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Abrtnd-Mangifcrin. C,,H,,O,,, has been isolated from the leaves, heartwood and stem-bark of 
MUJ@+I I’&CU. Its properties indicate that it is a stable C-glycoside of t&c xanthone group. Re- 
ductive hydrolysis with hydriodic acid and oxidation with ferric chloride yield 1,3,6.7-tetrahydroxy- 
xanthone and glucose respectively indicating that it is a glucosidc of the former and oxidation with 
periodic acid reveals that the sugar is in the pyranosc form. The position of linkage has tucn shown 
lo bc 2 by oxidizing mangiferin tri and tctra methyl ethers with periodate lo the corresponding a- 
hydroxyacetaldehydcs of trimcthoxy and tetramethoxyxanthon and comparing them with syn- 
thetic samples obtained from the appropriate 2-allylxanthoncs. This has hem further supported by 
oxidation of mangifcrin telra methyl ether and 2-allyI-l,3,6.7-terramtthoxyxantbooe with pcrmangan- 
ate yielding 1,3.6,7-tcuamerhoxyxanthone-2~~xylic acid. 

IN an earlier note,’ it was concluded that mangifefin is 1,3,6,7-tetrahydroxyxanthone- 
2-glucopyranoside (I) and more details were given in later notes.H Meanwhile, 
similar results in support of this structure have been mentioned.5*6 In this paper a 
detailed statement of our results and the conclusions are presented. 

Mangiferin has been isolated in crystalline form from the leaves, heartwood and 
stem-bark of the plant, the latter being the most convenient and the richest source. 
The method of isolation involved removal of fatty matter and tannins using light 
petroleum and acetone respectively and finally extracting the glycoside with 70% 
aqueous ethanol. Its composition is represented by the formula CloHI,,O,,. It forms 
an octaacetate which is convenient for purification and analysis. Two methyl ethers, 
tri (II) and tctra (III), can be obtained and they form penta and tetra acetates 
respectively. 

Mangiferin is highly resistant to acidic and enzymatic hydrolysis. It undergoes 
reductive hydrolysis with hydriodic acid to give 1,3,6.7-tetrahydroxyxanthone (IV), 
whose structure was established by comparison with a synthetic sample.’ The nature 
of the sugar moiety was determincd by oxidiziog the glycoside with ferric chloride 
when glucose was obtained. The trimethyl ether consumed 2.2 moles of periodic 
acid with the liberation of formic acid. The periodate-oxidized trimethyl ether on 
reduction with sodium borohydride followed by acid hydrolysis gave glycerol. This 
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reaction is given also by C-glycosides. s These observations not only support the above 
conclusion with regard to the presence of glucose as the sugar moiety but also show 
that the sugar has the pyranose form. 

H-C-OH 
I 0 

I, R, = R, = H HO-C-H 

II, R, = CH,; R, = H I 

III, R, -= R, - CH, 
H-C-oH 

b 6H 

IV 

H-k - 
I 

CH,OH 

In order to establish the location of the sugar, two paraIle1 series of experiments 
have been conducted using mangiferin trimethyl and tetramethyl ethers. Treatment 
of each of these with 2 moles of periodate yielded, as the major fission product, the 
a-hydroxyacetaldehyde of xanthone methyl ether. Using I-hydroxy-3,6,74rimethoxy- 
xanthone (V), its ally1 ether and from it I-hydroxy3,6,7-trimethoxy-2aIIylxanthone 
(VI) were prepared. Osmium tetraoxide oxidation of this compound yielded a diol 
(VII). This underwent periodate fission to yield a xanthone acetaldehyde (VIII) which 
was further oxidized with one mole of periodate to the hydroxyacetaldehyde (IX), 

V,R-H VI,R-H 

X, R = MC 

VII. R - 14 VIII. R “1 H 

Xl. R - MC XII. R - Me 

0 OR 0 OMe 

IX. R - H XN 

XIII, R - Me 
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identical with the degradation product of mangiferin trimethyl ether. Parallel results 
have been obtained using mangiferin tetramethyl ether. For the purpose of com- 
parison the synthetic compound XIII was prepared from 1,3,6,7-tetramethoxy-2- 
allylxanthone (X). These results definitely established the location of the glucose 
moiety at the 2position. 

The acetaldehyde and hydroxyacetaldehyde derivatives gave 2,44nitrophenyl- 
hydrazones and osazones respectively. These could be distinguished by their difference 
in absorption spectra.@ 

In order to obtain further support for the linkage of the glucose unit at the 2- 
position, mangiferin tetramethylcther and 1,3,6,7-tetramethoxy-2-allylxanthone were 
oxidized using neutral potassium permanganate. Both yield the same 1,3,6,7- 
tetramethoxyxanthone-2carboxylic acid (XIV). 

About the same time as our work, Haynes carried out similar permanganate 
oxidations and obtained I ,3,6,7-tetramethoxyxanthone-2carboxylic acidiO*ll though 
details have not been reported. 

EXPERIMENTAL 

Isolorion of m@+rin. The fresh air-dried bark (1.2 kg) of Mat@fero i&co obtained from 
Delhi garden was sucassivcly extracted with boiling light pctrokum (2 x 21; 6hr each time) to 
remove fatty matter, with cold acetone (6 x 2 I.; 24 hr each time) to remove tannins and finally 
with 70% EtOH (3 x 1 I.; 6 hr each time). The combined akohol extract was conocntratcd under 
reduced prcas when mangiferin separated as a yellow amorphous powder (32 g>. Adopting a similar 
type of extraction the heartwood (1 kg) yielded mangifcrin (1 g). Recrystalh~tion from 70% 
EtOHaq gave pale yellow OcadlcJ. m.p. 27&272” (dac). (Found: C, S4.3; H, 45 C,,Ht,OIr requires: 
C, MO; H, 4.3 %.) IR (KBr) 3413 (s). 2924 (m). 2336 (w), 1645 (5). 1613 (8). 1486 (8). 1399 (m), 1295 
(m), 12SO (8). 11% (m). 1134 (w), 1093 (s). 107s (m). lOS3 (m). 1031 (m), 982 (m), 893 (w), 877 (w), 
832 (m), 820 (m) and 800 (m) cm-r. W (6O%cthanol: 239 (4.35). 257 (4S2). 314 (4.15) and 360 rnp 
(4.10); [z&’ $32” (EtOHaq). In cimdar paper chromatography in 60% AcOH it gave a yellow ring 
wbcn sprayed with ammonia, R, 060 (34”). It is solubk in EtOHaq. Na,CO,aq and NaOHaq 
giving deep yellow solns. In akohohc soln F&l, gave a deep green colour, Mg/HCl an orange red 
colour and Zn/HCl (boiling) red colour. With HCI and ak. FCC& it produced a greeni& yellow ppt 
immediately. It gave a positive Molisch’s tat. 

Mangiferin (2 g) was acztylated using -0 (IS ml) and pyridine (1 ml). The Batatc was passed 
through a column of alumina using Bottom as the cluant and then on rsaystallization with AcOEt- 
light petroleum it separated as a white amorphous powder, mp. 141-143” (dotering at 127’). It 
gave no colour with ak. FcCl,. (Found: C, S4.6; H. 4.6. C,,H&, rcquiru: C, SS.0; H. 4Sy*) 

The above ac&ate (I g) in EtOH (2S ml) was ducctylatcd (mfluxing) using coot H&O, (1 ml). 
The pak yellow compound, that separated, on rcaystaUixation with 60% EtOH gaw yellow nccdks, 
m.p. and mixed m.p. with mangifcrin, 27&272O (dec). 

Methykdn 

1. Us% diinerhyI sulphart. Mangiferin (1 g) was rcfluxai with Me&O, (8 ml, exams) in Batone 
(#x) ml) and K&O, till a test sample gave no colour with ak. Fe& The methyl ether was puritkd 
by passing through a column of alumina using AcOEt as the eluant. It could not be uystahized 
(semi-solid) and was highly soluble in all organic solvents. IR (CHCI,); 2874 (s). 2392 (w). 164s (m). 
1453 (m), 1387 (m). 1366 (m), 926 (m). 901 (w) and 848 (w) cm-r. 

* A. C. Jam and T. R. Suhadri. Curr. Sci. 35,323 (1966). 
I0 L. J. Hxyoas, Buff. Nor. Ituf. Scl. In& 31, 198 (l%S). 
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2. With diazomcfk. Mangiferin (03 g), in a mixture of dioxan (50 ml), EtOH (7s ml) and 
water (4 ml), was mcthylated using diazomctham in ether (50 ml). After 2L( hr more diazomcti 
in ether was added and al&r 48 hr ether was removed under ordimuy press and tbc remaining sol~nta 
under diminkhui press. The residue, after drying over KOH in vacuum, was taken up in &OH. It 
could be separated into two fractiom,, the !Irst fraaion giving a deep green colour with ak. F&I,, 
m.p. 193-195” (dcc) shrinking at 170”); [zg i-19.2” @OH). (Found: C. 53.8; S3.6; H, 97, S.S; 
OCH,. 19.5. C,,H,,O,l.lt H,O requires: C. 53.7; H, 55; 3 OCH,. 2&S./,.) The second 
fraction, m.p. 23&231” (dcc). gave a negative ferric reaction. (Found: C, S7.1; H, S.5; OCH, 
229. C,,H,,O,, requires: C. 57.7; H, S.4; 4 OCH, 259x.) 

The trimcthykther of mangiferin was aatylated using Ac,O and pyridine. Ruaystallization of 
the mthyl ether aatatc from AcOEt-light petrokum gave white needles, m.p. 176178’. (Found: 
C, 56.6; H, 5.3. C,,H,,O,, requires: C, 56.9; H. 52x.) 

Aatyiation of mangiferin tctramcthyl ether by the above method and raxystallization from 
A&Et-light pctrokum fiorded colourkss ncedks, m.p. 184-185’. (Found: C, S7.6; H. 5.S. 
C,,H,,O,, requires: C, S7.6; H, 5.3 %.) 

Action of hydriodic acid 

To the suspension of mangiferin (2.S g) in phenol (1s g) HI (25 ml. d, 1.7) was added gradually 
cooling the flask during the addition. T?te mixtun was gently rcfluxed (I 35-137”) for 7 hr and poumd 
into an aqueous soln of NaHSO,. Dark brown product (1 g) that xparated gave green colour with 
ak. FCC&. 

The above product was aatylatcd using Ac.0 (4 ml) and pyridine (a5 ml). Rccrystalliradon 
of the aatate from EtOH afforded colourkss wooly ncedka, m.p. 197-198” un&pnsJod on admixture 
with an authentic sample of 1.3.6.7~tctraacztoxyxantborte? (Found: C, 59.1; H, 4.0. CtlHIIOII 
requires: C. S&8; H, 3.7x.) 

Ferric chbridc oxidorion 

Mangiferin (05 g) and FCC& (2.5 g in 8 ml water) were heated under rcflux at 115” for 1S min and 
then at 125” for 6 hr. The mixture was diluted with water (20 ml) and the dark colourcd compkx 
filtered off. The pak yellow filtrate, after treatment with rcsim IRC-120 (H+) and IRA400 (OH-) to 
remove Fe** and Cl- iom. was evaporated to a small volume. The syrupy product, so obtained. was 
identical with glucose in circular chromatography (RI 0.56. 34”) using phenol saturated with water 
as the irragating solvent and as developer aniline hydrogen phthalatc. It also formed an -DO 
(time of formation, 4 min). m.p. 208-210”. 

Periodic acid oxidorions of maqi/crin trfme~hyl erher 

(i) Oxiubion and idenrificarfon of formic acid. Periodic acid (0.5M; 1 ml) was added to a soln 
of the methyl ether (23.8 gm) in peroxide free dioxan (2 ml) and a little water. the soln made up to 
2S ml and kept at 0’. At regular intervals an aliquot (2 ml) was taken for titration. Blank titration 
was also carried out side by side. One mole of the methyl ether comumai 2.2 moles of periodic acid 
in 24 hr. The remaining soln was then distilled collecting about 3 ml of the distillate. It showed an 
acidic character and gave the chromotropic acid colour reaction only after prcreducing the acid with 
Mg and HCl. This confirmed the pmscnoc of formic acid in the distillate. Colour reaction with an 
authentic sample of formic acid under identical conditions gave the same result. 

(ii) Oxi&rion followed 6y borohydrtde reabion. To a soln of the methyl cthcr (3.15 mg) in water 
(3 ml) was added a soln of pcroidic acid in water and the mixture kept at room tcmp for 4 hr. The 
sdn was carefully neutralizad with Na,CO,aq, NaBH, (3.15 mg) in water (0.2 ml) added, the soln 
kft at room temp ovanight and then heated with 1N HCI (@4 ml) at loo” for 15 min. Circular 
chromatography of this soln with AcOEt:pyriditu:water (10:4:3) as solvent and as spray a mixture 
of 2% sodium metapcriodatc (4 parts) and alknlim KMnO, (1% KMnO, in 2% Na,CO,aq. 1 part) 
gave a yellow ring on a pink back-ground RI @83 (20”). An authentic sampk of glycerol and its 
mixture with the above soln also gave a single ring RI 0.83. 

(iii) Oxtirlon 10 rhe correspondfqq fmyf compound: A soln of NaIO, (3.2 g in 100 ml water) 
was added to the soln of the methyl ether (a86 g in 100 ml water), shaken and kept in a dark plocc. 
After 72 hr a RufTy white product ocparated and the soln was slightly acidic. It was made more acidic 
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with dil HCI (for breaking the NaIO, compkx) and thoroughly extracted with etbtr. The etbaul 
extract was dried and evaporated. The residue after purilkation by passing through a short column 
of alumina (EtOH) and rccrystalllration from EtOH gave colourkss prisms, m.p. 212”. (Found: 
C, 59.7; H, 4.4. C,,H,,O, requires: C, 60.0; H. 4+4%.) It gave an osaronc which crystallircd 
from EtOH as oran@ prisms, m.p. 242”; UV 340 and 400 mlr. 

Synthcsti o/ tlu formyl compod 

l-Aflylory-3.6.7-rrlr~x~x~f~~. I-Hhydroxy-3,6,7-trimcthoxyxanthonc (0.9 g) was allylated 
using ahyl bromide (2.5 ml, excess) in prcscnce of K&O, and aatonc till there was no colour with 
ak. FcCl,. Its crystallized from McOH as colourkss nccdlcs (07 3. m.p. 159-160”. (Found: C, 
66.5: H. 5.4; C,,H,,O,rquircs: C, 66.6; H. 5.3x.) 

2-A~lyl-l-h~~~oxy-3.6.7-rrinurhoxyxonrh~~ (VI). I-Allyloxy-3,6.7-trimcthoxyxantho~ (06 g) 
was rcfluxcd in dimcthylaniline (6 ml) for 4 hr, cooled and 2N HCl(15 ml) added. Tbc white solid 
that separated reayJtallircd from AcOH as colourlcss needles (0.4 g>. m.p. 184-185’. (Found 
C. 66.2; H, 5.5. C,,Hi,O, requites: 66.6; H. 5.3x.) It gave a green colour with ak. FcCl,. 

Osmium trrraoxidc oxidation of 2sllyl-l-hy&oxy-3.6.7-frimrrhoxyx~t~ne to the correspadiqs diol 

(VII) 

Osmium tctroxidc (@15 g, 1 mok) was added to a soln of 2-ally1 I-hydroxy-3,6.7-trimcthoxy- 
xanthonc (@195 g) in dry pyridiac (2.3 ml) kept stirring for 3 br arxl the chocolate brown complex 
that separated was decomposed by adding with stirring a soln of NaHSO, (@27 g) in water (4.5 ml) 
and pyridinc (3 ml). The ratio of NaHSO,: water : pyridinc used was kept at 2: 3 : 35. The clear ted 
soln (obtained in about 30 min) was extracted with chf (4 x 150 ml). the chf extract washal with 
dil HCI and finally with water and the solvent removed completely. The residue crystalhzcd from 
glacial A&H as pak yellow nccdlcs (0.12 g) m.p. 215-217”. (Found: C, 60.7; H, 5.6; C,,H,O, 
requires: C. W6; Ii, 5.4%) It gave a green colour with ale. F&l,. 

Ox&Won of rhc aTi01 VII IO a&hy& VlIl 

A soln of KIO, (lM, 012 g in 40 ml water) was added to the soln of the dial (017 g) in glacial 
AcOH (30 ml) in 30 min. kept stirred at 160” for 4 hr and after allowing it to stand at the same tcmp 
overnight, the AcOH was carefully neutralized with solid Na,CO,. The product that separated 
rccrystallii from glacial AcOH containing a littk watcr,as pak yellow needles @l g), m.p. 202-203”. 
(Found: C, 62.6; H, 4.2; C,,H,,O, requires: C, 62.8; H, 4.5%) It gave a green colour with ak. 
F&l, and a yellow f4dinitrophcnylhydrar.onc; UV: 257 and 347 my. 

Periodic acid ox&&don of the al&h@ VIII IO the cowquonding hydroxy akrhwtk IX 

A soln of HIO, in water (32 mg in 2 ml, I mole) was added in 20 min to the soln of the aldchydc 
(50 mg) in a mixture of glacial AcOH (20 ml) and THF (5 ml) keeping the tcmp of the reaction 
mixture at 10” and then allowed to stand at room tcmp for 24 hr. After neutralizing the A&H with 
Na,CO,. the ppt rccrystallizcd from alcohol as colourkss thick prisms, m.p. 212-214” undcpruscd 
on admixture with the sample from mangifcrin trimethyl ether. (Found: C, 58.6; H. 5.0. C,,H,,O, 
requires: C, 58.5; Ii. 4.6x.) It gave a green colour with ak. FCC& and an osazonc which rccrystal- 
lized from EtOH as orange prisms, m.p. 242-244”, undeprcscd on admixture with the one obtained 
from pcriodatc-oxidizcd mangifcrin trimethyl ether. Their UV (340 and 400 mr) and IR (Nujol) 
spectra were idcntioal. 

Per&date oxidorion of nmqifcrin tetranuthyl ether to the correspondiqq formyl cowpound 

Mangifcrin tctramcthyl ether (0+4 g) in water (100 ml) and pyridinc (10 ml) was oxidii using 
NaIO, (1.6 g in 100 ml water) and the reaction worked up as mentioned in the case of mangifcrin 
trimcthyl ether. The product rcuystallirzd from EtOH as colourleu needles, m.p. 24Y. 
(Found: C. 61.6; H. 4.8 C,.H,,O, roquira: C, 614; H. 4.80/,) It gave no ferric reaction and 
gave an orange-red osazonc; UV: 260 and 380 rnp. 
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synthesis of the Jbrntyr wtrpnmd 

1,3.6,7- Tmmet~~Saltylxanthone. I-Hydroxy-3,6,7-tetramcthoxy-sallytxanthone wa re- 
Buxcd with Me&I, (exoss), K&X& and acetone (120 hr). Recrystallization of the product from 
A&H gave colourkss nadlcs. m.p. 147-148”. (Found: C. 67-6; H, 64. C,.HrO, quirea: C, 
67.4 ; H, 5.6 %.) 

Osmlvm terraoxide oxtition of 1,3,6,7-tetrMuthoxy_2_ollyl*muhonc to the wrrespotu&g &I XI 
The tetramcthoxy-2-allylxanthonc (04 g) in dry pyridinc (5 ml) was oxidized using OsO, (0.3 g) 

as mentioned in the case of the trimcthoxy compound. The diol cry&Wed from aqueous AcOH as 
colourkss nabdla (0.26 3. m.p. 185-186”. (Found: C, 61.7; H, 5.7; C&“O, re@rcs: C, 61-5; 

H, 5.6 %.) 

Ox&Won of the &I XI to the oldehy& XII 

The diol (0.2 g) in glacial AcOH (35 ml) was oxidhd using NaIO, (@ll g) in water (40 ml). 
The product rocrystall&d from aqueous AcOH (&arc&) as light gray nccdks (012g), m.p. 
172”. (Found: C. 64.3; H, 5.2. CI,H,,O, requires: C. 63.8; H, S.O%.) It gave a 2&dinitrophcnyl- 
hydrazone. UV: 264 and 356 rnp. 

Periodate oxi&tbn of the aldehyde XU to the corresponding hydroxy Lriwtive XIU 

The akkhydc (0.1 g) in a mixture of glacial AcOH (40 ml) and THF (10 ml) was oxidizul using 
NaIO, (OQj5 g. 1 mok) in water (5 ml). The product aystall&d from EtOH as coloti nabdles, 
mp. 245’ undepruml on admixture with the sample obtained after periodate oxidation of mangifeti 
tctramethyl ether. (Found: C. 61.5; H, 5.2; C,,HUO, requires: C. 614; H, 4.8%.) It gave an 
orangbred osazonc; UV: 260 and 380 rnp. UV spectra of this osaume and the one from pcriodatc- 
oxidizzd mangiftin tctramcthyl ether were superimposabk. 

Oxidation of maql/rrfn tertamethyl ether with neutralpotassiwn permmganate 

The methyl ether (0.5 g) in acetone (80 ml) and water (4 ml) was nfluxcd for 6 hr with KMnO, 
(4 g) and MgSO, (2 g). SO, was passed into the soln till it became colourkss and the white product 
that separated wax filtcrcd off. It was purifkd by dissolving in NaHCO,aq, acidifying the ckar soln. 
and then cxtrecting with ether. Recrystallization from AcOH gan colourkss nadks, m.p. 255-257” 
(Found: C, 58.7; H. 58.4; H, 4.6.4.8; CI,HllO,, 4H.O requires: C, 58.5; H, 4*6%.) 

Oxidation of 1,3,6,7-tetramethaxy-2-afIyfxanthone to the wrrespondiq carboxylic acid 

2Allyltetramcthoxyxanthone (50 mg) in acetone (10 ml) and water (0.5 ml) was oxidittd with 
KMnO, (0.4 s> containing MgSO, (0.2 g). The colourkss product that separated after passing SO, 
~tallizcd from AcOH to give colourks necdlcs, m.p. 256257” undcprcscd on admixture with 
the sampk of the acid obtained from mangiferin tctramcthyl ether. (Found: C. 58.0; H. 4.9; 
C,,H,,O, tH,O requires: C, 58.5; H. 4*6%.) 


