 3: 4’; 3’, 4’, S’)-rings in most cases. 

INTRODUCTION 

Useful information on the structure of llavonoids can be 
gained by comparison of their UV spectra in methanol 
and in the presence of a number of spectral shift reagents 
[1,2]. However, these spectral data have never been 
examined in order to distinguish, among those com- 
pounds with a free S-hydroxyl, substances which either 
have or lack %methoxysubstitution [3]. ‘H NMR 
spectroscopy has often been used to provide unequivocal 
distinction between these two classes of compounds[2,4] 
though it has the disadvantage of requiring mg quantities 
for analysis. In most cases, this method can be replaced by 
examining the UV spectra in methanol or methanol + 
aluminium chloride + hydrochloric acid as shown from 
the results reported here for more than 140 flavonoids 
(Table 1). These compounds rniy be easily identified by 
their purple fluorescence in UV light and by their spectra 
in methanol since the majority exhibit an A maximum in 
the long UV range (band I), above 326 nm, and generally 
the ratio of the A of band I-band II is greater than 0.7. 
Furthermore, this study provides information on the 
number and position of substituents that may be present 
on the A- and B-rings which renders it useful in those cases 
when only minute amounts of flavonoids are available for 
analysis. 

RESULTS 

The presence (or absence) of a Y$-odihydroxy system in 
tivonoids can normally be deduced from examination of 
their UV spectrum in methanol, before and after addition 
of sodium acetate + boric acid [S] or aluminium chloride 
f hydrochloric acid. In the latter case [1,2,6], the forma- 
tion of complexes (Scheme 1) in the presence of alumin- 
ium chloride is stable or labile to pH. 

Although Harborne [7] suggested the use ofaluminium 
chloride for the detection of o-dihydroxy groupings as 
early as 1954 his method was not sufficiently developed at 
that time [l]. Now that much more data are available, it is 
clear that the shape and position of band I in the methanol 
+ aluminium chloride spectrum will reveal the presence 
of a 3’, 4’dihydroxy grouping in &ones and 3-methoxy- 
tlavones; the compounds possess such a system when there 
is a single peak between 420 and 454 nm or, if the I_ of 
band Ia is above 449 nm, when this spectrum presents two 
bands, Ib and Ia (Fig. 1). The further addition of 
hydrochloric acid is also very revealing. Whilst Mabry et 
al. [l] indicated that, “the AlCl,-HCl spectrum of 5- 
hydroxyflavones typically consists of four major absorp- 
tion peaks, band Ia, Ib, IIa, IIb” (Fig. 2), I have found that 
in some cases band Ia may be completely absent. So far the 
flavonoids may be divided into two classes: the com- 
pounds of class I exhibit a single band (Ib) in contrast to 
the llavonoids of class II where Ib and Ia are present (Fig. 
1). 

Furthermore, from the data furnished by the spectra 
run in methanol and after addition of both neutral and 
acidic aluminium chloride, it is possible to define the type 
of substitution at position 3 of the llavonoid skeleton. The 
various llavones and 3-methoxyllavones can then be 
subdivided into 20 groups according to the number and 
position of substituents on ring A and the heterocyclic 
ring (Tables 2 and 3; Fig. 3). 

FLAVONOIDSOFCLASSI 

Only the compounds of this class (groups 14) exhibit a 
single peak for band I both in neutral and acidic 
aluminium chloride solution. The 1, is always below 
381 nm in aluminium chloride + hydrochloric acid. They 
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“eoH A~,-,, _ n”+~‘cL “,-, ) “+‘J. 
OH 0 0 0 0 0 

‘Al.’ 'Al." 
/\ /l 

CL Cl CL Cl 

R = H or OMe 

Scheme 1. The types of complexes that aluminium chloride forms with 5-hydroxyllavones and 5-hydroxy-3- 
methoxyflavones with a 3’,4’-odihydroxy system in the B-ring. 

AlCl. 

Single peak - ti Two bands 
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A mm 

352 - 396 nm 
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A moi 

420 - 454 nm 

3’. 4’-o-di01 
system 

X(nmI 

A no. 

350 -361 nm 

X(nm) 

Class I 

A nnx 

lb la-=449nm 

X(nm) 

AlCl,+ HCL 

\ 
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.\ \ 
X(nm) 

Class II 

A ma, 

I b la> 449 nm 

3’, 4’- 0 - d!OH 
system 

X(nm) 

Fit 1. Spectral modifications of band I of Shydroxytlavones and 5-hydroxy-3-methoxytlavones with 4’-, 3’,4’- or 
3’,4’,5’-substituted B-rings in the presence of aluminium chloride and aluminium chloride + hydrochloric acid. 
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4 Ilb lb 

xtnm) 

Fig. 2. ‘Methanol + ahuninium chloride + hydrochloric acid’ 
typical spectrum of S-hydroxyflavones. 

always have 6-O-substitution. Nevertheless, from this 
class are excluded 3,6dimethoxyflavones for which bands 
Ia and Ib are always present, the former appearing most 
often as a shoulder. This contrasts with the previous 
observations [&lo]. Moreover, for compounds of class I, 
the shift of band I on addition of aluminium chloride 
+ hydrochloric acid varies from 19 to 31 nm which are 
slightly higher values than those indicated by Mears and 
Mabry [8]. 

From the position of band II in the methanol spectrum, 
most flavonoids of class I may be further divided into two 
categories: 6-methoxyflavones (group 1) which have a 
maximum below 279 nm, and 6-hydroxyflavonoids 
(groups 2-4) which exhibit a higher value (Tables l-3). 
Among the 33 compounds examined of class I, only two 
compounds, which unfortunately were not available as 
reference samples, do not conform to this rule, namely 
5,6,7,4’-tetrahydroxyG’-methoxyllavone (nodifloretin) 
A_ 276nm [ 1 l] and 5,6,7,3’,4’-pentahydroxy-3- 
methoxytlavone, A_ 258, 270sh nm [ll]. Moreover, 
some data have to be corrected: Shen et al. [12] indicate 
for $64’~trihydroxy-3,7,3’-trimethoxyllavone (chryso- 
splenol C) a band at 433 nm in aluminium chloride; in fact 
this compound, which lacks a 3’4’~odihydroxy system, 
lacks a shoulder at this value; Shen [13] indicated that 
quercetagetin 3,3’dimethyl ether (5,6,7,4’-tetrahydroxy- 
3,3’dimethoxylIavone), first isolated from Parthenium 
tomentosum [14,15] was incorrectly assigned. He suggests 
that the compound isolated was the 3,7dimethyl ether. 

Finally, the compounds in groups l-4 have an A ratio of 
band I-band II in methanol greater than 1, the 6-0- 
substitution producing a hypsochromic effect on band II. 

Different B-ring substituted 6-methoxytlavones (group 
1) may be distinguished by their bands, IIa and IIb in 
aluminium chloride (neutral or acidic): 4’-substituted 
compounds exhibit a main peak at ca 303 nm and 

Table 2. UV spectral properties of tlavonoids of class I 

Solvent 
Position of band I 

max 
3’,4’+Dihydroxy 

system 

MeOH + AlCl, 

MeOH + AlCl, + HCl 

Peak 350-396 nm or 
peak > 415 nm 
Peak 35&381 nm 

- 

+ 

Position of band II max in MeOH 

> 279 nm 

Substitution at C No. < 279 nm < 283 nm 284-286 nm 292 nm 

3 
6 
8 
Group 
Figs. 

H OMe H H 
OMe OH OH OH 
H H H OMe 
1 2 3 4 
58 9-11 12and 13 - 

Table 3. Spectral characteristics [positions of band II maxima (nm)] which distin- 
guish between tIavones of groups l-4 

Solvent 1 2 3 4 

MeOH < 279 279-281 283-286 292 
AlCl, + HCl 4 301-303 297 302 - 
(B-ring substitution) 3’,4 280-290 295-296 290-297 305 

31,415 28(X289 296 - - 
Spectral shift in band I after adding AlCl, 
+ HCl 19-26 26-31 23-28 26 
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MeOH + AICL. smg1ePeOk lb > 415 “m or two peaks lband la 

Lower than 449 “ml A 
Port A - 
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Greater than 435 n, 
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Lower 
than 
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8 - hydroxy - 
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Group 20 

j-O-or C-m&h 
I- methoxyflavones 

271 nm 

I 

271 nm 

I 

6.8 -d,methoxy --or 

6,8-d,-C-methyl 

flavonads 

3 - methoxyflownes 

v&h a phlolcql”cl”Ol 

type A r,ng 

8 - substituted 

flavcno,ds 

8ro”ps 5-7 Groups IO- 13 Groups 15-19 Groups 8 and 9 Group 14 

L 

Fig. 3. UV spectral properties which distinguish between flavones of class II. 

inflections (or shoulders, for distinction see Fig. 4) at ca 
262 and 291 nm, respectively (Fig. 5) in the two solutions; 
3’4’disubstituted compounds have a double peak at ca 
260 and 28&290 nm as well as an inflection at 
292-298 nm either in neutral solution (compounds with- 
out odihydroxy system, Fig. 6) or in acidic solution for o- 
dihydroxy derivatives (Fig. 8); in neutral aluminium 
chloride for the latter, a main peak appears at ca 275 nm 
and a shoulder at 302-306 nm; all the 3’,4’,5’-trisubsti- 
tuted derivatives examined present in acidic aluminium 
chloride a shoulder at ca 257 nm, a peak at 280-289 nm 
and a band at 300-310 nm (Fig. 7). 

Similarly, the distinction between 6-hydroxy-3- 
methoxyflavones (group 2), 6-hydroxyflavones (group 3) 
and 6-hydroxy-8-methoxyflavones (group 4) is based on 
the position of the band II maxima in methanol, i.e. below 
283 nm (Figs. 9-11) for group 2 compounds and above 

OH 0 

356 

x Grl 

i- 

_A s A X(nm) 

Fig. 5. 

283 nm for group 3 and 4 compounds (Figs. 12 and 13; 
Table 2). Sakakibara and Mabry [9] have noted a spectral 
shift in band I after addition of aluminium chloride 
+ hydrochloric acid of ca 25-30 nm for 6-hydroxy com- 

AtNIl) A(Wll) 

Fig. 4. Distinction between inflection (i) concave curve, and 
shoulder (s) convex curve. 
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Fig. 7. 

OH 
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Fig. 8. 
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Fig. 9. 
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Fig. 10. 
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Fig. 13. Fig. 11. 
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pounds and 1623 nm for 6-methoxy derivatives. 
However, these data do not always distinguish between 6- 
hydroxy and 6-methoxy substitution (Table 3). 

Among the 6-hydroxyflavones (group 3), only the 4’- 
and 3’,4’-substituted derivatives are presently known; the 
4’derivatives exhibit, in neutral or acidic aluminium 
chloride, a characteristic peak at ca 303 nm (Fig. 12), as 
with the related compounds of group 1, but its shape is 
sharper; in acidic solution, spectra of 3’,4’-di-O- 
substituted derivatives have a main peak at 290-297 nm 
and a secondary band at ca 260 nm (Fig. 13). 

Except for 4’-monosubstituted flavones, all the 6- 
hydroxy derivatives exhibit, in aluminium chloride 
+ hydrochloric acid a main peak (Ha) at 290-297 nm 
(Figs. 9, 10 and 13); there is one exception, namely 
5,6,7,3’,4’-pentahydroxy-3-methoxy!Iavone [l 11. For the 
only known 6-hydroxy-8-methoxyflavone (thymonin) 
[16], the main peak appears at 305 nm. Moreover, for 
3’,4’,5’-trisubstituted derivatives of groups 1 and 2, we 
observe that 4’-0-methylation induces a hypsochromic 
shift in band I in methanol of ca 17-24 nm, which is a 
useful means of detecting such a substituent. A combi- 
nation of these spectral characteristics thus provides a 
method for distinguishing the !Iavonoids of these four 
groups (Table 3). 

FLAVONOIDS OF CLASS II 

The addition of aluminium chloride produces either 
two or one peak and an inflection (Ib and Ia), or there is 
one peak with a maximum between 420 and 454 nm; in 
this latter case, or if Ia is higher than 449 nm, the methanol 
+ aluminium chloride spectrum permits the direct detec- 
tion of the 3’,4’-odihydroxy system. All the spectra of 
compounds of this class, after addition of hydrochloric 
acid, exhibit two peaks, Ia and Ib (Fig. 1). 

Based on the value of Lz3 (lower or higher than 
449 nm), ilavonoids may be divided into two groups, A 
and B. Within group A, with a maximum below 449 nm, 
according to the I,, A’C’3+HC’ of band Ia (lower or greater 
than 395 nm), the compounds may be further subdivided 
into two categories (Fig. 3). Thus, a value lower than 
395 nm characterizes a flavone substituted by a C-methyl 
either at C-8 (group 5) or C-6 (group 6), or a 8avone with a 
phloroglucinol-type A ring (group 7). These latter com- 
pounds exhibit a weak shift of band Ia in methanol 
+ aluminium chloride + hydrochloric acid/methanol 
(3655 nm), in contrast to the 6-or 8-Cmethylflavones (co 
60 nm). Nevertheless, since the number of known 6- or 8- 
C-methyl&ones is at present limited to those which are 
also substituted in the 4’-position, these characteristics 
should be used with prudence. 

6- and 8-C-methyl-4’-substituted flavones may also be 
distinguished from their spectra in methanol band II, 
being more intense in the case of 8GmethyllIavones 
(ratio A band I-band II lower than 0.9). In the presence of 
aluminium chloride, band IIa of I-C-methyl-4’- 
derivatives is located at ca 310mn, while for a 6-C- 
methyl-4’-derivative this band appears at 301-302 nm as 
for 6-methoxy, 6-hydroxy- or phloroglucinol-type A ring- 
4’-substituted compounds (Figs. 14, 15 and 17b). Finally, 
band Ia of 6Gmethylflavones in aluminium chloride 
appears as a shoulder; by contrast, in I-C-methylflavone, 
and in the majority of tlavones with a phloroglucinol type 
A ring, this band appears as a peak. 

In group 7, where all the compounds have a band 

I I I 

300 400 

Xtnm) 

Fig. 14. 

I I I 
300 400 

X(nm) 

Fig. 15. 
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I-band II A ratio in methanol of greater than one, the 
disubstituted B-ring derivatives are characterized in 
aluminium chloride + hydrochloric acid by band IIa at 
293-296nm and a double band IIb at 259264 and 
276279 nm of almost equal intensity (Figs. 16, 17a and 
19). In mono- and trisubstituted B-ring derivatives, band 
IIa is always at a wavelength greater than 297 nm. In the 
aluminium chloride spectrum, the ratio, A band IIa 
-Al,, ca 320 rim/A band IIb - AIZ,, 320 nm is higher 
than 0.7 for the 4’-derivatives and lower than 0.45 for a 
3’,4’,5’-trisubstituted compound (Figs. 15, 17b, c, 18 and 
20). Finally, 0-methylation at C-4’ of 3’,4’,5’-derivatives 
produces a hypsochromic shift in band I in methanol of 
19-23 nm. 

OH 

OMC 

Mea 1: 

ti 

:I O1 

on 0 

The second category of &ones which have a maxi- 
mum in the presence of aluminium chloride+ hydro- 
chloric acid at wavelengths greater than 395 nm may be 
subdivided into two groups according to the shape 
(shoulder or peak) of band Ia. If Ia is a shoulder (or an 
inflection) all the compounds are 6-substituted; a shift of 
less than 68 nm in the position of Ia relative to that of 
band I in methanol is typical of 6-methoxy- or 6-C- 
methyl-3-methoxyllavones (groups 8 and 9), while a shift 
greater than 68 nm characterizes 6- and 8-dimethoxy- or 
diC-methyl-substituted tlavonoids (groups N-13). When 
band Ia is a peak, its position either below or above 
435 nm defines two ensembles, the first reunites groups 
14-19, while the second is constituted by group 20. In the 
ensemble of groups 14-19, when band II in methanol 
(single peak or secondary band) is less than 271 nm, this is 
typical of 3-methoxytlavone with a phloroglucinol type A- 
ring (group 14); when band II is above 271 nm, this 

300 400 

X(nm) 

Fig. 16. 
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OMe 

Gr 7 

I I 

300 400 

Xtnm) 

Fig. 18. 

characterizes I-substituted compounds (groups 15-19, 
Fig. 3). 

The spectra of 6-methoxy- or 6-C-methyl-3-methoxy- 
tlavones in the presence of aluminium chloride 
+ hydrochloric acid exhibit band Ia which appears as a 
shoulder (or inflection) between 400 and 414 nm in 20 of 
21 compounds examined. The one exception is 5,4’- 
dihydroxy-3,6,7,3’,5’-pentamethoxyflavone [17] which 
has band Ia as a peak at 420nm. However, we have 
observed that this band decreases as a function of time to 
become a shoulder. Moreover, this compound in meth- 
anol has an unusual band I, inflection at 344 nm and a 
peak at 360 nm. 

Whenever band Ia is present, the magnitude of the shift 
for compounds of groups 8 and 9 is ca 60 nm (53-68 nm in 
our samples). This finding disagrees with the results of 
Mears and Mabry [8] and Sakakibara and Mabry [9, lo]. 
On the other hand, while 6-C-methyl-3-methoxyflavones 
exhibit the same magnitude of shift as 3,6_dimethoxy 
derivatives, such a value is ,not restricted to 6-0- 
substitution. These different UV data are, nevertheless, 
insufficient for distinguishing between 6-methoxy- or 6-C- 
methyl-substitution. 

Within groups 8 and 9, 4’- and 3’,4’,5’-substituted 
compounds without an odihydroxy system in the B-ring 
have, in aluminium chloride + hydrochloric acid, a peak at 
28fL285 nm and a shoulder at longer wavelengths, 
302-306 nm of high A for 4’derivatives (Figs. 21 and 26), 
pd 308-310 nm of lower A for 3’,4’,5’derivatives (Figs. 
23 and 27), with one exception, murrayanol. 4-O- 
Methylation of trisubstituted compounds may also be 

OH 

OH 

HO 

OH 0 

272 I 

detected by the hypsochromic shift of band I in methanol 
which amounts to ca 20 nm (Figs. 23 and 24). 

The position of band II in aluminium chloride 
+ hydrochloric acid appears to be a good means for 
distinguishing the nature of the 6-substituent among the 
homologous B-ring-substituted flavonoids: 4’derivatives 
of groups 8 and 9 have a main peak at 282-284 nm while 
those of groups 1 and 3 (6-hydroxy- and 6-methoxy- 
flavones) appear at ca 302 nm and those of group 2 (6- 
hydroxy-3-methoxytlavones) at 297 nm; 3’,4’derivatives 
of groups 8 and 9 present three bands at 260-269,280-286 
and 300-302 nm (Figs. 22 and 25) in contrast to the 6- 
hydroxy homologues (groups 2 and 3) which exhibit only 
two bands at 255-267 and 29G296 nm (Figs. 9,11 and 13). 

Among the 8avonoids with a 6,8-dimethoxy- or di-C- 
methyl-substituted A-ring (groups lO-13), the batho- 
chromic shift may be determined using band I in methanol 
as reference, although a very slight shoulder may be 
observed towards 350-370nm with 4’-substituted 3- 
methoxyIIavones (Fig. 28). Both the A,, of band II and 
the shape of its aluminium chloride + hydrochloric acid 
spectrum are important for these compounds. Known 
derivatives with 3’,4’-substitution have band IIa appearing 
at ca 304 nm (Figs. 30 and 35) while 4’- and 3’,4’,5’- 
derivatives have band IIa at 307-3 13 nm (Figs. 28,29,3 1, 
32, 34 and 36); among these latter, 3-methoxytlavones 
(groups 10 and 11) and other lkrvones (groups 12 and 13) 
may be differentiated by the shape and the A%$‘” of band 
II. The flavone derivatives have a main peak at 
280-286 nm and an inflection at 294298 nm (Figs. 32,34 
and 36), whereas the 3-methoxyflavones lack such an 
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inflection (Figs. 28,29 and 31). Moreover, the aluminium 
chloride + hydrochloric acid spectrum of 3-methoxyfIa- 
vanes exhibits a main peak IIbat 284292 nm (Figs. 28,29 
and 31), whereas those of Havones exhibit their main peak 
IIa at 308-313 nm (Figs. 32, 34 and 36). Within the 3- 
methoxy derivatives of groups 10 and 11 and the flavones 
of groups 12 and 13 the UV data do not indicate the 
nature of 6,8_disubstitution (dimethoxy- or diGmethyl) 
or the degree of substitution in the B-ring (4’ or 3’,4’,5’). 
Among the 3’,4’-derivatives, only the 6,gdimethoxy sub- 
stituted compounds are presently described, but dif- 
ferentiation between 3-methoxy- and other flavones 
cannot be made (groups 11 and 12). 

The bibliographic data on IIavonoids of group 11 are 
incomplete [18, 191. Moreover, the L_ of band I 
(352 nm), reported by Liu and Mabry [20], for 5,7- 
dihydroxy-3,6,8,4’-tetramethoxyflavone does not corres- 
pond to the value (335 nm) that we have measured (Fig. 
29). 

For tlavonoids of group 14, the peak of band II in 
methanol of 3-methoxyflavones is always below 271 nm 
(single peak 264-269 nm, (Figs. 37 and 39) or double peak 
250-258 and 262-270 nm (Figs. 38,40 and 41)). Moreover, 
the I*~s+“~ of band Ia is 39&405 nm and the magni- 
tude of the shift Ia/I in methanol is 43-54 nm. These three 
measurements together provide a means of identifying 
such compounds. A double band II in methanol charac- 
terizes all 3’,4’-derivatives as well as 3’,4’,5’-trisubstituted 
compounds with a 3’,4’-o-dihydroxy system (Figs. 38,40 
and 41, respectively). 4’- and 3’,4’,5’-Derivatives lacking a 
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3’,4’-o-dihydroxy system have almost the same UV spec- 
tral characteristics (Figs. 37 and 39). However, the A of 
band IIa in aluminium chloride is more intense for the 4’- 
derivatives. 

Among the tlavonoids which possess substitution at C- 
8 (groups 15-20), it is possible to separate those with a 4’- 
or 3’,4’,5’-substituted B-ring from those with 3’,4’di- 
substitution: in the methanol spectrum, a single peak at 
273281 nm characterizes the former (Figs. 42,45,47,49 
and 51), whereas two peaks at 253262 and 272-280 nm 
are typical of the latter (Figs. 43, 44, 46, 50 and 52). 

Among the 4’- and 3’,4’,5’-substituted flavones, a major 
peak in methanol at 273-278 nm (Figs. 42, 45 and 47) 
appears characteristic of 8-methoxy compounds (groups 
15 and 16), whereas that at 305 nm (Figs. 49 and 51) 
indicates a free hydroxyl at C-8 (groups 17 and 18). Within 
I-methoxy compounds, a maximum for band Ia in 
aluminium chloride + hydrochloric acid at 397406 nm 
appears to be characteristic of tlavones from group 15 
(Figs. 42-44), whereas a maximum at 415-424 nm is 
typical of 3-methoxytlavones from group 16 (Figs. 4548). 

Much of the spectral data reported for the 13 llavones 
which belong to group 15 are incomplete [21-241. 
Moreover, the published data for 5,7dihydroxy-8,4’- 
dimethoxytlavone are conflicting. Goudard [25] reported 
the following dam. UV lEHnm (log s): 275 (4.34), 298 
(4.27), 322 (4.26); 1 En+*103 nm: 285,310,358 (we have 
confirmed and extended these data, see Table l), whereas 
Lin et al. [26) found 1 #$n nm (log E): 274 (4.12) and 332 
(4.32) and ,Q$$Jn+AlQ mn: 301 and 360 (shoulders at 264 
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and 292). Since the ratio of band I-band II is greater than 
one in methanol and there is a peak at 301 nm in the 
aluminium chloride spectrum, the compound studied by 
Lin et al. appears to be a 6-methoxy-4’-substituted &one 
(see group 1 above). On the other hand, the data presented 
by Goudard [25] fit in with those expected for an 8- 
methoxyflavone. Recently, Markham [27] has published 
the revised structure of cirsitakaogenin but he has not 
indicated the UV values. 

In the same way, the data published by Le Quesne et al. 
[28] for 5,4’dihydroxy-7,8,3’-trimethoxyllavone and 5,3’- 
dihydroxy-7,8,4’,5’-tetramethoxytlavone are also conflict- 
ing. The various spectra of these compounds do not 
present the expected values of 8-methoxyllavones, pre- 
viously described both in methanol and in the presence of 
neutral or acidic aluminium chloride. Also, the relative 
abundance of [M] + and [M - 15]+ peaks in the mass 
spectrum indicated by Le Quesne et al. [28] are not typical 
of S-hydroxy-7,8dimethoxytlavones according to the 
rules defined by Goudard et al. [29]. 

The majority of compounds of group 16 exhibit four 
bands in methanol with major peaks at 273-278,300-305 
(sh), 322-328 and 356362 nm (Figs. 46-48). 
Characteristically for g-substituted IIavones, the ratio of 
the A band at 356-362 nm to that at 273-276 nm is less 
than 0.75. The UV data do not distinguish between mono- 
and trisubstitution in the B-ring. Among the 3’,4’,5’- 
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Fig. 39. 

trisubstituted compounds of group 16, 5,7dihydroxy- 
3,8,3’,4’,5’-pentamethoxyflavone (conyxatin) is remark- 
able in having a peak at 402 nm in the methanol spectrum 

c301. 
There are no 3’,4’,5’-trisubstituted derivatives among 

the 8-O-substituted 8avones of groups 17 and 18. The 4’- 
derivatives again have four major bands at 280-281, 
302-306,328330 and 360-366 nm (Fig. 49). The peak at 
302-306 nm appears a major band in compounds of 
group 17 (7.8-odihydroxy system, Fig. 49) and 18 (8- 
hydroxy-7-methoxyderivatives, Fig. 51). There is a smal- 
ler shift in the presence of aluminium chloride 
+ hydrochloric acid in band Ia for compounds of group 
17 than for those of group 18. 

Within groups 1419, no compounds are known in 
groups 17 and 19 where the 3’,4’dihydroxy system is 
masked by methylation; the 3’,4’derivatives of groups 16a 
and 17a with a free 3’4’dihydroxy system have a long 
wavelength maximum in the presence of aluminium 
chloride above 449 nm (part B pro parte). Among the 
remaining 3’,4’dihydroxy llavonoids, g-substituted, 8- 
methoxy- or C-methyl-substituted-3-methoxyflavones 
[31] (groups 16and 19)haveadoublebandinmethanolat 
332-340 mn inflection and 360-366 nm (Fig. 46), while the 
related 8-methoxyflavones (group 15) lack this double 
band (Figs. 43 and 44). However, the UV spectral data do 
not permit the separation of 3’p’derivatives of groups 15 
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(8-methoxyflavones) and 18 (&hydroxytlavones). 
3-Methoxyflavones with I-hydroxylation (group 20) 

have a peak in aluminium chloride + hydrochloric acid 
above 435 nm. All these derivatives have four bands in the 
methanol spectrum, the longest wavelength band at, 
365-378 nm appearing as a shoulder. In the case of 4’-and 
3’,4’,5’-derivatives, there is a single peak in the methanol 
spectrum at 278 nm; for 3’,4’-derivatives, there are two 
bands, 257-262 and 277-278 nm. The former compounds 
are also distinguished by the presence of a band at 
314320 nm in the presence of aluminium chloride 
+ hydrochloric acid. 

If the spectral shift of band I in the presence of 
aluminium chloride is above 449 nm (part B), the com- 
pounds possess both 8-O-substitution and a 3’,4’-o- 
dihydroxy system. 7,8-o-Dihydroxyflavones (group 17a) 
have a shoulder in band Ia when hydrochloric acid is 
added (Fig. 50), whereas 8-hydroxy-3-methoxyfvones 
(group 20a) show a peak (Fig. 52). Moreover, there is a 
single band I peak in aluminium chloride for 5,7,3’,4’- 
tetrahydroxy-3,8dimethoxytIavone (Fig. 48) and two 
peaks, Ia and Ib, for 8-hydroxyderivatives, Ia being a 
peak if there is a 3-methoxy group (Fig. 52) and a shoulder 
if not (Fig. 50). Finally, the 3’,4’derivatives of groups 20 
and 20a have four bands in methanol as related homo- 
logues of groups 16 and 16a, the band of longest 
wavelength appearing as a shoulder in the former (Fig. 52) 
and as a peak in the latter (Figs. 46 and 48). 
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DISCUSSION 

Comparisons between the spectrum in methanol of S- 
hydroxy-7-O-substituted &ones and related 3-methoxy- 
flavones which possess a phloroglucinol-type A-ring, the 
same degree of substitution on the B-ring and the same 
substituent at the C4’ (hydroxyl or methoxyl) show that 
the position of the band I maximum of S-hydroxy-7-0- 
substituted tIavones is always lower than that of homolo- 
gous Shydroxy-3-methoxytlavones (Table 4). A similar 
conclusion may be drawn from comparisons of the 
spectra of 5-hydroxyflavones and S-hydroxy-3-methoxy- 
8avones which present the same substitution on the A- 
and B-rings (Figs. 53 and 54). 
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Fig. 52. 

The exchange of hydroxyl for methoxyl at C-4 always 
produces a hypsochromic shift in band I, the shift being as 
much as 7-23 nm for 3’,4’,5’-substituted derivatives (Table 
4). 

6-Substitution and 6,8disubstitution produce an im- 
portant hypsochromic effect, except for 6-hydroxy-4’- 
methoxytkones. 8-O-Substitution produces a split in 
band I, the supplementary band appearing at longer 
wavelengths for 4’-monosubstituted Ravonoids. More- 
over, such a substitution induces either a bathochromic 
shift (S-hydroxy-3-methoxyflavones, Fig. 53) or a hyp- 
sochromic shift (3’,4’- or 3’,4’,5’-substituted flavones, Fig. 
54). The position of the band II maximum is also affected 
by the introduction of substituent(s) at position(s) 6 
and/or 8. Hydroxylation at C-6 produces the most 
important bathochromic shift. Finally, the ratio of A band 
I-band II constitutes a criterion for distinguishing the 

Table 4. Spectral properties of band I in methanol (nm) of 3-methoxy%vones and 
flavones with a phloroglucinol-type A-ring and the same substituents at C-4 

Substitution of B-ring 

4 3’,4 3’,4’,5 

Type of compound OH OMe OH-4 OMe-4’ 0H-4’ 0Me-4 

3-Methoxytlavones 350 341-348 354-359 351-353 361 3W350 
Flavones 336 327-329 347-348 340-344 35G354 331 
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Fig. 53. Diagram illustrating the influence of A-ring substitutions on the position of band I in the methanol 
spectrum of 5-hydroxy-7-oxygenated-3-methoxyflavones. 

6 r,ng subst,tut,on 

4’ 
3’, 4’ 

v 
3: 4: 5’ 

T 

4’- OH 4’- OMe 4’- OH A ring 

substitution 

6.6 -d,mc :. 

6,8 -diOme 

6-me 

6-Omc 

6-OH 

PhlorwJluCinol type 

a-me 

8-omc 

8-OH-7-ome.. 

S-OH-?-OH 

4’- OMe 4’- OH 

I . 

I 

I 

i 

Fig. 54. Diagram illustraing the influence of A-ring substitutions on the position of band I in the methanol 
spectrum of 5-hydroxy-7-oxygenated flavones. 

substituted position on the A-ring. So, &substitution substituent(s) on the A-ring. When there is a band Ia, the 
particularly decreases this value, whereas 6-substitution presence (or absence) of a methoxyl at C-3 influences only 
increases it. its position. Moreover, as indicated by the spectra of Fig. 

As shown from the results summarized in Fig. 55, the 56, the shape and the position of band II in presence of 
presence of a single band I or a double band Ib and Ia after acidic aluminium chloride is determined by the combined 
addition of aluminium chloride + hydrochloric acid is effects of three parameters: the number of substituent(s) 
primarily associated with the nature and the position of on the B-ring, the number, nature and position of 
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Fig. 55. Shapes and positions of band I of 5-hydroxy-7-oxygenated flavones and related 3-methoxyllavones with a 
4’-, 3’,4’- or 3’,4’,5’-substituted B-ring in the presence of methanol + aluminium chloride + hydrochloric acid. 

substituent(s) on the A-ring and the presence or absence of Mabry (Austin), Professor T. Swain (Boston) and Dr. R. Ibrahim 
a 3-methoxy substitution. (Montreal) for their interest in this study. 

EXPERIMENTAL 

The spectra have been recorded on a Jobin-Yvon Duospac 203 
spectrophotometer. AlCl, soln used in all cases was freshly 
prepared (6 % AlCl, in MeOH, addition of three drops to the soln 
of flavonoid). Two drops of cont. HCI were added to the neutral 
soln. The spectra were immediately measured after addition of 
reagents. In the majority of cases, the flavonoid samples were 
purified on an LH-20 Sephadex column. 

REFERENCES 

Acknowledgements-I wish to thank the numerous scientists who 
have kindly sent samples of reference. I am grateful to Dr. T. J. 

Mabry, T. J., Markham, K. R. and Thomas, M. B. (eds.) 
(1970) The Systematic Identification of Flaoonoids. Springer, 
Berlin. 
Markham, K. R. and Mabry, T. J. (1975) in The Flauonoids 
(Harborne, J. B., Mabry, T. J. and Mabry, H., eds.) p. 45. 
Chapman & Hall, London. 
Gottlieb, 0. R. (1975) in The Flaoonoids (Harborne, J. B., 
Mabry, T. J. and Mabry, H., eds.) p. 296. Chapman & Hall, 
London. 



2144 B. VOIRIN 

A r,ng 
substitution 

6-OH..... 

6 -0Me. 

6-Me 

Phloroglucmol type 

8- OMe 

6,8-dlOMe 

6,8-diMe.. 

8-OH-7-OH 

8-OH-7-OMe.. 

A 

4. 

5. 

6. 

7. 

8. 

4'- Substituted 

0 ring 

3: 4’- Disubstituted 3’, 4: 5’- Trisubstituted 

F\avones 3-OMeflovones Flavones 3-OMefLavones Flavones a-OMefbnmes 

I 

ii 
?” : 

.: : _.*‘1 
j :.* . .*- . . . . : : : 

. . . : . 
..i :z’ & :‘. ii. 

:’ . : 

; :j: 
: : 

. ,.; 
: : 

i : 
; : 

; *;’ . . . . : 

. ..‘.\ :: :. : : :: . :: :: . : ; : : : :. -IL :: : : 
; :,i !.; 

.: 
. - . % 

; if ,* 

. . . . . 
. ..j . ._.. :: 

j i 
f.5. 

? 

..: : ; i 
i : 

;’ : 
: i 
; : 

i...’ :.. 1: . . ..i . +I-+ :*: 

.!‘\ 
: :.., i : 

f_’ : : 
.I 

\ . . . . .I : 

./ :/ 

270 300 270 300 

nm 

Fig. 56. Shapes and positions of band II of S-hydroxy-7-oxygenated Bavones and related 3-methoxyflavones in the 
presence of methanol +aluminium chloride + hydrochloric acid in function of substituents of the A- and B-rings. 

Rodriguez, E., Carman, N. J. and Mabry, T. J. (1972) 9. Sakakibara, M. and Mabry, T. J. (1977) Reo. Lutinoam. Quim. 

Phytochemistry 11, 409. & 99. 

Jurd, L. (1962) in The Chemistry of Flavonoid Compounds 10. 
(Geissman, T. A., ed.) p. 108. Pergamon Press, Oxford. 
Markham, K. R. and Mabry, T. J. (1968) Phytochemistry 7, 11. 
1197. 

Sakakibara, M. and Mabry, T. J. (1978) Reo. Lutinoam. Quim. 
9, 92. 
Ulubelen, A., Kerr, K. M. and Mabry, T. J. (1980) 
Phytochemistry 19, 1761. 

Harborne, J. B. (1954) Chem. Ind. 1142. 12. Shen, M. C., Rodriguez, E., Kerr, K. and Mabry, T. J. (1976) 
Mears, J. A. and Mabry, T. J. (1972) Phytochemistry 11,411. Phytochemistry 15, 1045. 



UV spectral differentiation 2145 

13. Shen, M. C. (1974) M. S. Thesis. University of Texas, Austin. 
14. Rodriguez, E., Carman, N. J., Chavez, P. and Mabry, T. J. 

(1972) Phytochemistry 11, 1507. 
15. Rodriguez, E. (1977) Biochem. Syst. Ecol. 5,207. 
16. Van den Broucke, C. O., Dommisse, R. A., Esmans, L. E. and 

Lemli, J. A. (1982) Phytochemistry 21, 2585. 
17. Wu, T. S., Tien, H. J., Arisawa, M., Shimizu, M. and Morita, 

N. (1980) Phytochemistry 19, 2227. 
18. Rodriguez, E., Vander Velde, G., Mabry, T. J., Subramanian, 

S. S. and Nair, G. R. (1972) Phylcchemistry 11, 2311. 
19. Bohlmann, F., Grenz, M., Dahr, A. K. and Goodman, M. 

(1981) Phytachemistry 20, 105. 
20. Liu, Y. L. and Mabry, T. J. (1982) Phytochemistry 21, 209. 
21. Gupta, S. R., Seshadri, T. R., Sharma, C. S. and Sharma, N. D. 

(1975) Indian .I. Chem. 13, 785. 
22. Krishnamurti, M., Seshadri, T. R. and Sharma, N. D. (1972) 

Indian J. Chem. 10,23. 
23. Chhabra, S. C., Gupta, S. R., Seshadri, T. R. and Sharma, N. 

D. (1977) Phytochemistry 16, 1109. 
24. Chhabra, S. C., Gupta, S. R., Seshadri, T. R. and Sharma, N. 

D. (1976) Indian J. Chem. 14,651. 
25. Goudard, M. (1976) These de Yme Cycle, University of Lyon. 
26. Lin, C. N., Arisawa, M., Shimizu, M. and Morita, N. (1978) 

Chem. Pharm. Bull. I, 2036. 
27. Markham, K. R. (1983) Phytochemistry 22, 316. 
28. Le. Quesne, P. W., Pastore, M. P. and Raffauf, R. F. (1976) 

Lloydiu 39, 391. 
29. Goudard, M., Favre-Bonvin, J., Streliski, J., Nogradi, M. and 

Chopin, J. (1979) Phytochemistry 18, 186. 
30. Tandon, S. and Rastogi, R. P. (1977)Phytochemistry 16,1455. 
31. Laracine, C., Favre-Bonvin, J. and Lebreton, P. (1982) Z. 

Naturforsch. Ted. C. 37, 335. 
32. Wagner, H., Flores, G. and Geissman, T. A. (1972) 

Phytochemistry 11, 451. 
33. Liu, Y. L. and Mabry, T. J. (1981) Phytochemistry 20, 1395. 
34. Ulubelen, A., Kerr, K. M. and Mabry, T. J. (1980) 

Phytochemistry 19, 1761. 
35. Southwick, L., Mabry, T. J., Averett, J. and Powell, A. M. 

(1972) Phytochemistry 11, 2351. 
36. Scott-Lewis, D. and Mabry, T. J. (1977) Phytochemistry 16, 

1114. 
37. Gupta, S. R., Seshadri, T. R. and Sood, G. R. (1973) 

Phytochemistry 12, 2539. 
38. Urbatsch, L. E., Bacon, J. D. and Mabry, T. J. (1975) 

Phytochemistry 14,2279. 
39. Chhabra, S. C., Gupta, S. R. and Sharma, N. D. (1977) 

Phytochemistry 16, 399. 
40. Valesi, A. G., Rodriguez, E., Vander Velde, G. and Mabry, T. 

J. (1972) Phytochemistry 11, 2821. 
41. Ayanoglu, E., Ulubelen, A., Clark, W. D., Brown, G. K., Kerr, 

R. R. and Mabry, T. J. (1981) Phytochemistry 20, 1715. 
42. Tatum, J. H. and Berry, R. E. (1972) Phytochemistry 11, 

2283. 
43. Whalen, M. D. and Mabry, T. J. (1979) Phytochemistry 18, 

263. 


