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ICHANGENSIN: A NEW CITRUS LIMONOID
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Abstract—A new hmonoid, ichangensin, was 1solated from seeds of Citrus ichangensis. It 1s probably a metabolite of
deacetylnomilinic acid. In chloroform solution the compound formed an equilibrium mixture of 1somers, a ketone and
an intramolecular hemiketal, while in aqueous solution and in the solid state 1t was entirely in the hemiketal form.
Ichangensin was prepared by synthesis from methyl deacetylnomilinate

INTRODUCTION

We have been investigating the biosynthesis of the citrus
bitter substance limonin (1) in conjunction with our
efforts to develop methods for debattering citrus juices [ 1,
and references therein]. Dreyer [2] previously reported
that seeds of Citrus ichangensis and its hybrids contain
several umdentified imonoids He isolated and deter-
mined the structure of one of these compounds, ichangin.
Since one or more of them couid be intermediates n
limonin biosynthesis, we have further investigated the
limonoid constituents of C. ichangensis. A new limonoid
(2) was 1solated and 1ts structure determined. It appears
to be part of a unique limonoid biosynthetic pathway
which has implications for debittering research

RESULTS AND DISCUSSION

A nonpolar limonoid was isolated by chromatography
from an extract of C. ichangensis seeds. Although 1t
appeared to be pure by TLC 1n three solvent systems, the
'H NMR spectrum 1 CDCI, showed the presence of two
components, in a ratio of 24:1 After several crystalliz-
ations from different solvents both components were still
present in the same ratio. This suggested that we were
dealing with an equilibrating muxture of isomers. In the
13C NMR spectrum separate peaks could be observed for
most carbons of the two components. One sigmficant
difference was the presence of an additional ketone car-
bonyl resonance 1n the spectrum of the minor compo-
nent. Likewise, the major component showed a peak at
105 ppm absent 1n the spectrum of the minor component,
ascribable to a carbon bonded to two oxygens. These
observations suggested an equilibrium between a ketone
and a hemiketal, the latter being formed by intramolecu-
lar bonding with a hydroxyl group

All of the known citrus limonoids contain either a
singly bonded oxygen or a 1,2-double bond at C-1, and
therefore a signal for H-1 1s always present in their
'HNMR spectra. Since no signals attributable to H-1
were observed for either 1somer in the 'H NMR spectrum
of the C. ichangensis compound, the most likely site of the
keto group was C-1. The hemiketal could then be formed
by reaction with a 4-hydroxyl group to yield a 5-mem-
bered ring.

The 'H and '*CNMR spectra were consistent with
normal imonoid B, C, and D rings. However, no signals
were observed for the C-3 carbonyl, normally a lactone
or free acid, mn the '*CNMR spectrum A limonoid
containing a C-1 keto group and a C-3 free acid would be
a f-keto acid and would therefore be expected to readily
decarboxylate, C-2 would then become a methyl group
All citrus limonoids except those oxygenated at C-19, like
limonin, contain five C-methyl groups. The C. ichangen-
s1s compound showed no evidence of oxygenation at C-
19 1n its NMR spectra Thus, if 1t was formed by decar-
boxylation as postulated above, 1t should contain six C-
methyl groups. The '"H NMR spectrum was too crowded
in the methyl region to allow an accurate count. How-
ever, the 13C NMR spectrum, with the help of a DEPT
pulse sequence with proton decoupling [3] to invert
methylene carbons 1n the same region of the spectrum,
clearly showed six methyl signals for each 1somer. There-
fore we assign the structures 2a and 2b to the ketone and
hemiketal forms, respectively, of the 1solated compound,
and we have named 1t ichangensin

To confirm these structures we have prepared the
compound by synthesis from methyl deacetylnomilinate
(3b) Oxidation of 3b (CrO,) gave the 1-ketone, which
immediately cyclized to the hemiketal, methyl 1-hydrox-
yisoobacunoate (4) The 'H NMR spectrum of 4 showed
no signals for the keto isomer. Both the 'H and
13C NMR spectra were very simtlar to those of 2b. Hy-
drolysis of the ester with base followed by acidification
gave the free acd, which was quite stable, presumably
because 1t too was almost entirely in the hemiketal form
However, prolonged heating resulted 1n decarboxylation,
and the product was 1dentical with ichangensin. The ratio
of the two tsomers 1n the 'H NMR spectrum was also the
same as that observed for ichangensin

A similar limonoid, clausenolide (5), was previously
1solated from Clausena heptaphylla [4]. Clausenolide 1s,
in fact, the 11-hydroxy derivative of 2b In C. ichangensis
seeds ichangensin (2) is the major imonoid present, wher-
eas the seeds of most other citrus species contain limonin
1 as the predomnant limonowd [5].

In citrus leaves, stems, and frutts the D-ring lactone of
the imonoids is open, which renders them water-soluble,
whereas 1n seeds the D-ring 1s closed and the limonoids
are msoluble When the D-ring of 2 was opened by
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treatment with 3% potassium hydrogen carbonate in
70% methanol, the '3C NMR spectrum 1n D,O showed
carbon signals for only one component This was the
hemiketal form, as evidenced by a signal at 108 ppm for
C-1 and only one ketone carbonyl signal (C-7), at 217
ppm Likewsse, the sohd state '>*C NMR spectrum of 2
was that of a single constituent, and again this was the
hemiketal form, with peaks for C-1 at 105 ppm and C-7
at 210 ppm Thus, 1t seems likely that i vwo 2 1s entirely
1n the hemiketal form

During the past few years the biosynthetic pathways of
the major citrus imonoids have been well established
[6-10] Compound 3a has been shown to be a precursor
of all of the known limonoids of citrus and 1ts hybrids.
Nomilin 1s formed directly from 3a, and hmonn (1) is
biosynthesized from nomuilin via obacunone and obacun-
oate [7, 8] Compound 2 1s probably formed by dehy-
drogenation of 3a, followed by decarboxylation The
latter reaction undoubtedly occurs under enzyme cata-
lysis, considering the difficulty experienced 1n carrymg 1t
out in the laboratory

Since all known citrus imonoids contain a C-3 car-
bonyl group, the conversion of 3a to 2 must represent an
alternative  biosynthetic pathway of limonoids
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Apparently this pathway 1s the major one 1n C. ichangen-
sis and 1s unique to this species, simnce we have not
detected 2 1n seeds of other citrus species 1If this pathway
could be transferred genetically to citrus species which
have a limonoid b:tterness problem, 3a might be largely
converted to the nonbitter 2, and subsequently less nom-
ilin and imonin (T) might accumulate 1n ffuit tissues This
could represent a possible solution to the imonin bitter-
ness problem.

EXPERIMENTAL

Materials and methods C ichangensis seeds were obtamed
from the Umversity of Cabforma at Riverside citrus groves
Silica gel plates for TLC were developed with solvent systems
(a) cyclohexane-EtOAc {2 3), {(b) CH,Cl,-MeOH (49 1), (c)
EtOAc-CH,Cl, (2 3) Sohd state ' *C NMR spectra were run at
678 MHz with spinning speeds of about 3000 Hz under
CPMAS conditions and referenced to the methyl resonance of
hexamethylbenzene (17 4 ppm)

Isolation of ichangensin Limonoids were extracted from 40 g
of C ichangensis seeds by the procedure previously described
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[5] The extract was fractionated

onated by preparative TLC with
system (a) to give 61 mg of chromatographically pure 2. After
crystallization from 1so-PrOH, MeOH, and CH,Cl,-hexane the
mp was 175-178° (uncorr) 'HNMR (270 MHz, CDCl,). ke-
tone form (2a). 61 14, 1.16, 1 19, 1 25, 2.26 (18H, 6s, C-Me), 3.74
(1H, s, H-15), 540 (1H, s, H-17), 6 33 (1H, d, J =1 Hz, f-furan),
740 (2H, d, J =1 Hz, a-furans). (The sixth methyl was probably
at 0128, under a larger signal of the isomer); ketal form (2by
81.12, 121,122,128, 1.30, 1 46 (18H, 65, C-Me), 4.53 (1H, s, H-
15), 560 (1H, s, H-17), 6.33 (1H, d, J =1 Hz, f-furan), 7 38 (2H, d,
J =1 Hgz, a-furans), 13C NMR (67 8 MHz, CDCl,) ketone form
(2a) 6154 (9, Me), 164 (g, Me), 18 4 (z, C-11), 20 6 (g, Me), 258
(g, Me), 278 (¢, C-12), 28 4 (g, Me), 32.9 (g, Me), 372 (s, C-13), 38.5
(t, C-6), 469 (d, C-9), 52.4 (s, C-8), 53.4 (d, C-15), 54 2 (s, C-10),
571(d, C-5),654(s,C-14), 729 (s, C-4), 78 1 (5, C-17), 110.0 (4, 8-
furan), 1203 (s, p-furan), 141.2 (d, a-furan), 1430 (d, a-furan),
166 9 (s, C-16), 208.5 (s, C-7), 214 9 (s, C-1); ketal form (2b) 514.8
(@, Me), 16.7 (1, C-11), 19 2 (g, M), 19.6 (g, Me), 23.5 {g, Me), 24 8
(g, Me), 27 8 (¢, C-12), 319 (g, Me), 36 8 (t, C-6), 39.6 (s, C-13),
41.2 (d, C-9), 49 3 (s, C-10), 50 2 (s, C-8), 54.2 (d, C-5), 557 d, C-
15), 69 1 (s, C-14), 78 1 (s, C-17), 79 8 (s, C-4), 105.9 (s, C-1), 110.0
(d, p-furan), 1207 (s, p-furan), 141.2 (d, a-furan), 1430 (d, o-
furan), 1679 (s, C-16), 208.8 (s, C-7)

Synthesis of methyl 1-hydroxyisoobacunoate (4) A soln of 40
mg of 3b [11] 1n 2 ml of Me,CO was cooled to 10° and treated
slowly with Jones’ reagent over a period of 20 mun, until the
orange colour of the reagent persisted. The excess reagent was
destroyed by adding a drop of iso-PrOH and the ppt. removed
by centrifuging. The supernatant was concentrated to 0 5 ml in
vacuum and 2 ml of EtOAc added The soln was washed with 1
ml of H,O and evapd i vacuo The residue (37 mg) was purified
by silica gel CC with CH,Cl,, giving 15 mg of 4, 'THNMR
(270 MHz, CDCl,) 6111, 1.19,1 24, 1 30, 1 32 (15H, 55, C-Me),
374 (3H, s, Me ester), 3.58 (1H, s, H-15), 5.46 (1H, s, OH), 560
(1H, s, H-17), 6.32 (1H, d, J=1 Hz, B-furan), 740 (2H, d, J
=1 Hgz, a-furans), 13C NMR (67 8 MHz, CDCl,): §139 (g, Me),
16 5(t, C-11), 19 3 (¢, Me), 19 4(q, Me), 23.4 (q, Me), 27.3 (¢, C-12),
315(q, Me), 36 5 (t, C-6), 39.6 (s, C-13), 39 8 (1, C-2), 40 7 (d, C-9),
49 8 (s, C-10), 49.8 (5, C-8), 52 0 (s, Me ester), 53 4(d, C-5), 55.7 (d,
C-15), 69.1 (s, C-14), 779 (s, C-17), 80.0 (s, C-4), 104.3 (s, C-1),
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109 8 (4, B-furan), 1204 (s, 8-furan), 141.0(d, o-furan), 1427 (d, ¢~
furan), 1677 (s, C-16), 1727 (s, C-3), 208.4 (s, C-7)

Conversion of 4 to ichangensm. A soln of 5 mg of 4 1n 100 ul of
DMSO was treated with 25 ul of 5M KOH at 37° for 1 hr to
open the D-ring lactone and render the compound H,0-soluble
After addition of 700 zl H,O and 200 ul of 5M KOH the soln
was kept at 25° overnight to hydrolyse the Me ester The soln
was acidified with 3M HCI and the ppt was separated by
centrifuging, washed with H,0, and dned 1n vacuum, giving
4 mg of crude actd This material was dissolved in 0 5 ml EtOAc
and heated at 75° The reaction was followed by TLC with
system (a), after 3 days conversion was complete The product
was identical (TLC, NMR) with the compound solated from
C ichangensis
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