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Abstract-17-0-fi-D-Glucopyranosldes of nomllmic acid, deacetylnomihmc acid, isoobacunolc aad, epiisobacunolc 
acid, obacunoic acid, and trans-obacunoic acid were isolated from grapefruit seeds. The hmonold aglycones were 
identified by ‘H and 13CNMR spectroscopy 

INTRODUCTION 

We recently reported the discovery of 17-o-/?-D-&CO- 

pyranosldes of the major neutral citrus limonoids limonin 
(l), nomilin, deacetylnomilin and obacunone in grape- 
fruit (Citrus paradisii) seeds [ 11. These glucosides are 
present in high concentrations relative to the aglycones 
and may be of significance in the areas of limonoid 
biosynthesis and metabolism, taste of citrus products, 
and human nutrition. We have now isolated and charac- 
terized six more hmonoid 17-O-fi-D-glucopyranosides 
from grapefruit seeds. All of them are glucosides of 
limonolds in which the A-ring lactone is open and C-3 is 
therefore a free carboxyl group 

RESULTS AND DISCUSSION 

As we reported previously [l], aqueous extracts of 
grapefruit seeds contain ca 15 compounds giving an 
Ehrlich-positive reaction on TLC which is characteristic 
of limonoids [2] and four of which were isolated and 
identified. In these compounds the D-ring lactone was 
open and D-glucose was attached to the 17-hydroxyl by a 
fi-glycoadic linkage. After repeated reversed phase and 
ion exchange column chromatography, six of the other 
compounds were isolated. In each case acid hydrolysis 
produced D-ghCOSe, identified by a specific enzyme reac- 
tion as described previously [ 11. Furthermore, the sugar 
resonances m the ‘H and 13C NMR spectra of these 
compounds were almost Identical to those of the gluco- 
sides previously identified. Likewise, the resonances at- 
tributable to the hmonoid positions C-12 to C-17 and the 
furan ring of the new compounds showed the same 
anomalous shifts previously observed. Thus the new 
compounds must also be 17-0-B-D-glucopyranosides. 

As the hmonoid aglycones of the glucosides are de- 
stroyed under the conditions used for acid hydrolysis, 
they were identified by NMR spectroscopy of the gluco- 
sides. Both the ‘H and 13CNMR spectra of the major 
glucoside contained six C-methyl signals, one of which 
showed chemical shifts characteristic of an acetate 
methyl. A downfield one-proton signal at 6 5.81 in the 
‘H NMR spectrum was consistent with a proton attached 
to a carbon bearing an acetoxy group. The only known 

acetylated citrus limonoids are nomdin and nomilinic 
acid (2). The glucoside of nomilin was one of the four 
previously isolated, so the “C NMR spectrum of the new 
glucoside was compared with that of methyl nomilinate 
(3) [3]. The signals for the carbon atoms remote from the 
D-ring area (C-l to C-l 1) were very similar for the two 
compounds (Table 1). The largest differences, ca 3 ppm, 
were observed for carbons C-S and C-9, probably due to 
changes in the shape of the B and C rings when the D-ring 
is open. The chemical shift of the C-4 srgnal (73 ppm) 
clearly shows that the A-ring of the glucoside is open, 
making C-3 a free acid and C-4 a hydroxyl group. A 
la&one linkage at C-4 causes a chemical shift of ca 83-84 
ppm for this carbon resonance, while a 1,4-cyclic ether 
system (A’-ring) as in 1 results in a chemical shift of ca 
78-79 ppm. All of the signals in both the ‘H and 
’ 3C NMR spectra are completely consistent with 2 as the 
aglycone, and accordingly we have assigned the structure 
nomilinic acid 17-O-/~-D-glucopyranoside (4) to this com- 
pound. 

The next glucoside showed ‘H and “C NMR spectra 
quite similar to that of the first one, except that the no 
acetate methyl signal was present and the carbinol proton 
signal was further upfield, at 64.10 The C-4 resonance at 
673 showed that again C-3 was a carboxyl and C-4 a 
hydroxyl group. This suggested that the aglycone was 
deacetylnomdinic acid (5) [S]. When the 13CNMR 
spectrum of the glucoside was compared with that of 
methyl deacetylnomilinate (6), as in the previous case a 
close correspondence was observed for C-l to C-11 
(Table 1). Therefore we have assigned the structure 
deacetylnomllimc acid 17-O-b-D-glucopyranoside (7) to 
this compound. 

The ‘HNMR spectrum of the next glucoside to be 
considered was very similar to that of 7, in this case the 
carbmol proton resonance being located at 63 91. How- 
ever, the C-4 signal was at 678, mdicating the presence of 
an A’-ring. The most likely aglycone with these character- 
istics is isoobacunoic acid (8) [3], and indeed a com- 
parison of the 13CNMR spectrum of the glucoside with 
that of methyl isoobacunoate (9) showed close similar- 
ities for C-l to C-l 1 (Table 1). All of the resonances in the 
NMR spectra are consistent with the structural assign- 
ment of isoobacunoic acid 17-O-fl-D-glucopyranoside 
(10) to this glucoslde. 
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1 Llmonm 2 Normhmc acid RI = AC, RZ = H 

3 Methylnonuhnate RI = AC, R2 = Me 

5 Deacetylnomdxuc acid RI = H, R2 = H 

6 Methyl deacetylnomlhnate R’ = H, R’ = Me 

c '0 

4 Nomtbmcac~d 17-0-/3-D-glucostde R = AC 8 Isoobacunolcacld R = H 

7 Deacetylnomlhmc actd 1770-P-D-glucos~de R = H 9 Methyl lsoobacunoate R = Me 

10 Isoobacunotcactd 17-O-/3-D-glucostde 

The next glucoside showed a ‘H NMR spectrum clo- 
sely resembling that of 10, with the carbmol proton signal 
shghtly downfield at 64 02. The C-4 resonance, at 6 79, 
again indicated the presence of an A’-rmg. A posstble 
candidate for the aglycone in thts case would be the C-l 
isomer of 8, epusoobacunorc acid (11) [3]. The mam 
drfferences between the ‘HNMR spectra of the methyl 
esters of 8 and 11 are downfield shafts of protons 1-H and 
15-H m the latter case Downfield shifts of these two 
signals are also observed m comparmg the proton spectra 
of 10 and the present glucosrde (Table 2) The largest 
difference between the r3CNMR spectra of the methyl 
esters of 8 and 11 IS a 4 ppm upfield shaft of the C-5 
resonance for the latter, which IS consrstent with a 5 ppm 
upfield shift observed for this carbon stgnal m comparmg 
the 13C NMR spectra of 10 and the present glucoside 
(Table 3). Furthermore, a comparrson of the 13C NMR 
spectra of methyl eprisoobacunoate (12) wrth that of the 
present glucoszde showed good agreement for C-l to C- 

11 Epusoobacunolcactd R = H 

12 Methyl epusoobacunolc acid R = Me 

11. These data enable us to assign the structure epi- 
rsoobacunotc acid 17-O-P-D-glucopyranostde (13) to this 
glucoslde 

The major dragnostrc feature m the ‘H NMR spectrum 
of the next glucosrde was a two proton AB quartet near 
66, ascribable to a double bond. The C-4 resonance was 
located at S 72, showing the absence of an A-ring lactone 
and an A’-rmg As no H-l carbmol srgnal was observed, 
the double bond can be confidently assigned to the 1,2- 
posttron This leads to obacunolc acid (14) as the most 
likely aglycone of thts glucosrde The chemical shafts of H- 
1 and H-2 m the glucosrde (65 86 and 5 74) are close to 
those for methyl obacunoate (15) (66.01 and 5 71), and 
the couplmg constant (J= 13 Hz) IS the same m both 
cases Likewise, the resonances for C-l to C-l 1 of the 
glucoside correspond closely to those of 15, except for C-l 
and the bridgehead C-9 (Table 1). A srmilar difference m 
the C-l resonance was observed prevtously m comparing 
obacunone wrth obacunone glucoside [l] Accordingly 
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13 Epusoobacunolc acid 17-O-p -D-glucoslde 

I 

16 Obacunotc acid l7-O-a-D-glucostde 

: ; 

14 Obacunotcactd R = H 

15 Methylobacunoate R = Me 

17 IIUIZS- Obacunotc acid 17-O-P-D-gluccs:de 

Table 1 FCNMR chemtcal shaft differences between aglycone methyl 
esters and glucostdes* 

Aglycone ester 3 6 9 12 15 

Glucostde 4 7 10 13 16 

C 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

20 

21 

22 

23 

-04 -04 -0.6 -0.7 -4.7 
-02 07 0.9 0.1 1.7 

11 1.4 09 10 1.0 
0.2 0.4 0.0 -0.5 - 1.3 

-3.3 -41 -3.2 -43 -18 
0.3 0.6 0.7 0.2 0.4 

2.4 25 0.7 0.2 3.6 
-0.5 -0.5 0.3 -0.8 -1.5 
-3.1 -39 -0.5 - 1.8 - 5.4 
-1.2 -0.5 0.1 -0.2 - 1.3 
-11 - 1.5 -0.3 - 1.7 -2.7 
-4.3 -4.4 -1.5 -33 -6.1 

68 7.1 64 6.9 6.5 
48 51 47 4.7 5.5 
55 6.0 2.6 3.4 5.1 
22 20 28 3.0 20 
0.0 0.1 0.0 -0.2 -0.3 
54 5.6 5.7 56 5.3 

- 1.7 -1.8 -1.0 -1.3 -1.3 

25 2.5 31 3.0 27 
-0.8 -0.8 -0.1 -0.2 -0.4 

*Figures were obtained by subtractmg the chemical shafts of the glucost- 
des from those of the aglycone methyl esters Compound 17 IS not Included 

m the Table because the aglycone was not available 



Table 2 ‘H NMR spectra of hmonord glucosldes* 

H 4 7 10 13 16 17 

a-Furans 74x 747 7 52 7 53 

741 740 741 741 

651 651 655 6 55 

521 521 521 5 25 

581 m 410m 391 m 402 m 

7 48 748 
7 39 741 

651 651 

5 20 5 19 

5 86 d 683 d 

(132) (160) 
5 74 d 5 57 d 

(132) (160) 
2 90 2 95 

I 44 142 

1 08 104 
1 08 1 04 

0 96 090 

0 16 0 1.5 

2 78 3 17 331 
142 I 39 1 34 

115 1 18 1.25 

107 101 I 07 
097 083 1 03 

078 0 75 081 

413d 413 d 4 14 d 413 d 411 d 

(73) (73) (73) (73) (731 

fi-Furan 

H-17 

H-l 

H-2 

H-15 

C-Me 

281 

1 44 

1 16 

115 

087 

077 

196 

4 13 d 

(7 3) 

Acetate Me 

Sugar H- 1 

-- 
*Samples were run m DMSO-d, at 90”, at 270 MHz Couplmg constants (m Hz) 

are m pdrentheses 

Table 3 “C NMR spectra of hmonolds* 

C 3 12t 1st 4 7 10 13 16 17 

1 
2 

3 

4 

5 

6 
7 

8 

9 

10 

11 

12 

13 
14 

15 

16 
17 

20 

21 

22 
23 

C-Methyls 

O-Methyl 
Acetate carbonyl 

Acetate methyl 

Glucose C-l 

Glucose C-6 

Glucose C2-C4 

76 2 

38 5 

171 1 

73 0 
51 6 

35 0 

209 9 

519 

43 4 

45 7 
184 

312 

36 8 
65 7 

52 8 

1668 

77 8 

1203 

143 2 

1102 
1414 

324 

28 7 

20 2 

160 

160 

512 

1695 
207 

75 8 73 2 81 6 829 1552 1583 

38 I 37 8 36 9 36 8 119 8 119 1 

1722 174.2 172 1 I71 9 1676 167 I 

73 2 73 3 78 1 799 72 3 72 5 

48 3 47 2 56 5 513 53 7 54 8 

35 3 39 5 36 7 36 6 38 6 38 2 

2123 213 3 208 6 208 2 2129 2120 

51 4 51 3 50 5 50 3 51 3 51 I 
40 3 39 7 44 8 41 3 40 5 42 6 

445 44 7 45 4” 46 7 44 0” 440 

173 169 170 162 168 174 

269 27.0 26 5 26 8 26 7 26 6 

43 6 43 7 45 0” 45 0 43 9” 43 6” 

705 70 5 71 1 71 2 71 I 709 

58 3 58 2 57 3 574 58 4 58 3 

169.0 169 1 169 X 1700 1692 1692 

77 8 77 7 77 9 17 9 77 9 77 7 

1257 1258 125 7 1257 I?58 1256 

141 5 141 5 1416 141 6 1416 141 6 

1127 1127 1126 1126 1127 1126 

1406 1406 140 7 1407 1406 140 6 

317 32 5 30 1 32 1 30 2 30 I 

28 0 27 7 25 5 25 4 29 9 28 8 

249 24 7 23 9 24 3 24 3 250 

16 3 163 19 7 197 194 170 

15 0 153 97 162 169 145 

1692 

206 

1045 

61 6 

770 

76 1 

74 1 
706 

1044 

61 6 

770 

76 1 
74 1 

70 7 

1044 

61 6 

770 

762 

74 2 

707 

1043 

61 6 

769 

76 I 
742 

706 

_~ 

1045 

61 6 

770 

760 

74 1 
70 7 

1044 

61 I 

77 1 

76 2 

742 

70 7 

836 1599 

36 7 I18 1 

1709 1666 

804 73 6 

55 6 55 5 

364 38 2 

208 0 209 3 

51 1 52 8 

43 1 45 9 

469 45 3 

179 195 

30 1 328 
38 1 37 4 

66 5 65.6 

54 0 53 3 

1670 1672 

77 7 78 2 

120 1 120s 

1429 1429 

1096 1110 

1409 1410 
31 6 32 5 

23 5 290 

20 6 204 

194 200 

177 166 

51 7 51 7 

*Samples were run m DMSO-d, at 90”, at 67 8 MHz, unless otherwlse specdied 

t In CDCl, at 25” 

“Assignments m the same vertical row may be reversed 
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we have assigned the structure obacunoic acid 17-0-p-D- 

glucopyranoside (16) to this compound. 
The ‘HNMR spectrum of the final glucoside was very 

similar to that of 16, except that the two protons of the AB 
quartet were more widely separated and the coupling 
constant was larger (16 Hz). This suggested that the 
double bond was tram rather than CIS as in 14. The trans- 
isomer of 14 is not a known compound; to our knowledge 
the only known limonoids contaimng a trans-1,2-double 
bond are methyl anhydrolsolimonate [S] and methyl 19- 
hydroxyobacunoate [S]. The coupling constant between 
H-l and H-2 in both of these compounds is 16 Hz, as in 
the present glucoside. The 13C NMR chemical shifts for 
all of the carbons of this glucoside except C-l are very 
close to those of 16 (Table 3), as would be expected if they 
differ only in the configuration of the double bond. Thus 
we assign the structure trans-obacunolc acid 17-0-/&D- 

EXPERIMENTAL 

from Accurate Chenucal 8~ Sclentlfic (Westbury, NY). Column 

fractions were momtored by TLC and HPLC. 13C NMR spec- 

tral assignments were made on the basis of SFORD and DEPT 

spectra, selective heteronuclear decouphng, and comparison 
with spectra of related hmonolds for which assignments had 

previously been made [7,8 3. The spectrum for compound 9 IS m 

ref. [‘I], and that for 6 IS m ref [S]. 

Isolatmn of glucosldes Grapefruit seed meal was washed 

thoroughly with hexane, followed by Me,CO. The glucosides 
were then extracted from the residue with MeOH. All extractions 

were performed at 50-60”. The glucosides were first fractionated 

on a 5 x 40 cm column of coarse XAD-2 resin, elutmg with a 

hnear gradient formed from 2 1 each of 5 and 65% MeOH m 

H,O Individual fractions from this column were further purified 

by chromatography on a 2.5 x 90 cm column of fine XAD-2 

resin, eluting with a linear gradient formed from 1 5 1 of 5 and 

50% MeCN m H,O. Fractions contammg a single glucoslde 

were then further purified by chromatography on a 2.5 x 30 cm 

column of DEAE Sephacel (Pharmacia), elutmg with a hnear 

gradient formed from 1 1 each of H,O and 0.1 M HCl. Finally, 

the eluent fraction contammg the glucoside was freed of HCl by 

passage through a column of 40 pm C-18 adsorbent (Baker), 

followed by elution with MeOH 
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