
CHAPTER 111: ISOLATION AND CHARACTERIZATION OF 

VARIOUS CHEMICAL CONSTITUENTS IN 

DIFFERENT PLANT PARTS OF DARJEELING AND 

GANGTOK VARIETIES OF FAGOPYRUM DIBOTRYS 

(D DON) HARA. 

Introduction. 

During the past few decades a large number of the natural products have been 

isolated from different parts of Fagopynim species, specially. Fagopynim 

esculentum Moench (Troyer, 1955; 1961; Horhammer, 1954; Koyama et al., 

1973; Krause and Reznik. 1972; Saxena and Samaiya, 1987), Fagopynim 

lataricum (Yasuda and Shinoyama, 1996; Yorash et al. 1964; Sato et al. 

1980; Underbill et al. 1964) and Fagopynim sagitatiim (Feliks. 1968). But 

most of the isolated and identified natural products are phenolic in nature 

though a few report in sterols ( Kaezmave , 1968 ; Takatsuto et al , 1989 ) 

and triterpenoid ( Takatsuto et al, 1980; Samaiya and Saxena et al , 1986) 

are available . Inspite of the availability of a number of reports on 

Fagopynim cymosum (Furuya. 1952; Takahashi and Tanaba. 1961; Liu et al. 

1983; Samaiya and Saxena, 1989; Tsuzuki and Yamamato (1989); Liang and 

Xiao 1990; Yao et al, 1989), there is a lack of author's name of the plant. For 

this reason it is not possible to understand whether Fagopynim cymosum is 

the synonym of the plant under study i.e Fagopynim dibotrys (D. Don) Hara 

or not. It has been observed that the work on isolation and identification of 

natural products by ail these authors again is restricted only to few phenolics 

and sterols. From literature it appears that very limited information on 

phytochemical in Fagopynim dibotrys (D. Don) Hara is available (Basu, 

1997). 

Thus it is very necessary to investigate Fagopynim dibotrys (D. Don) Hara 

for understanding its chemical make up so that knowledge derived out of it 
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will be utilised for solving the problem of nomenclature. According to 

Batesmith (1972) , the phenolic compounds are very important to deal with 

the taxonomic problems . It has also been well established that some phenolic 

played a role on growth and development of plants (Galston, 1969) and a 

large number of compounds have been noted to act as good inhibitors causing 

dormancy and non-viability of seed (Basu. 1972. 1977 a). Here an attempt 

has been made to isolate and characterize the natural products present in 

Fagopyrum diholiys (D. Don) Hara collected from two different habitats of 

Darjeeling and Gangtok, the understanding of which will be of much help in 

connection with identification of the two types from chemotaxonomy point of 

view. 

Materials 

Leaf, stem, rhizome and flower of Fagopyrum dibotrys (D. Don) Hara 

Methods. 

The photochemical analysis of different parts of Fagopyrum dibotrys (D. 

Don) Hara involves four steps. 

I) Extraction 

II) Separation of different fractions 

III) Isolation and purification 

IV) Characterisation of the chemical constituents 

I Extraction . 

Air-dried powder of plant materials (1 kg each of various plant parts) was 

soxhleted with petroleum ether (b.p 60- 80 c) followed by methanol as well 

as water. Extraction was conducted for three days for each of the solvent at 

the rate of eight hours per day. The extracts obtained were termed as fraction 

A. B and C on the basis of solubility in different solvents like petroleum 

ether, methanol and water, respectively. 
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Chart I 
Flow sheet showing the different steps involved during the extraction and separation of 
different chemical constituents'of various plant parts of Fagopynim cliboliys (D.Don) Hara 
of the Darjeeling and Gangtok varieties. 
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II Separation of different fractions. 

The petroleum ether (A) was directly purified by column chromatography 

but the methanolic (B) and water fraction(C) were concentrated to a small 

volume under reduced pressure and a large volume of ether was added to the 

concentrated solutions to remove the ether soluble part. 

The extraction was continued until the solvent became colourless. The ether 

fraction again, was separated into four sub-fractions, namely: -

a) Phenolic acids part 

b) Basic part 

c) Acid part 

d) Neutral part 

The methanolic part and water part remained after the treatment with ether 

were utilized for the examination of the flavonoids and other chemical 

constituents according to the flow sheet represented (Chart I). 

a) Phenolic acid part 

The ether fraction was treated with 10 % sodium bicarbonate (w/v) 50 ml 

sodium bicarbonate solution was added at each time so that the total volume 

of bicarbonate solution became 150 ml after frequent treatments and 

separated with 500 ml separating funnel. The aqueous layer was acidified in 

cold with HCl and phenolic acids were reextracted whh ether, after standing 

for a day with anhydrous sodium sulphate. This was evaporated to dryness 

and residue was dissolved in methanol for further purification. 
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b) Basic part 

After removing the sodium bicarbonate layer the ether fraction was once 

washed with water and then extracted with 35% acetic acid (w/ v) .The acetic 

acid fraction was treated with 5% aqueous NaOH (w/v) to make it a neutral. 

The aqueous fraction was extracted with ether and after dehydration with 

anhydrous sodium sulphate, evaporated to dryness under reduced pressure 

and the residue was taken in small volume of chloroform and 

chromatographed. 

c) Acid part. 

The remaining ether fraction was treated with 50 x 2 ml of 5% aq. NaOH 

(w/v) .The aq. alkali fraction was acidified and extracted with ether which 

after dehydration with anhydrous sodium sulphate, evaporated to dryness 

under reduced pressure and the residue was taken in small volume of 

chloroform and chromatographed. 

d) Neutral part 

The ether fraction left after the separation of the phenolic acid, basic and 

acid fractions were treated as neutral fraction. This part was again dehydrated 

with anhydrous sodium sulphate and evaporated under reduced presssure. 

The residue was taken in the minimum volume of chloroform and was 

chromatographed . 

e) Ether insoluble methanolic fraction. 

The mass of the alcoholic fraction left after the treatment with ether was 

taken in small volume of alcohol and treated with large volume of water. It 

was kept in freeze for few days to obtain any solid separated in the flask. 

Ill Isolation and purification 

The petroleum ether part (A) and the various other subfractions of the 

methanolic part and water part (B & C) were further purified by fractional 

separation as well as column chromatography in order to isolate pure 

chemical compound. Two different adsorbents, silica gel and alumina were 
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used for the column chromatography. The procedure was as follows. Each 

fraction was evaporated to dryness under reduced pressure and taken in small 

volume of chloroform, which was again adsorbed over silica gel or alumina. 

This was eluted with solvents starting from non-polar to polar solvent as 

follows: 

1). Petroleum ether 

2 )Petroleum ether :Benzene (3:1) 

3)Petroleum ether :Benzene(l :1) 

4) Petroleum ether:Benzene (1:3) 

5)Benzene 

6)Benzene : Chloroform (3:1) 

7) Benzene : Chloroform (1:1) 

8) Benzene: Chloroform (1:3) 

9) Chloroform 

10) Chloroform : Methanol (3:1) 

11 )Chloroform :Methanol( 1:1) 

12) Chloroform: Methanol (1:3) 

13) Methanol 

50ml of eluted solvent was collected at each time and evaporated to small 

volume. It was kept aside for the crystallization . The change of the solvent 

was done only when an elute showed no trace of any crystals . The elutes 

were airanged according to serial number . 

IV. Characterisation of chemical constituents. 

Different chemical compound isolated in pure was identified on the basis of 

they're chemical and physical data represented below 

1) Mehing point (m p) 

2) Mixed melting point (m m p ) 

3) Thin layer chromatography (TLC) 

4) Paper Chromatography (PC) 
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5) Ultra violet spectrum (U V) 

6) Infra red spectrum ( 1 R) 

Solvents used for the chromatography as follows: 

1) Butanol: Acetic acid : Water (4:1:5 v/v/v) 

2) Benzene : Chloroform ( 40:60 v/v) 

3) Chloroform : Benzene : Acetone ( 90 :9: 1 v/v/v) 

4) 1%HC1 

5) Phenol saturated with water 

6) Hexane : Acetone (4:1 v/v) 

7) Isopropanol : Ammonia : Water (10:1:1 v/v/v) 

8) Chloroform :Acetone (99:1 v/v) 

9) Chloroform : Methanol (3:1 v/v) 

10) Butanol: 2 M HCl (1:1 top layer ) 

11) Benzene : ethylacetate (90:10 v/v) 

Reagents used for chemical tests 

i) Fast Blue Salt B for phenolic compounds. 

0.5 % Aqueous solution of Fast Blue Salt B freshly prepared was sprayed 

followed by spraying with 0.1-(N) NaOH solution. 

ii) Para- anisidine phosphate for sugars. 

0.5gm of anisidine was dissolved in 2 ml of H3 P04 and the solution was 

diluted 50 ml with ethanol . The precipitated anisidine phosphate was 

dissolved in ammonium quantity of water and diluted with equal volume of 

ethanol. 

ill) Liebernian -Burchard Reaction for the sterols: 

TLC plates were sprayed with a mixture of 1 ml cone sulphuric acid. 20-ml 

acetic anhydride and 50 ml chloroform and heated at 85 -90 ^C for 15 

minutes. 
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iv) Phosphoric acid for the detection of steroid : 

1 volume of 0- phosphoric acid was diluted with 1 volume of water. The 

Developed chromatograph was sprayed until it was transparently humid and 

heated to 120 ''C for 10-20 minutes. The fluorescent spots were examined 

under UV light. Unsaturated steroids and sterols were detected as blue spot 

in visible light when the plates were heated for ten minutes . The 

chromatogram was again sprayed in hot with freshly prepared solution of 1.5 

GM phosphomolybdic acid in 100ml ethanol and dried in an oven at 120 OC 

for five minutes. 

v) Aniline hydrogen phthalate for sugar on paper chromatography. 

1.6 GM of 0- phthalic acid was dissolved in 49ml n-butanol and mixed with 

0.92 ml, Et2 O and 2-ml water were added. The chromatograms were heated 

at 105 OC for ten minutes after spraying. 

vi) Napthoresorcinol and phosphoric acid for sugar on TLC plate : 

A spraying solution was prepared with 0.2% napthoresorcinol in butanol 

containing 10% phosphoric acid. The developed chromatogram was sprayed 

with the solution and heated at 100 ''C for 10 minutes. 

Section A: Isolation, purification and characterization of different 

chemical constituents in the leaves of Fagopyrum dibotrys 

(D .Don) Hara. 

Results 

I Petroleum ether soluble part. 

i)Fraction A. 

The petroleum ether (b.p 60 -80 "C) extract of the air-dried powdered 

leaves (500gm) of Fagopyrum dibotrys (D.Don) Hara was evaporated to 

dryness and the residue was taken in a minimum volume of chloroform 

which was column chromatographed over alumina. The crystals obtained 
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after eluting the column with different solvents are presented in the following 

(Table 8). 

Table 8: Residue obtained from fraction A of leaves of Fagopyrum dibotrys 

(D.Don) Hara after elution with different solvents (eluents). 

Eluents 

Petroleum ether (60-80 "C) 

PetroIeum:Benzene(3:1) 

Petroleum ether: Benzene (1:1) 

Petroleum ether: Benzene (1:3) 

Benzene 

Benzene : Chloroform (3:1) 

Benzene : Chloroform : (1:1) 

Benzene : Chloroform (1:3) 

Chloroform 

Chloroform : methanol 3:1) 

Chloroform : Methanol (1:1) 

Chloroform : Methanol (1:3) 

Methanol 

Sub fraction 

1-6 

7-11 

12-19 

20-27 

28-35 

36-40 

41-46 

47-58 

59-65 

66-71 

72-78 

79-83 

84-90 

Residue on evaporation 

Oil 

Crystals 

Crystals 

Crystals 

Crystals 

Crystals 

Nil 

Nil 

Nil 

Nil 

Crystals 

Crystals 

Nil 

a) Sub fraction? &-11 

The sub fractions were mixed, evaporated to small volume and was kept in 

cold for 3-4 days to obtain a white crystal (150 mg), which was separated out: 

The melting point was determined to show 137-138 "C. The crystals were 

separated and recrystallized in the pure form in the chloroform and methanol 

mixture and melting point was confirmed again to be 137*^0.This crystal was 

soluble in chloroform and benzene but insoluble in methanol. 

The crystals along with authentic sterols were spotted on T L C (Silica gel) 

plate and developed in benzene: chloroform (40:60) and chloroform: acetone 

(99:1) to obtain Rf values at 0.74 and 0.88, respectively. Plates were sprayed 

with the mixture of 1 volume of H2SO4, 40 vol. acetic anhydride and 50 
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volume chloroform and kept in oven (85-90 "C) for 15 minutes .The region 

of the sterol was coloured tinged violet and the Rf values of the chemical was 

noted as well as IR study of the crystals show Vmax 3310. 1740. 

1710,1380,1160,900,800 cm "' which was similar to those of authentic 

f-sitosterol (Fig 1). 

b) Sub-fraction 12-35 . 

The fraction were collected and evaporated to small volume and kept for 3-

4 days when crystals having the melting point 212 "C was obtained. These 

crystals were recyrstallized and melting point was confirmed again at 212 "C. 

The crystals were also spotted on TLC (Silica Gel) plate along with the 

authentic marker sterols. The relative flows noted in the solvents benzene: 

chloroform (40:60) was 0.60 and in chloroform: acetone (99:1) was 0.59. 

hifrared spectrum showing peaks Vmax 3320, 1720, 1680, 1480, 1360,1300, 

1250, 1190, 1050, 980 cm"' was found to be superimposed with that of 

stigmasterol (Fig 2). 

c) Sub-fraction 36-40. 

The fractions were mixed and concentrated after evaporation. It was kept in 

cold for 3-4 day when the crystals were separated .The solid mass was 

dissolved in chloroform, warmed and methanol was added in drops for 

recrystallization. Crystals were observed to show melting point at 139 OC. 

The isolated chemical was spotted on thin layer chromatogram with silica gel 

G along with the authentic marker of various sterols and was run in the 

solvents chloroform: acetone (99:1) and to have Rf 0.68 in benzene: 

chloroform (40-60), Rf was noted to be 0.73. Thin layer plates was developed 

with Liebermann Burchard reagent and heated in oven at 85 -90^C for the 

fifteen minutes. The spots on the plate showed the characteristic tinged 

colour similar to that of authentic marker of lanosterol. The IR spectrum 

Vmax 3280, 1700.1450. 1380.110,1030 cm"' (Fig 3). 
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d) Sub fraction 72-83. 

The sub fractions of the eluent were mixed and evaporated to small volume 

when an appreciable amount of crystals were obtained. It was recyrstallized 

in chloroform: methanol and white waxy plated crystals were obtained. The 

crystals showed m .p 206^208 C. It was subjected to T L C on Silica Gel G 

in solvents such as chloroform: acetone (99:lv/v) Rf 0.58: hexane: acetone 

(4:1 v/v) Rf 0.32. The plate showed purple spots after spraying with 

antimony chloride in cone HCl and subsequent heating at llO^C for 10 min. 

The chemical properties were very much similar to those obtained with 

authentic diosgenin .It was further confirmed with superimposable IR 

spectrum of the isolated product and authentic diosgenin with characteristics 

peaks Vmax 3300 . 1720 . 1375 . 1250 , 1050 , 900 . 840 . 800 . 720 cm "' 

(Fig 6). 

ii) Fraction B-1. 

a) Phenolic acid part. 

The sodium bicarbonate fraction was acidified and shaken with ether. The 

ether part was evaporated and the solid mass was dissolved in methanol. 

Chloroform was added warmed and kept for 3-4 days for crystallization (150 

mg). After drying the crystals the melting point was confirmed to be 199-200 

"C. This was soluble in methanol and hot water but insoluble in the cold 

water, ether and petroleum ether. The compounds and authentic samples of 

phenolic acids were spotted in paper chromatograph (Whatman No 1) and 

run in butanol: acetic acid: water (4:l:5v/v/v) and isopropanol: ammonia: 

water (10:1:1 v/v/v) and 5 % acetic acid. The calculated Rfs are shown in the 

Table 9. 

The isolated phenolic acid showed similar behavior on paper 

chromatography with the authentic caffeic acid. This was further confirmed 

when 1-% aqueous FeCl.i solution turned green to both the isolated and 

authentic caffeic acids. Infrared spectrum with peaks V max 3400. 3200, 
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1635. 1610,1595,1520.1370,1280,1180 cm- 1of caffeic acid and of isolated 

phenolic acid were observed superimposable (Fig 5). 

Ferulic acid had been identified after paper chromatography whose Rfs 

were 67 and 12 in butanol: acetic acid: water (4: I :5 v/v/v) and 5% acetic 

acid, respectively. The melting point of this i~olatecl. crystal was 170-171 °C 

(Table 9). The infra red spectrum of isolated-secondary product shows peaks 

at V max 2950, 1635. 1580,1500, 1430. 1280, 1110, 1070, 930, 810, 750 cm-1 

as similar to those of benzoic acid (Fig 6). Similarly .the other fraction of the 

phenolic acid on the infra red peaks "":ith Vmax 3300. 2850. 1640. 1600. 

1435, 1400, 1200, I 070, 970, 800 em -I resulted the superimposiability to the 

authentic o- coumaric. Acid (Fig 7). Infra red study of the another crystals 

gave Vmax 3300.2850. 1640, 1570. 1430. 1400, 1360, 1300, 1270, 

1250.1220. 1190.1110. 1000. 910. 840 cm-1 found similar to those of 

authentic sample of 3,4 dihydroxybenzoic acid (Fig 8). 

Table 9: Representation of relative flows and physical properties of the 

isolated chemicals isolated from phenolic part of leaves of Fagopyrum 

dibotrys (D.Don) Hara after being subjected to paper chromatography. 

Phenolic acids BAW(4: 1:5 Isopropanol uv light UV +ammonia 

v/v/v) :Ammonia.:Water 

RfxiOO (I 0: I: I v/v/v) Rfx I 00 

or 5% Acetic acid * 

Caffeic acid Deep blue Colour brighten 

78 26 

o-coumaric Green 

acid 92 42* Mauve 

3.4. 

dihydrobenz- 56 17 Bluish Green 

oic acid 

Benzoic acid 

87 20 Green Mauve 

Ferulic acid 67 12* Green violet 

Blue 
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All these crystals were isolated and identified with the help of relative flows 

and IR which were observed to become similar toauthentic sample as shown 

in that of Table 9 and Fig 5-8. 

b) Basic part. 

This fraction did not any show appreciable amount of solid, therefore, it was 

discarded. 

c) Acid part. 

This fraction was discarded due to paucity of isolated product. 

d) Neutral part. 

This fraction was discarded due to paucity of isolated product. 

II Ether insoluble methanolic fraction. 

i) Fraction B. 

After the complete evaporation of the ether insoluble methanolic fraction an 

appreciable amount of solid was obtained, it was treated with hot water and 

refluxed. These water-soluble fraction was kept in defreeze for 24 hour and 

the dark brown solid was separated out. After the filtration, the residue was 

washed with chloroform and dissolved in methanol in concentrated volume. 

Water was added to it till the turbidity appeared. It was cleared by warming 

and subsequent cold treatment. Pale yellow needle crystals were separated 

(50 mg) and melting point 192 C was determined. This was soluble in 

ethanol and methanol but sparingly soluble in water and insoluble in 

chloroform, benzene and petroleum ether. It could be dissolved in alkaline 

solution of the chemical to show green colour that was produced on reducing 

with magnesium and HCl. Following the procedure of Sakamato and 

Takamura (1978), the crystals in the methanol was mixed with 0.10 M of 
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methanolic solution of SnCh. 2H2 O in 1:2 proportions and absorbance was 

seen in speckle and the peak at 430 nm was similar to that of authentic rutin. 

On paper chromatography, the relative flows were measured in the solvents . 

butanol: acetic acid : water (4:1:5 v/v/v) and isopropanol : ammonia :water 

(10:1:1 v/v/v) (Table 10) . Other colour observation in ultra-violet light and 

ammonia were studied .The infra red study was made whose Vmax were 

3300, 2880, 1630, 1580, 1480, 1430, 1350, 1300, 1280, 1220, 1180, 1040, 

1000, 990, 930, 860. 820 cm"' which found to be identical with the rutin (Fig 

9). 

The isolated chemicals were hydrolyzed after boiling with dilute sulphuric 

acid (7%) under refluxed condition for 2 hours. On cooling the solution, the 

aglycone was separated as yellow solid. It was filtered and crystallized first in 

methanol and then treated with chloroform - methanol mixture to obtain 

yellow needles, which melted at 312-314 "C. Observation on paper 

chromatography has been represented in the Table no 11. The aqueous acid 

filtrate from hydrolyzed product was extracted twice with ether to remove 

remaining traces of aglycone .The ether was removed. The solution was 

neutralized with barium carbonate. After filtration, the filtrate was 

concentrated under reduced pressure. The residues was taken in a small 

quantity of water and spotted for paper chromatography in a- solvent of 

butanol: acetic acid: water (4:1:5 v/v/v) to obtain the relative flow at 0.16 and 

0.33 which were identical with those of authentic glucose and rhamnose. 

respectively. Colour was developed after spraying with anisidine phosphate. 

It was noted to be brown for glucose and yellow brown for rhamnose (Table 

10). 
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Table 10: Representation of the relative flows and physical properties of the 

isolated chemicals from leaf of Fagopynim diholrys (D.Don) Hara during 

paper chromatography. 

Flavonoid 

Rutin 

Isolated flavonoid 

Quercitin 

Flavonoid obtained 

after acid 

hydrolysis of the 

isolated products 

from the leaf 

BAW(4:1:5 

v/v/v)Rf 

x 100 

45 

45 

67 

67 

Isopropanol: 

Aminonia:vva 

ter(10:l:lv/v/ 

V) Rfx 100 

21 

21 

21 

21 

Ammonia 

Yellow 

Yellow 

Yellow 

Yellow 

UV 

Dull 

brown 

Brown 

Dull 

brown 

Dull 

brown 

UV+amm 

onia 

Brown 

Brown 

Brown 

Brown 

The yellow needles crystallized in methanol and petroleum ether mixture.on 

the paper chromatography with the solvents butanol: acetic acid: water (4:1:5 

v/v/v) and Isopropanol: ammonia: water (10:1:1 v/v/v). the Rf values were 

calculated and which were identical to those of authentic sample of quercetin. 

It was further confirmed by the absorption maxima 470 nm observed in the 

speckol from methanolic solution of SnC12 of 0.10 M mixed in 1:2 

proportion. The infra red spectrum having Vmax 3400, 1220, 1200, 1150, 

1050 cm"' of the isolated material was noted to be superimposable with those 

of authentic sample of quercetin (Fig 10). 
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The dried powdered leaves was extracted with petroleum ether, and the 

petroleum ether extract was discarded .The plant material was subjected to 

methanol extraction. Original MeOH extract was concentrated to small 

volume and petroleum ether was added to remove fatty substances. On 

evaporation, under the reduced pressure the fine fluorescent crystals were 

finally crystallized in MeOH part. Infra red spectrum, studied had Vmax 

3300.2880. 1630.1590. 1550.1450. 1430. 1360.1290. 1200. 1090.1030.1010. 

950- 820 cm''. These peaks were superimposable with those of fagopyrin like 

compound (Fig 11). 

In another fraction, the dried leaves of Fagopynim dibotrys (D. Don) Hara 

was powdered finely with the mixer before extraction with acetone: water 

(1:1) .The extracts were streaked on paper chromatographic sheets (Whatman 

3mm) and developed with 6% acetic acid and measured Rf 0.53. The 

leucoanthocyanin was located by spraying a test strip with flourescent light 

on paper sheets. The bands containing leucoanthocyanin crystallized readily 

from the concentrated solution in the form of needles with m.p 123-125 "C. 

The infrared spectrum shows characteristic peaks Vmax 3300, 2880,1680, 

1445, 1360, 1140.1000.700 cm '' which were superimposable to those of 

leucoanthocyanin (Fig. 12). Acidic hydrolysis of these crystals converted the 

solution into red, which further confirmed its presence. 

ii) Fraction B-2 

The dried powdered leaves were immersed in 1-% cone. HCl with some 

amount of methanol (50 ml). The macerate filtered or centrifuged and the 

extract concentrated in vacuo at 35 40 C until the volume reduced to about 

l/5th of the original extract. The anthocyanins were chromatographed one 

dimensionally on paper in butanol: acetic acid: water (4:1:5) and butanol: 

HCl and ] % HCl against authentic marker samples .It was later identified as 

cyanidin 3 glucoside and cyanidin 3,5 diglucoside as shown in the Table 11. 
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Table 11: Representation of the relative flows and physical properties of the 

isolated chemicals from leaf of Fagdpynim dihotrys (D.Don) Hara during 

paper chromatography. 

Anthocyanin 

Isolated 

anthocyanin 

Cyanidin 3,5 

diglucoside 

Cyanidin 

3 glucoside 

isolated 

anthocyanin 

BAW 4: 

)RtxlOO 

0.22 

0.22 

38 

38 

:5 v/v/v BuOH:21VIHCI 

(1:1 top layer) or 

Rfx 100 

7* 

7* 

25 

25 

1%HCI * 

Visible light 

Light red 

Deep red 

Deep red 

Deep red 

III Water soluble part 

i) Fraction C 

Dried leaves were extracted with water for one hour. The extract was 

concentrated after adding the petroleum ether .The flask when gently 

shaken., the foam appeared and which remained in between the two layers. 

i.e upper petroleum ether fraction and lower water soluble fraction. On 

addition of water, the foam was dissolved, column chromatographed over 

alumina and eluted with butanol saturated with water. The residue obtained 

during the procedure is as follows: 



Table 12: Residue obtained from water-soluble part of Fagopyriim cUbotiys 

(D.Don) Hara after elution with different solvents (eluents). 

Eluent 

Butanol (Saturated with water) 

Do 

Do 

Do 

Do 

Do 

Fraction 

1-10 

11-20 

21-30 

31-40 

41-50 

51-60 

Residue after 

evaporation 

Nil 

Crystal 

Crystal 

Nil 

Nil 

Nil 

a) Subfraction 11-30 

It was evaporated to small volume under reduced pressure when heavy 

frothing confirmed saponin or soapy lather appeared while boiling .The 

concentrated solution was kept in cold for 4 days when appreciable amount 

of crystal having mp 287 "C was obtained. Infra red study was made on the 

basis of peaks and had Vmax were 3300, 2890.1600. 1450, 1380,1130. 1050, 

1010. 920 cm"'(Fig. 13). 

The sapogenin was derived after the following the procedure adopted by 

Brain et al., (1968) .The residue was hydrolyzed with molar HCl for 6 hours. 

It was neutralized and was shaken with chloroform. The chloroform part was 

evaporated to dryness and fine crystals were obtained from chloroform and 

methanol mixture .The residue was run in solvents i.e. Chloroform: Acetone 

(99:1, v/v) Rf 0.58; Hexane: Acetone (4:1 v/v) Rf 0.32. The plate showed 

purple spots after spraying with antimony chloride in cone. HCl and 

subsequent heating at 110 "C for 10-mins. The chemical properties were very 

much similar to those obtained from the authentic diosgenin and was further 

confirmed with superimposable peaks Vmax 3450, 1720, 1375, 1250, 1050, 

900,840,800,720 cm"' (Fig. 4). 
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Conversion of diosgenin to 16 DPA: 

Based on the methodology of Fakid and. Hamied (1964), 16 DPA was 

prepared from diosgenin. It was column chromatograph and 16 DPA was 

obtained from petroleum ether sub fraction (1-10). The residue obtained 

was dissolved in chloroform and methanol was added dropwise until 

turbidity appeared and which was warmed and kept for 24 hours for 

crystalization. Pure crystals showed mp 169 -170 "C. The isolated 

products was subjected to paper chromatography under different solvent 

mixtures Chloroform: acetone (99:1) Rf 0.50. Chloroform: Methanol (3:1) 

Rf 0.45) which were similar to those of authentic sample. IR spectrum 

Vmax 2900, 1650. 1600.1470, 1250,1020, 800 cm"' were observed to be 

superimposable with those of 16 DPA (Fig 14). 

Section B: Isolation, puriHcation and identiilcation of different chemical 

constituents in the stem of Fagopyniiu dibotiys (D.Don) Hara 

Results: 

I) Petroleum ether part 

i) Fraction A 

Air-dried and finely crushed stem was extracted in petroleum ether (60-80 

"C). Petroleum ether extract was evaporated to dryness under reduced 

pressure and dissolved in small volume of chloroform. These were 

chromatograph in column packed with alumina (Al 2O 3). The following 

solvents were run as represented in Table 13. 
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Table 13: Column chromatography of the petroleum ether e.xtract of stem of 

Fagopyrum dibotrys (D. Don) Hara. 

Eluents 

Petroleum ether (60-80 c) 

Petroleum:Benzene(3:1) 

Petroleum ether: Benzene (1:1) 

Petroleum ether :Benzene (1:3) 

Benzene 

Benzene : Chloroform (3:1) 

Benzene : Chloroform : (1:1) 

Benzene : Chloroform (1:3) 

Chloroform 

Chloroform : Methanol 3:1) 

Chloroform : Methanol (1:1) 

Chloroform : Methanol (1:3) 

Methanol 

Sub fraction 

1-6 

7-:l 1 

12-19 

20-27 

28-35 

36-40 

41-46 

47-58 

59-65 

66-71 

72-78 

79-83 

84r86 

Residue on evaporation 

Oil 

Crystals 

Nil 

Nil 

Nil 

Crystals 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

a) Sub fraction 7-1 

These sub-fractions were collected, mixed and evaporated to a small 

volume. These on keeping for air-drying condition, the crystals were 

precipitated. The melting point of the crystals was found to be 140 °C. It 

was recrystallized in chloroform ,and methanol mixture which was dull 

white and the melting point at 136"C was observed .The melting point and 

chromatographic behavior of the isolated product was very much similar to 

those obtained in connection with the authentic,.sitosterol. It was further 

confirmed by the superimposable IR spectrum of the isolated product with 

that of authentic sitosterol .The absorption peaks of IR spectrum were Vmax 

3310, 1740, 1710, 1380. 1160,900.800cm"' (Figl). 
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b) Sub fraction 36-40. 

The collected fractions v/ere concentrated and the crystals were separated 

after keeping at room icmperaturc for seven days. I'hc solid mass was 

dissolved in chloroform and, methanol was added on drops when 

crystallization occurred. Melting point was noted at 139'̂ C .The isolated 

chemical was spotted in thin layer chromatography with the silica gel G 

alongwith the synthetic marker of various sterols and was run in the solvents 

chloroform: acetone (99:1) and had relative flow 0.68 and in Benzene: 

chloroform (40:60) the relative flow at 0.73. Thin layer chromatography 

plates were developed with Lieberman Burchard reagent and heated in oven 

at 85 -90 '̂ C for 15 minutes. The spots on the plate showed the 

characteristics tinged colour coinciding with the synthetic marker of 

lanosterol. IR spectrum V max 3280, 1700.1450. 1380,1100.1030 cm"' of the 

isolated crystals shown the same peaks as obtained with authe'ntic lanosterol 

confirming furthermore (Fig 3). 

II Ether soluble methanolic part.' 

i) Fraction B-I. 

a) Phenolic acid part 

The isolated phenolic acids were caffeic acid, o -coumaric acid, ferulic acid, 

3,4 dihydroxybenzoic acid and benzoic acid as mentioned in the Table 9 

with same characteristics tests and IR spectra as discussed earlier in 

connection with isolation of phenolic acids in leaves of the plant. 

b) Basic part. 

This fraction was discarded due to paucity of Ihe isolated chemicals. 

c) Acid part. 

This fraction was discarded due to paucity of the isolated chemicals 
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e) Neutral part. 

This fraction was discarded due to paucit>' of the isolated chemicals 

f) Ether insoluble methanolic fraction. 

i) Fraction B 

The ether insoluble fraction was treated with the hot water and refluxed after 

the evaporation of ether. The water soluble part was kept in defreeze for 24 

hours, light yellow amorphous was observed to be deposited .It was separated 

out after filtration, the residue v\as washed with chloroform and dissoUcd in 

methanol in concentrated volume. Water was added to it till the turbidity 

appeared and kept in cold, a pale yellow solid was deposited .The solution 

was filtered and recrystallized with the chloroform and methanol into a pale 

yellow needles, melting point 199 'C was separated. That separated crystals 

were run in butanol: acetic acid: water (4:1:5) and isopropanol: acetic acid: 

water (10:1:1) and measured the relative flow at 0.45 and 0.18. respectively 

.The infra red study was studied and noted the peaks at V max 3300. 

2880.1630.1550.1580. 1480.1430.1350.1300.1280. 

1220.1180.930. 860.820 cm "' Analysis of IR spectra showed that the 

characteristic peaks which was superimposible to that of authentic rutin (Fig 

9). 

The another crystal w âs also separated from same fraction which was run in 

butanol: acetic acid; water (4:1:5 v/v/v) and isopropanol: ammonia: water 

(10:1:1 v/v/v) and measured Rfs at 0.67 and 0.21.rcspecti\ely. These crystals 

share all the chemical characteristics of quercetin. which has been 

represented during isolation of quercetin from the leaf of this plant (Table 

10). 
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Section C 

Isolation, purification and identification of different chemical 

constituents in the rhizome of Fagopynim dibotrys (D.Don) Hara. 

I. Ether soluble part 

i) Fraction B-1 

a) Phenolic part 

This fraction did not any show appreciable amount of solid, therefore, it was 

discarded. 

b) Basic part 

This fraction did not show appreciable amount of solid, therefore, it was 

discarded. 

c). Acid part 

This fraction was discarded due to paucity of isolated product. 

d) Neutral part 

This fraction was discarded due to paucity of isolated product. 

II. Ether insoluble methanolic part, 

i) Fraction B 

The dried ether insoluble fraction treated with hot water and refluxed. The 

water-soluble part was kept in defreeze for 24 hours and separated out yellow 
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brown solid. The solid residue was washed with chloroform and dissolved in 

methanol at concentrated volume Subsequently, the water added to develop 

the turbidity, which resulted with a pale yellow solid deposition. The isolated 

crystals were run in the paper chi-omatography and performed other physical 

tests such as UV light, ammonia, UV+ ammonia treatments and IR study .As 

the result, the compound was identified as rutin (Fig 9). 

As in the case of rhizome also the fractional isolation of ether insoluble part 

was performed and found that leucoanthocyanidin which was confirmed 

with tests and properties as discussed earlier in leaves. 

Section D: Isolation, purilication and identification of different 

chemical constituents in the flower of Fagopyrum dibotrys (D.Don) Hara. 

I. Ether soluble part 

i) Fraction B-1 

a) Phenolic acid part 

This fraction did not show appreciable amount of solid, therefore, it was 

discarded. 

b) Basic part 

This fraction did not show appreciable amount of solid, therefore, it was 

discarded. 

c) Acid part 

This fraction was discarded due to paucity of isolated product. 
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d) Neutral part 

This fraction was discarded due to paucity of isolated product. 

II. Ether insoluble part. 

i) Fraction B. I 

The dried powdered flower wa|s extracted with petroleum ether. After 
i 

separation of petroleum ether exti-;act the dried powder was extracted with 

methanol. The methanol extract was evaporated under reduced pressure to 

1/5 Th of its volume and the extract was treated with the water in 1:2 ratio. 

The flasks containing concentrated extract was kept for 24 hrs to obtain fine 

•red crystals. It had characteristic fluorescence under visible light. Infra red 

spectrum of the isolated crystal' showed characteristic peaks at Vmax 

3300,2880, 2950,1600, 1440,1350^ 1140,1080, 1000, 710 cm"' and which 

were superimposable with those of fagopyrin like compound (Figl 1). 



Discussion: I 

The extraction of different plant parts of Fagopynim diboirys (D.Don) Hara 

yielded the phytosterols, flavonoids and phenolic constituents in the different 

solvents fractions. Isolation of secondary products with the petroleum ether, 

chloroform, methanol and ethanoj fraction were done The crystals were 

collected and studied with the special emphasis on paper chromatography, 

thin layer chromatography and Infra -red spectroscopy. The identification of 

different natural products has been performed after comparing the physical 

and chemical characteristics with those of authentic samples collected from 

different laboratories in India. While working on leaves of Fagopynim 

dibotrys (D.Don) Hara. P sitosterol (Fig 1): stigmasterol (Fig 2) lanosterol 

(Fig 3) and diosgenin (Fig 4) have been observed to be present in 

appreciable quantity .The presence of p sitosterol was reported in Yao et al 

(1989) from Fagopynim cymosum but the part from which it was isolated had 

not been elucidated in that work. Subsequently, this steroid was isolated from 

the bulb (Liu et al, 1983) and recently Basu (1997) isolated from the leaves of 

the plant Fagopynim dibotrys (D.Don) Hara. 

The phenolic acids were separated from the sodium bicarbonate fraction 

after the acidification and which was subjected to ether extraction. The ether 

soluble part with the addition of few drops of ethanol on the flasks was kept 

undisturbed for 4-6 days. Fine square shaped crystals appeared. Here in this 

part of work the physical and chemical characteristic features of the phenolic 

acids have been studied with special emphasis on the determination of 

melting point, chromatographic behaviours and IR spectrum study .all these 

features have been compared with the authentic chemicals. The chemicals 

that have been identified are caffeic acid, o- coumaric acid, benzoic acid, 

ferulic acid and 3,4 dihydroxybenzoic acid (Fig 5-8). Laing and Xiao (1990) 

reported the presence of chlorogenic acid, caffeic acid and ferulic acid from 

the shoot and rhizome of Fagopynim cymosum M but they did not mentioned 

the presence of any phenolic acid in the leaf. Thus, the presence of all these 
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phenolic acids in the leaves of Fagopyrum diholrys (D.Don) Hara may be 

considered as the first time to report. Though, the caffeic acid was isolated 

and reported in the leaves of Fagopyrum esculenium (Hansel and 

Horhammer, 1954). 

The yellow crystals that have been isolated from the leaf of ether insoluble 

part and relative flows measured after running in the solvents, butanol: acetic 

acid: water (4:1:5 v/v/v) as well as isopropanol: ammonia: water (10:1:1 

v/v/v) at 0.67 and 0.21, respectively. Infra -red study reveals the presence of 

Vmax 3300, 2880, 1630, 1550, 1430, 1480, 1350, 1300, 1220, 1180, 1030 

930 cm and which have been characteristics for authentic rutin (Fig 9). 

Previously. 4.5-8.5 % of rutin was isolated by Imai and Furuya (1951) from 

Fagopyrum cymosum but in the present work, it was measured at average 7% 

and 5.2 % of rutin from the leaves of Fagopyrum diholrys (D.Don) Hara of 

the Gangtok and Darjeeling varieties, respectively. The rutin was also 

isolated from Fagopyrum esculentum by Schunck (1858), Troyer (1955), 

Grinkevich and Ivanova (1970) and from Fagopyrum lalaricum by Vevash 

(1964) but the amount was not of remarkable one. 

In the other instance, the yellow crystal was isolated from the other fraction 

of ether insoluble part. It was run on the paper chromatography with Butanol: 

acetic acid: water (4:1; 5) and Isopropanol: ammonia: water (10:1:1) and 

noted the Rfs were noted to become 0.65 and 0.18, respectively (Table 10). 

I R spectrum has Vmax 3400, 1660, 1555, 1520, 1400, 1380, 1220, 1200, 

1150, 1050 cm which are similar Jo those of authentic quercitin (Fig 10). 

Yamato and Koyama who had reported from Fagopyrum cymosum could 

support the availability of the free quercitin. It was also however reported 

from some other species of genus Fagopyrum (Hansel, 1954) like, 

Fagopyrum esculentum Moench (Zhanaeva, 1990) and Fagopynmi tataricwn 

Gaertn (Underhill et al, 1964) .The other works on the quercetin contents in 

Fagopyrum species were done by Singh et al, (1989) Underhill et al, (1957) 

and Sato etal (1980). .̂ 



In connection with the isolation of anthocyanin the leaf of the Fagopynim 

dibotrys (D.Don) Hara has been immersed in 1% HCl with the methanol and 

crystals have been isolated. The isolated crystals run in the solvents BAW 

4:1:5, butanol: 2M HCI (1:1 top layer) and 1% HCl have been observed to 

show relative flow of 0.38, 0.25,.and 0.07 respectively (Table 11). These 

values of relative flows of the isolated product have been observed to be 

similar to those of authentic cyanidin 3 glucoside. Cyanidin 3,5 diglucoside 

has also been identified to be present in the leaf of the plant. However, the 

presence of cyanidin 3, 5 diglucoside was reported earlier by Basu, (1997) 

from the leaves of Fagopyrum dibotrys (D Don) Hara .The most interesting 
i 

point to note that anthocyanins as mentioned above have been detected in the 

Darjeeling variety but not in the Gangtok variety. These may be considered 

as the taxonomically important character. Another fine red fluorescent crystal 

has been isolated from the methanol extract of leaves after fractional 

crystallization. Infra red spectrum has shown the Vmax values as 

3300,2950,2880,1600.1440,1350,11:40,1080,1000,710 cm"' (Fig 11). These 

peaks are superimposable with that of the authentic sample of fagopyrin -

like compound. Though the isolation of fagopyrin like natural product from 

the plant has not been earlier reported but it was reported from the other two 

species of Fagopyrum, viz, Fagopynmi esciilentiim Moench by Wender et al, 

1943) and Fagopyrum sagitlaium (Kaezmarek. 1968) except hyperin which 

was reported by Yamato and Koyama (1962). 

The isolation of leucoanthocyanin has been made from methanol extract of 

the plant .The Infra red spectrum shows V max 3300, 2860, 2460, 2380, 

1740, 1445, 1360, 1010, 815, 710 cm and which are similar to those of 

authentic leucoanthocyanin .The crystals when subjected to hydrolysis 

produced the red colour of solution in the flask. The relative flow in the 

solvent butanol: acetic acid: water 4:1:5 and 1% HCl and butanol: 2M HCl 

(1:1 top layer) are 0.38, 0.07and 0.25. respectively and these are the 

characteristics for cyanidin. This confirms the presence of the 
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leucoanthocyanin. The presence of leucoanthocyanin was already reported by 

Basu (1997) from the leaves of the plant and Liang and Xiao (1990) had 

reported P - procyanidin from the rhizome of Fagopynim dibotrys (D. Don) 

Hara from the rhizome .In 'Other species, the presence of the 

leuGoanthocyanidin was noted in Fagopynim esciilennim (Troyer, 1961). 

The presence of free sapogenin i.e. diosgenin has been detected the leaf of 

Fagopyrum dibotrys (D.Don) Hara .The isolated product has the capacity to 

be converted to 16 DPA (Fig 14) and which is the characteristic for diosgenin 

and has been confirmed after Infra red study. The characteristic-peaks Vmax 

were 3300, 2890, 1600, 1450, 1380, 1130, 1050,1010.920 cm'' have been 

observed to be similar to those of authentic diosgenin (Fig4). This presence 

of sapogenin may be treated as a new report from the leaves of the plant. 

However, the presence of hecogenin from the bulbs of Fagopyrum dibotrys 

(D. Don) Hara was discussed in Vaoxue Xuebao, (Liu ET al, 1983; Rastogi 

and Mahalotra, 1995). 

From the petroleum ether extract of stem of Fagopyrum dibotrys (D.Don) 

Hara P sitosterol and lanosterol have been isolated. Hence, the presence of 

the p sitosterol and lanosterol may be considered as a new report from the 

stem part of the plant. 

The phenolic acids such as caffeic acid, o- coumaric acid, ferulic acid, 3,4 

dihydroxybenzoic acid and benzoic acid have also been isolated from the 

stem. All those isolated products have characteristic peaks in the I R 

spectrum similar to those of authentic samples. Besides the paper 

chromatographic behaviour of the isolated products are similar to that of the 

authentic sample. Tsuzuki and Yamamato (1989) isolated the chlorogenic 

acid, caffeic acid.and ferulic acid from the shoot of Fagopyrum dibotrys 

(D.Don) Hara. 
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While isolating the anthocyanin from the stem, deep red crystals cyanidin 3 

glucoside and light red ciystals cyanidin 3,5 diglucoside have been isolated 

and identified following co-clifomatography and IR spectroscopy of the 

isolated product and authentic sample .The presence of cyanidin 3, 5 

diglucoside was reported by Basu, (1997) in the leaves of Fagopyriim 

dibotrys (D Don) Hara but not from the stem .So, the presence of cyanidin 3 

glucoside and cyanidin 3, 5 diglucoside in the stem of the plant should be 

considered as a new report from the plant. 

Yellow crystals have been isolated from the ether insoluble part of the stem. 

It has been identified after the studying chromatography and IR spectroscopy 

of the isolated product and authentic quercetin. Ether insoluble fraction has 

also been observed to show the presence of rutin in the stem of Fagopyrum 

dibotrys (D Don) Hara. . The presence of rutin in the stem and leaves of other 

Fagopyrum species was also noted earlier (Yorash et al, 1964; Troyer, 1955; 

Grikerich and Ivanova, 1970). 

The flower of Fagopyrum dibotrys (D.Don) Hara have been extracted with 

the methanol which on the fractional crystallization found red fluorescent 

crystal .The IR spectrum of the isolated product have been observed to be 

similar to that of authentic fagopyrin like compound which has also been 

reported to be present in the leaf (Fig 11). No report of its presence in the 

plant has been published but its presence in Fagopyrum esciilentum Moench 

had been reported by Wender et al.j (1943 ) and Fairbairn (1959 ). 

In this part of work of phytochemical investigation of the different parts of 

Fagopyrum dibotrys (D Don) Hara of the Darjeeling and Gangtok varieties is 

expected to throw some light on the presence of uptodate knowledge of 

active constituents in the respective parts of the plant. 
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Summary. 

Investigation has been carried out with special emphasis on isolation and 

characterisation of chemical constituents in different plant parts of 

Fagopyrum dibotrys (D.Don) Hara such as leaves, stem rhizome and flower. 

Phytochemical analysis has been performed following the conventional 

method of soxhleting air-dried plan|t parts first with petroleum ether followed 

by methanol. Crude petroleum .ether part has been directly column 
1 

chromatographed over alumina and pure crystals have been isolated after 

elution with suitable solvent. i 

Methanolic extract has been separated into phenolic acid, basic, neutral and 

ether insoluble parts and pure crystals have been isolated after column 

chromatography and fractional crystallization. Chemical constituents have 

been identified after comparative study of their m.p, m.mp, TLC, PC and IR 

spectrum of the isolated chemicals with those of authentic samples. 

Petroleum ether extract of leaves o^ Fagopyrum dibotrys (D.Don) Hara of the 

Darjeeling and Gangtok varieties shows the presence of p sitosterol, 

lanosterol, stigmasterol and diosgenin. , 

Methanolic extract of the leaf of Fagopyrum dibolrys (D.Don) Hara of the 

Darjeeling and Gangtok varieties show the presence of rutin, free quercetin, 

leucoanthocyanin and fagopyrin like flourescent compound. Only the 

Darjeeling variety shows the presence of cyanidin 3 glycoside and cyanidin 

3,5 diglucoside .In both the varieties a saponin has been isolated which on 

acid hydrolysis produces diosgenin which is confirmed after being converted 

to 16DPA. 

Phenolic acid sub-fractions of the methanolic extracts of leaves of both the 

varieties show the presence of caffeic acid, ferulic acid, benzoic acid, 3,4 

dihydroxybenzoic acid and o-coumaric acid. 
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The petroleum ether part of the stem show the presence of P sitosterol. and 

lanosterol .The methanolic part showed the rutin and free quercetin. 

Phenolic acid sub-fractions of the methanolic extract of stem of both the 

varieties shows the presence of caffeic acid, ferulic acid, benzoic acid, 3,4 

dihydroxybenzoic acid, o-coumaric acid and rutin. Rutin has been isolated 

from the ether insoluble fraction of the rhizome. Other sub-fraction of 

methanolic part contains leucoanthocyanin. 

The flower of Fagopynim dibotrys (D .Don) Hara of the Darjeeling and 

Gangtok. varieties has been observed to show the presence of fagopyrin like 

fluorescent compounds in the ether insoluble part. 


