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ABSORPTION SPECTRA OF PHYTOXANTHONES 
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Abstract - The Ultraviolet Absorption Spectra of Phytoxanthones are reviewed. 

In recent years a large number of xanthones have been isolated from plant as well as microbial 

sources. Among other plants Guttiferae and Gentianaceae represent the principal sources of xan- 

4 thone derivatives1-". Reviews by bbberts2, Cottlieb , ~cheinmann~, and ~ostettmanl~, concern- 

ing chemotoxonomic importance and chemistry of natural xanrhanee have appeared. Ultraviolet 

absorption spectroscopy has played an important role in determining the oxygenation pattern on 

xanthone skeleton. In this article the importance of this technique is reviewed and absorption 

maxima for over one hundred natural xanthones in the presence of different additives, are 

tabulated. 

The ultraviolet absorption spectra of most xanthones consist of three intense bands in the 

region 230-340 nm, and a fourth, less intense, band at higher wavelengths which account for their 

yellow colour. The utility of ultraviolet spectral studies in assigning the oxygenation pattern 

of a xanthone is of grear value. This is because the ulfraviolet spectra of polyoxygenared xan- 

thones vary significantly with change in the oxygenation pattern 
2,16,22 

The approach is largely emperical which provides information on the general oxygenarion 

20 
pattern of the carbon skeleton of xanthone . This permits location of free hydroxyl groups in 
the presence of certain additives such as sodium hydroxide, sodium acetate, aluminium chloride or 

2,6-dichlorobenzoquinone chlorimide. 

Addition of sodium hydroxide ionises hydroxyl groups at all positions of xanthone skeleton 

resulting in significant alterations in the absorption spectrum. 1-hydroxyxanthones show a re- 

duction of the intensity of second principal maximum along with red shifts of this and other 

maxima at higher wavelengths. 3-hydroxyxanthones in alkaline media give bands at 345-365 nm, 

where other xanthones, including relatively acidic 4-hydraxy derivatives absorb feebly. 

A hydroxyl group in the 3-(or 6 - )  position of xanthone nucleus has enhanced acidity due to 

the presence of the 1-ring carbonyl group and can be readily detected by it's solubility in 



2.10 
sodium hydrogen carbonate . Sodium acetate being a weaker base ionises only the hydroxyl 

group at 3- (3- or 6-) position. However, 1,3-dihydroxy system has been shown2' to be less 

acidic, since the curves in the presence of sodium hydroxide and sodium acetate are not super- 

imposable. This has been attributed to the mesomeric withdrawal of electrons by the C-1 (OH) 

group, since 3-hydrony-1-methoxyxanthone. have been shown to display the usual high acidity of 

3-hydroxy derivatives. The mesomeric effect of hydroxy group at different positions in xanthones 

has been outlined as in.structures (1-6). 

The UV spectra of 4-hydroxyxanthones in the presence of sodium hydroxide or sodium poetate 

are very similar, thus suggesting partial ionisation of the C-4(OH) group. This makes it possi- 

ble to differenciate between 3-and 4-hydroxyxanthonee for the former shows a hyperchromic shift 

wheras in the latter case an alteration of band intensity in the 345-365 nm region is observed, 

after addition of sodium acetate. The presence of a second hydroxyl group at C-1 or C-8 in 

4-hydroxyxanthones produce significant alterations than in the 3-hydroxyxanthon (2) series. 

Thus 4,8-dihydronyxanthones (5) in the presence of sodium acetate show red shift as compared to 

the spectra in neutral solution. Whereas l,4-hydroxyxanthones (6) spectra in neutral solution 

and in the presence os sodium acetate have been show to be superimposableZ1. This reflects the 

acidity of two types of xanthones. 

56-dihydroxy (2) give identical changes in the ultraviolet spectrum in methanol by addi- 

tion of either sodium hydroxide or sodiumacetate, whereas 1,5-dihydroxyxanthones ( 5 )  in sodium 

hydroxide and sodium acetate are different, indicating partial ionisation of the C-5(OH) group in 

sodium acetate 16 

2-hydroxyxanthones are insoluble in sodium carbonate and their spectra in neutral and sodium , 
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acetate media are superimposable. Whereas 1-hydroxyxanthones are insoluble even in sodium hydro- 

xide and their UV spectra and those of 1,8-dihydroxyxanthones are unaffected in sodium acetate. 

However, the presence of C-1(OH) group in xanthones has been shorn to undergo a strong reducfion 

of intensity and a red shift of about 20 nm of the second principal maximum, in the presence of 

aluminium chloxide. It should be borne in mind that orLho dihydronyxanthones show the same 

spectral modifications. However, the presence of o-dihydroxy group in xanthones, is confirmed by 

observing spectral shifts after addition of boric acid and sodium acetate. 

Xanthones with unsubstituted E-position to hydroxyl group give characteristic absorptions 

between 660 and 700 nm and 710 and 750 nm by Gibbs test. 1-Hydroxy and l,7-hydroxyxanthones are 

reportedZ8 to show the high wavelength maximum. However, xanthones with &hydronyl or a 3- 

alkayl group, a second maximum of relatively low intensity appears between 430 and 460 nm. 

l-methaxyxanthones are shown to be more acidic than their 1-hydroxy  counterpart^^^'^^. In 

acidic medium, they are reported to be protonated to give ion (7). 

S01"ellt~: 

a = Methanol 

b = Ethanol 
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Mono. - 
Xantl - 

2-Hyl 

2-Me: 

4-Hyl 

Diow 

Xantl - 
1,2-1 

2-Hyt 

3-Hy 

3-Hy 

Compound 

-oxygenated 

'D"es 

iroxy 

thoxy 

irony 

- 
ddit ive  

- 

aOH 

aOH 

aOAc 

aOH 

aOAc 

eon 

aOAc 

Absorption maxima 
A max. nm 1 E l og  

Ref.  



Absorption maxima 
A max. nm I E l o g  

: 4 . 4 8 , 3 . 9 8 , 4 . 1 9 , 3 . 7 1 )  

152,318,378 

: 4 . 6 2 , 3 . 9 2 , 3 . 7 3 )  

152,318,358,416 

: 4 . 6 2 , 3 . 8 2 , 3 . 9 3 , 3 . 8 6 )  

!36 .245 ,304 ,351  

: 4 . 3 7 , 4 . 6 3 , 4 . 4 8 , 3 . 8 1 )  

'51 ,311 ,375  

( 4 1 . 4 , 7 . 7 8 , 4 . 9 7 )  x 

!52 .2 .317 .5 ,367 .5  

( 4 . 6 2 , 4 . 0 4 , 3 . 5 7 )  

160 ,315 ,366 ,  

( 2 2 . 7 0 0 ; 4 , 2 0 0 ; 6 , 5 0 0 )  

152 ,275 ,320 ,365  

(26,400;7,200,7,300;2,800) 

257.5.340.365 

( 4 . 4 5 , 3 . 6 8 , 3 . 2 8 )  

235,265,305 sh ,345  

(23.500;22,300;4,800;15,300) 

238 ,250 ,290 ,300  sh,346 

(23,200;22,100;10,600;9.400;10,600) 

235 ,275 ,330 ,378  

(22,000;19,700;4,000;10,900) 

234 ,245 ,297 ,365  

( 2 9 . 4 , 3 1 . 5  . lo .  1 . 5 . 3 4 )  x 

Ref 
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I Compound 

IaOAc 

ilCl 
3 

1C13 

1C13 

POH 

~ O A C  

LC13 

P O 3  I 
~ O A C  

!OH 

L O ~ C  

A b s o r p t i o n  maxima 
A mar. m I E lop. Ref.  



Compound 

4-Hydroxy-2.3- 

methylenedioxy 

4-Methoxy-2,3- 

methylenedioxy 

Globuxanthone 

Absorption maxima 
A man. nm / E  loge 

Ref. 

- 

'5 

'0,35 

),20,26 

!9,35,39 

,7,68 

5,26.29, 

55,69,70 

20,26,29 

35,39 

20,35,58 

67,69.70 

71,72 

28,49,55 

73-75 
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Compound dditive 

1C1 
3 

aOH 

1C13 

aOH 

aOAc 

1C13 

aOH 

aOAc 

~ - p ~  

Absorption maxime 
A max. nm /E loge 

243,267,313,357 

(39.0,lO .5,13.3,8.9) x loT3 

251,268 sh,296,313 sh,360 

(22.1,9.1,e.6,6.9,10.1) x 

242,265,319 

(45,500;36,750;28,500) 

248,330 inf. 

(45,25O;i7,050) 

254,327 in£. 

(46,500;14,250) 

243,267,334 

(46,500;31,300;27,150) 

220 sh,247,313,360 sh 

(4.20,4,53,4.21,3,62) 

257,291,348 

(21,800;13,400;18,500) 

244,265 sh,341 

(25,800;13,800;l2,400) 

Ref.  

- 

3,74 

Y 

8,25,34, 

8,4345, 

9,50,55, 

$62.63,71 

,,45,49 

5,56 

4,57,58 



Compound 

-Hydraxy-1,3-di- 

ethoxy 

Additive 

- 

ilC13 

laOH 

laOAc 

.1C1 
3 

laOH 

IaOAc 

JC13 

laOH 

laOAc 

Absorption maxima 
h max. nm l e  log 

246,267,335 

(13,900;22,000;14,700) 

235 sh,248,301,358 

(4.42,4.40,4.26,3.50) 

240,255, 286,309,369 

(19,000;18,900;42,000,19,6000,4,000) 

221,297,344 

(19,700;37,400;14,900) 

286,296,320 sh,385 

(35,900;35,400;12,900;3,400) 

240,251,290,305 911,348 

(18,900;19,700;37,900;28,200;10,000) 

240,312,350 

(35,000;15,200;6,800) 

250,274 sh,310,355 

(4.43,3.80,4.09,3.4) 

240 sh,263.278 sh,344 

(23,100;34,400;12,000;13,900) 

253,287,314 

(26,400;14,200;12.000) 

240,267,335 

(16,900;29,100;15,700) 

248,304,344 

(41,800;18,200;4.600) 

241,265,283,308 

(36,900;26,600;26,400;19,800) 

247,285,303 

(36,200;14,500;16,700) 

239,244,256,310,318,368 

(4 .48,4:48,4.45,4.11,4.15,3.62)  

Ref. 

40,47, 

57.76 

29,37,41, 

49,513, 

55.56,68, 

76,79-82 

6.20.53, 

68.81 

6,8,20.31 

67,69 

83 

20,29,35, 

39,43,60, 

67,68,70 

47 
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Compound 

Trapezifolixanthone 

(37nethylbut-2-enyl) 

pyrano(3,2-b)-xan- 

thene-6(2H)-one 

Morellin 

Gambogic acid 

1,7-Dihydroxy-3- 

methony (Gentisin) 

1-Hydroxy-3,7-dimeth- 

o x y  (Methylgentiain) 

2-(3,3-dimethylallyl) 

1,3,7-trihydroxy 

Osajaxanthone 

Mbarraxanthone 

(Dimethyl ether) 

Calabaxanthone 

- 
Additive Absorption maxima 

A max. m I E  log, 
-. 

Ref. 

- 

34 

54 

3O,85 

36,87 

38 

L,6,7,371 

i2,58,89- 

33 

!4 

L9,76,94 

35,52,68! 

76,95-98 

71,72 

i0,49,80 



Compound 

3-O-Rutinosyl-l- 

Methoxy-5-Hydrony 

1-Methony-3.5-di- 

hydroxy 

L,3,7-Trihydroxy 

L,3-Dihydroxy-7- 

nethoxy (isogentisin) 

1,3,7-Trimethoxy 

Ietraoxygenated 

nanthones 

1,3,6,7-Tetrahydrony 

(Norathyriol) 

1,7-Dihydroxy-3.6- 

dimrthoxy 

Absorption maxima 
A max. nm / 6 log" 

207,239 sh, 255,303,356 

(3.20,3.47,3.60,3.12,2.82) 

Ref.  

40 

99,100 

24 

101 

101 

2.83.102 

2,89,102, 

103 

24,8Y ,lo: 

19,25,44 

46.62 

104-110 

51 
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Compound 

-(l,l-dimethylallyl). 

.3.6,7-tecrahydroxy 

as cyclic derivative 

,7-Dihydroxy-1- 

ethoxypyrsno 

2',3':3,4) xanthone 

Lorostemin) 

ormangostin 

"-Mangostin) 

angostin 

- -- 

Absorption maxima 
h m a .  nm I E log Ref. 

- 

9 

11 

12,113 

2,46,112 

14.115 

12,115, 

16 

17 

17.119 



Compound 

entadesmananthone 

udraniaxanthone 

Source Absorption maxima 
A max. nm I E log 

~40,200;43,100;24,000) 

!50 sh,292,392 sh,335 

~11,900;27,000;24.600;12,800) 

!35,262 sh,315 

:23,700;21,800;24,700) 

149,261,279 sh,323,340 sh,370 

: 4 .42 ,4 .51 ,4 .25 ,4 .23 ,3 .89 )  

!49,261,279 sh,324,340 sh,370 

:4.45,4.51,4.25,4.18,4.10,4.06) 

139,272,289 sh.349.370.420 

(4 .45,4 .51,4 .25,4 .35.4 .11,3 .92)  

!54,283,327 

:4.53,4.89,4.23) 

156,287,345 

242,257,343 

251,283,324 

(4.42,3.81,4.21) 

240,283,332 

(4.26,4.62,4.28) 

Ref. 
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Compound 

1,5-Dihydroxy-2,3-di- 

me thoxy 

Kayeaxanthone 

A1C13 

NaOAc 

A1C13 

NaOH 

NaOAc 

A1C13 

A1C13 

NaOAc 

A1C13 

Absorption maxima 
A max. nm I E  log Ref. 

- 

7 

04 

12 

27 

10 

2 6  

11 



Compound 

1,4,7-Trihydroxy-3- 

oe thoxy 

L,5-Dihydroxy-6,7- 

limethoxy 

Additive 

iaOH 

L1C13 

UaOH 

VaOAc 

UC13 

VaOH 

VaOAc 

41C13 

NaOH 

NaOAe 

Absorption maxima 
A max. nm 1 E lop 

(4.51.4.23,4.34,4.25,3.9) 

224,252,296,315,371 

(13.100;16,100;5,600;5,700;6,500) 

225,260 sh,283,345,390 

(20,400;8,400;5,300;6,200;11,100 

223,252,280.321 

(15,100;12,100;9,150;88350) 

237,262,336 

(28,100;32,300;17,200) 

244,265 sh.279.355 

(30,600;19,900;15,000;18,100) 

236,260 sh,269,360 

(36,200;23,100;24,900;27,500) 

225,241,277,328,362 

(20,700;23,100;28,400;11,900;16,400) 

247 inf.,257,322,272 

(20,200;23,000;18,100;9,200) 

350 

(9,500) 

260,286,323 

(21,000;11,800;14,100) 

250 inf.,273,330 

(15,000;19,600;15,800) 

263,314.380 

(27.4,10.1,5.1) x 

236,260,315,379 

(19,600;32,600;11,000;6.400) 

264,285 sh.351 

(30,500;11,800;9,200) 

249,265 sh.351 

(26,400;22.200;10.700) 

Ref. 
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Compound 

Celebixanthone 

Symphoxanthone 

I-Hydroxy-2,3,5-tri- 

nethoxy 

1-Hydroxy-2.3,7-tri- 

nethoxy 

Swerchirin 

(methylbellidifolin) 

1,3-Dihydroxy-4.5- 

3imethoxy 

1.3-Dihydroxy-4,7- 

dimethoxy 

1-Hydroxy-2,3,7-tri- 

nethoxy 

(methoxy derivative) 

I-Hydroxy-3,4,5-tri- 

nethoxy 

1-Hydroxy-3.4.7- 

trimethoxy 

(methoxy derivative) 

2-Hydroxy-1.3.7-tri- 

methoxy 

Absorption maxima 
A man. nm I E log 

e 

235,267,286,324 

(23,500;27,200;18,600;11,100) 

240 sh,252,330,370 sh. 

(27,000;30,160;14.000,5.400) 

238,260,323 sh,389 

(43,390;43,870;7,800;5,363) 

243,253,263,272 sh,304,370 

(1.007,0.95,0.62,0.50,0.50,0.11) 

238,262,300,320 sh,363 

(27,600;28,600;11,700;10,600;5.100) 

237,254,278,336 

(19,900;26,900;16,900;11,300) 

243,260,290,319,360 

(31,000;23.000;18.400;13,800;4,100) 

234,266,316,376 

(25,600;26,600;9.200;6.140) 

243,258,280,312,355 

(32,100;32,700;11.150;11,600;6.600) 

- 
Ref.  

- 

129,130 

71,72 

24,131. 

132 

132 

132,8-10 

15,24 

132.133 

24 

24 

24 

24 

24 

24 

134-139, 



Compound 

(Swertianin) 

1.7-Oihydroxy-3,8-Di- 

oethoxy 

(Gentianacaulin) 

3,s-Dihydroxy-1,7- 

iimethoxy 

(Isogentiacaulin) 

1,s-Dihydroxy-3.7- 

iimethoxy (Swertia- 

,eramine,rnethylswer- 

:ianin) 

L,3,7,8-tetrahydroxy 

(Norswertianin) 

Ldditiv, 

- 
NaOAc 

A1C13 

A1C13/ 

HC1 

NaOH 

NaOAc 

A1C13 

A1C13/ 

HC1 

NaOH 

NaOAc 

A1C13 

A1C13/ 

HC1 

NaOH 

NaOAc 

A1C13 

A1C13/ 

HC 1 

Absorption maxima 
A man. nm / e log, Ref. 
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Compound 

1,3,7,8-tetrahydroxy 

(Desmethylbellidifol 

in) 

1,5,8-Trihydroxy-3- 

methoxy (Bellidifolir 

1,3,8-Trihydrony-5- 

methoxy (Isobellidi- 

folin) 

1,s-Dihydroxy-3,5- 

dimethoxy (Methylbe- 

llidifolin,Swerchirir 

1-Hydroxy-3,5,8-tri- 

methoxy 

1,3,5-trihydroxy- 

6-methoxy 

1.5.6-Trihydroxy- 

3-methoxy 

1.3,5,6-tetrahydroxy- 

C -glucoside 2 

3,7,8-Trimethoxy-1-0- 

prime-veroside (Decur 

satin-0-primeverosidr 

7-Hydroxy-3,8-dimeth- 

oxy-1-0-prime-verosid 

- 
Source 

NaOAc 

A1C13 

NaOMe 

NaOAc 

A1C13 

NaOMe 

A1C13 

NaOMe 

Absorption maxima 
h max. nm 1 r lage 

Ref. 



Compound Source 

- 

2 

2,68 

2 

2,84,8 

8 

,dditive 

- 
NaOAC 

A1C13 

NaOMe 

NaOAc 

A1C13 

A1C13/ 

HC1 

NaOMe 

NaOAc 

A1C13 

A1C13/ 

HC1 

NaOMe 

A1C13 

A1C13/ 

HC1 

NaOMe 

NaOAc 

A1C13 

A1C13/ 

HC1 

NaOMe 

NaOAc 

A1C13 

A1C13/ 

HC1 

Absorption maxima 
A mar. nm IE loge Ref. 

- 

37,153 

37,138, 

53 

r37 

L37,153 

3 8  
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Compound 

1,5-Dihydroxy-3-meth- 

3xy-8-0- 8-D-glucopy- 

raneside (Bellidifo- 

lin-8-0-glucoside) 

NaOMe 

NaOAc 

A1C13 

NaOMe 

NaOAc 

A1C13 

NBOAC 

NaOAc 

NaOH 

NaOAc 

or 

H3B03/ 

NaOAc 

A1C13 

Absorption maxima 
A max. nm IE log 

lo alteration 



Compound 

.3,8-Trihydroxy-1.7- 

imethoxy 

L-Hydroxy-2,3,4,7- 

:etramethoxy 

L,2,3,5,8-pentameth- 

=Y 

1-Hydroxy-2,3,4,5- 

tetramethoxy 

2-Hydroxy-1,3,4.7- 

tetramethoxy 

7-Hydroxy-1,2,3,4- 

tetramethoxy 

U C 1 3  

P1C13/ 

HC 1 

WOAcl 

H BO 
3 3 

NaOAc 

A1C13 

NaOH 

Absorption maxima 
h max. nm / E log 
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Compound 

1-Methoxy-2,3.6.7-di- 

oethylenedioxy 

L,2,3-trimethoxy-6,7- 

nethylenediony 

1.4-Dihydroxy-2,3,7- 

trimethoxy 

L,2,4-trimethoxy-6,7- 

nethylenedioxy 

(Polygalaxanthone - A) 

1,2,3.4.7-pentamethony 

(Polygalaxanthone - 8 )  

L,3-Dihydrpxy-4,5,8- 

trimethoxy, 

1,3.8-trihydroxy-4,5- 

dimethoxy (4.5-Di-0- 

nethylcorymbin) 

1.3.8-trihydroxy-4.7- 

dimethoxy (4,7-Di- 

methoxy bellidifolin) 

1-Hydroxy-3,5,6,7- 

tetramethoxy 

1,7-Dihydroxy-3,5,6- 

trimethoxy 

1,3.6,7,8-pentahydrox) 

ndditive 

- 

NaOH 

NaOAc 

NaOAcl 

H BO 
3 3 

NaOAc 

Absorption maxima 
A max. nm I E log 

Ref. 



Compound 

limethoxy 

3,7-trihydroxy-5.6- 

limethoxy 

- 
Additive Absorption maxima 

A ma,. nm 1 E log 

- 
Ref. 
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