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INTRODUCTION 

TRE tiavarnme glywside naringin, which is the 7/I-neohesperidoside of naringenin (4’,5,7- 
~y~ox~vanone), has long been known as a prirmipal bitter constituent of the grapefruit, 
Ci~~~~i. Recently this fruit has been shown also to wntain signi&ant quantities of a 
tasteless isomer of naringin, naringeniu-7/3-rutinoside,1 as well as lesser amounts of the 7/J- 
nwhe~~dosides of ~so~~e~ (5,7~hy~xy~‘-me~ox~v~one) 2 and hesperetin 
(3’,5,7-trihydroxy-4’-methoxyflavanone)3 and their rutinoside is0mers.l All six of these 
glywsides are diglywsides, being derivatives of the disaccharides neohesperidose (~-&X-L- 
rh~op~osyl-~gluw~) 4 and rutinose (6-O-cr-L-rhamnopyranosyl-~~uw~).s~ 6 

RESULTS AND DISCUSSION 

We have now isolated two flavanone triglycosides from grapefruit and have identified 
them as 4’~-Dglucosyl-7~-~eohesperidosy~~~n (4’/3+gluwside of naringin) and 
4’~-~~uwsyl-78_rutinosyln~~~n (4’j3+glucoside of n~n~~-7~-~~~~de). These 
compounds were puriikd by column chromatography. Acid hydrolysis, determination of 
sum-a~yco~ ratios, and thin-layer chromatography established that they are naringenin 
r~~~ucosides, and their stages were wnfirrned by s~ophotome~, e~tic 
hydrolysis, and thin-layer chromatography. The 4’-gluwside of naringenin-7jkutinoside is 
tasteless; the 4’glucoside of naringin was not available in sufhcient quantity for unequivocal 
taste evaluation, but limited studies indicate that if this compound is bitter at all, it is probably 
mu& less so than naringin. 

To our kuowledge, this is the &st report of the isolation of tivanone tri&wskks from 

1 J. W. MIZU, W. J. DUNLAP, R. E. HAGEN, S. H. WEND-B. J. LYME, R. F. ALIMZI and F. I’. G==MG 
And. Bi&m. 12,316 (1965). 

2 R. M. H~~UXPITZ and B. GIMFILI, Arch. B&hem. Biwhys. !% 191(1%1). 
3 W. J. DUNUP and S. H. WEND=, And. Biocircm. 4,110 (19az). 
4 R. M. Hoxmmz and B. G~TLI, TMe.k#m 19, ‘7’73 (1963). 
5 G. ?Z&~L&N and A. Grmcs, Ckm. Bet. B68,1318 (1935). 
6 P. A, J. Gem and A. S. PERIXN, Con. J. Cfiem. 37~1930 (1959). 
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any source. The naringenin triglycosides isolated in this study are much more water soluble 
than the corresponding diglycosides, and are of particular interest because of their possible 
importance in the metabolism of naringin and naringenin-7@-utinoside in grapefruit. Thin- 
layer chromatography studies indicate that 4’/3-D-glucosyl-7-neohesperidosylnaringenin and 
4’fi-D-glucosyl-7-rutinosylnaringenin are probably also constituents respectively of the shad- 
dock (C. grandis) and the sweet orange (C. sinensis).’ 

EXPERIMENTAL 

Segments from 25 lb of Ruby Red grapefruit obtained near Weslaco, Texas, in early April, 1964, were 
thoroughly extracted with methanol, and the extract was concentrated in vacl(o to a volume of 11. Individual 
compounds were isolated from thii extract and purified by column chromatography procedures similar to 
those previously described.1 The extract was chromatographed on a 64 x 8 cm column of Polyclar AT 
polyvinylpyrrolidone (General Aniline and Film Corp., Grasselli, N.J.) and eluted with distilled water. A 3 1. 
fraction, moving off the column after 6 1. of water had passed through, was reduced to small volume and diluted 
with 2-propanol; the precipitate thus obtained (166 9) was chromatographed on a 50 x 7.5 cm column of 
PolyclarATin25 %methanol-75 xbenzene. Thecolumnwaselutedwith221.of25%methanol-75%benzene, 
and the methanol concentration was then increased 5 per cent for every 4 1. of solvent. A 4 1. fraction, called 
C-14, which was eluted after 45 1. of solvent had passed through the column, and the 4 1. fraction, C-15, which 
was eluted immediately following C14, were shown by thin-layer chromatography to contain two closely 
related flavonoid compounds not previously identified in grapefnut. Fraction C-14 was further purified by 
additional chromatography on a 2.5 x 20 cm Polyclar AT column and a 1.2 x 8 cm silicic acid column. with 70 “/< 
benzene-30 3: methanol and 75 % benzene-25 % methanol, respectively, as solvents; 39.7 mg of purified C-14 
were obtained. Cl5 was subjected to further chromatography on a 3 x 15 cm Polyclar AT column with 75 % 
ben~m+25% methanol as solvent, and on a 1.5 x 10 cm column packed with Woelm polyamide (column 
grade, Alupharm Chemicals, New Orleans, La.) and eluted with nitromethane containing from 5 to 15 % 
methanol; 8.2 mg of purified G15 were obtained. 

The appearance on TLC and the U.V. spectra (A,, 283 and 330 nm) of both C-14 and C-15 were typical of 
flavanone glycosides, but the RI values of these compounds did not match those of any flavanone glycoside 
Previously isolated from grapefruit (Table 1). Both compounds were found, by acid hydrolysis and examina- 
tion of the hydrolysis products by TLCl, to consist only of naringenin, rhamnose, and glucose. 

TABLE 1. Rf VALUES OF REFERJzNCE COMPOUNDS COMPARED WrlTi TWJSE OF C-14 AND C-15 BEFDREANDAFIER 

HYDROLYSIS WITH GLUCOSIDASE 

Compound 

R, on given thin-layer in solvent system 1 
\ 

Woehn Polyamide Avicel SF 
, , , , 

1 2 3 4 5 

G14 0.27 0.85 0.29 O-02 
Cl5 0.22 0.81 8:: 0.31 0.03 
Nar@enin-7/l Rutinoside 0.37 0.62 0.79 0.56 0.32 

=Eed c-14 0.37 0.30 0.62 060 0.79 0.82 0.56 0.60 O-32 0.38 
Hydrolyzed c-15 0.30 0.60 0.82 O-60 0.38 
Neohe-speridin 0.43 0.61 0.68 0.57 0.35 
Hesperidin 0.50 0163 0.66 0.52 0.29 
Poncirin 0.60 0.62 0.55 0.72 0.56 
Is-tin-7/l-Rutinoside 0.67 0.63 0.52 0.67 0.53 

Solvent systems: (1) nitromethanemethanol(5:2, v/v); (2) methanol-water (1: 1, v/v); (3) Bcazensethyl 
acetate-formic acid-water (18:42:12:5, v/v/v/v); (4) I-butanol-acctic acid-water (6: 1:2, v/v/v); (5) methyl- 
isobutylketone-formic acid-water (14: 3 : 2, v/v/v). 

7 J. W. MIZELLE, Unpublished data, University of Oklahoma (1966). 
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The relative proportions of aglycone and sugars present in G14 and Cl5 were determined by means of 
chromatography-densitometry * and fluorescences procedures recently developed in our laboratory. For each 
compound, the sugars and aglycone obtained by acid hydrolysis of approximately 1 mg of glycoside were 
quantitatively separated by passing the hydrolysate through a small aqueous Polyclar AT colunm. The sugars 
were eluted from the column with water, and were separated, after deionization, by chromatography on silica 
gel thin-layers with n-propyl alcohol-ethyl acetate-water (7:1:2, v/v/v). The individual sugars were quanti- 
tated diiy on TLC by densitometry.8 The aglycone was eluted from the Polyclar column with methanol, and 
was quantitatively determined by measurement of its fluorescence intensity in methanolic AlCls solution at 
525 nm when excited by 325 nm light.9 These analyses showed that the ratio of naringenin:rhamnose:ghrcose 
in both C-14 and Cl5 was 1: 1:2, revealing that both compounds were naringenin rhamnodightcosides. 

The positions of sugar attachment to the aglycone naringenm in the 8avanone triglycosides were determined 
by spectral studies. Addition of anhydrous NaOAc to an alcoholic solution of either G14 or C-15 failed to 
produce a shift in the h,,, at 283 nm, showing that neither compound possessed a free 7-hydroxy group; the 
h,, at 283 was shifted to 305 nm in alcoholic AK& in both cases, indicating the presence in both compounds 
of a free 5-hydroxy group.lO~ 11 After standing for 10 min in dil. alcoholic NaOH neither Cl4 nor C-l 5 gave 
the broad maximum at 430 nm typical of ftavanones possessing a blocked 7hydroxy and a free 4’-hydroxy 
group, giving instead a maximum at 358 mn after 30 min; hence both compounds were indicated to have no 
free 4’-hydroxy group.11 These results clearly showed that glycosidic linkages in G14 and G15 must be at 
both the 4’-hydroxy and 7-hydroxy groups of naringenin. 

G14 and C-15 were subjected to hydrolysis by a specitic llavonoid fi-glucosidaseis and the products were 
studied by TLC and spectrophotometry. In both cases ghrcose and a naringenm rhamnoghrcoside, shown by 
spectral studies to possess free 4’- and 5hydroxy groups and a blocked 7-hydroxy group, were obtained. The 
naringenin rhamnogle obtained respectively from G14 and C-15 were shown to be naringenin-7p 
rutinoside and naringin (Table 1). Hence Cl4 was identitled as ~~-D-Blucosyl-7~~~osy~i~ and 
Cl5 as 4’~-~Blucosyl-78-~~&sylnaringein. 
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