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SHORT COMMUNICATION 

CITRUS CAROTENOIDS-VIII. 

THE ISOLATION OF SEMI+CAROTENONE AND /3-CAROTENONE FROM 
CITRUS RFLATIVEB 

I-hmv YOKOYM and MI- J. WHITE 

Fruit and V-table C&mistry Laboratory,~ Pasadena, California, U.S.A. 

(Recuiwd4 octoh?r 1967) 

Ah&act-Two new naturally occur&j carotenoid ketones have been isolated from the Citrus relatives, 
Murraya exotica Linn. and nipha& tri/olia (Burm. f.) P. Wils. These pigments were &wtually id&i&d 
a.9somi-~~and&carotcllona. 

THa formation of semi-,%carotenone (I) and @arotenone (II) have been reported 2 as partial 
oxidation products of @arotene (HI). These pigments, however, have not heretofore been 
reported as being present in nature. 
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We now report the natural occurrence of the monocyclic diketone (I) and the acyclic 
tetraketone (II) in the fruits of the Citrus relatives, 3 Murtaya exotica Linn. and Triphiu 
trifoliu (Burm. f.) P. Wils. These compounds appear to be responsible for the bright red 
color of these fruits. 

The monocyclic pigment was isolated as a major constituent from the extractives of the 
fruit of M. exotica Linn. The isolated compound possessed a decaenone chromophore 
similar to that observed in the citrus carotenoid citranaxanthin4 and reticulataxamhm5 
The structure of the isolated carotenoid ketone (I) is firmly supported by the visible, i.r., 
NMR, and mass spectra data. The visible spectrum conformed to that of a decaenone 
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FIG. 1. NUCLEAR MAONJIIX RESONAEICE SFwxRuM OF !mlI-j3~Almmom IN CDQ. 

chromophore. Reduction of the isolated pigment with sodium borohydride atforded a 
product which exhibits a hypsochromic shift (cu. 25 run) in its absorption maxima. The 
i.r. spectrum indicated saturated carbonyl (1715 cm-r) and conjugated carbonyl (1660 
cn~-l).~ The NMR qectrum (Pig. 1) included signals at 8.95, 882 (geminal methyls at C-l 
and C-l’), 8.27 (methyl at C-5), 840 (methyls at C-9, C-13, C-9, and C-13’), and 7.89 (methyl 
at C-5’), with the correct relative intensities. No band was observed in the O-346 region 

3 For a discussion of the botanical classitication of the genera Murraya and Triphasia, see W. T. SWINQLE in 
ZRe Citrus Industry (edited by H. H. WEBBIX and L. D. BAT-R), Vol. I. Chapter IV. University of 
California Press, Berkeley (1943). 

4 H. YOKOYAbfA and M. J. WHIT&J. Org. C&m. 30.2481(1%5). 
5 A. L. CURL, A FdSci. 27,527 (1%2); H. YOKOYAMA, M. J. Wmm and C. E. VANDERCOOK, J. Org. Chem. 

30,2482 (1%5). 
6 L. J. w, InfrortdSpccrro of Complex Molecules, 2nd edition. Methuen, London (1958). 
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where aldehydic protons with OL$ un~t~ation exhibit absorption. The mass spectrum 
indicated the proper molecular weight of 568. Elementary analysis was in agreement with 
the molecular formula C4eHr60s. The structure of the compound was proved by synthesis 
from @carotene (III). 

A~ornp~~g the monocyclic ketone (I) in the fruit of the other citrus relative 7’. frifuZ~ 
(Burm. f.) P. Wils. was a small amount of a keto-carotenoid which exhibited a chromophore 
quite similar to that of capsorubin (IV). However, the i.r. spectrum of the present pigment 
exhibited sharp bands at 1715 and 1660 cm-‘, indicating the presence of saturated and 
conjugated carbonyl groups. 6 Furthermore, the isolated pigment did not display the same 
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FIO. 2. Nucuwt MA~WETICZ ltES0N~Nca sp~crau~ OF jkx~ommm IN CDCla. 

TLC behavior with an authentic sampIe of capsorubim. This nonidentity with capsorubin 
was further confIrmed by the NMR spectrum. The latter spectrum (Fig. 2) included signals 
at 8.81 (geminal methyls at C-l and C-i’), 840 (methyls at C-9, C-13, C-9, and C-131, and 
7.88 (methyls at C-5 and C-5’). This, together with other evidences, indicated structure II. 
Its mass spectrum showed the molecular ion at m/e 600 as required. Elementary analysis 
indicated the molecular formula C40H5604. Structure II for the isolated pigment was 
subsequently confirmed by synthesis from @carotene. 

EXPERIMENTAL SECTION 

Melting points were determined in ewxatexi sealed capillary tubes and are uncorrected. 
were mewired with a Car-y Model 14 spcctrophotometer. 

Visible spectra 
1.r. spectra were recorded in ICBr disks on Perkin- 

Elmer Model 521 ~ophot~t~. NMR wen determined on a Varian A-60 spectrometer. m NMR 
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data mfer to deuterochloroform solutions, and chemical shifts am in v values relative to tetramethylailane 
asanintemalstandard. MassJDactralaaalvsiswas~erformedbvW~CoartTechnicalServicts.SanOabrial. 
California. Ekmentary a&& wm by i. M. White. The f&it collections were made in April, 1967, at 
the University of Florida, Subtropical wnt Station, Homestead, Florida. The fruits wem deeply 
red colored. (Reference to a company or product does not imply approval or recommendation of the product 
by the U.S. Department of Agriculture to the exclusion of others that may be suitable.) 

Z&tract&n of Murraya exotica Linn 

The seeds were removed from the fruit and the fleshy portion (peel and endoaup, 800 g) extracted with 
several portions of acetone. The 3 1. of extract was concentrated at reduced pressure to 500 ml. Thecarotcnoid 
mixture was diluted with n-hexane and 90 per ant methanol. The epiphase was submitted to column 
chromatography on magnesium oxideHyflo Supercel(l:2, w/w). The isolated pigment crystallized from 
n-hexane. yielding 52 mg: m.p. 115-l 17”; sintered at 105”; h,., in n-hexane 440 (C x 10-3 82). 467 (c x 10-3 --- 
105), and495 nm(c x 10-3 84); i.r. bands at 1715 (saturated carbonyl) and 1660 (cosjugated carbonyl) cm-l; 
NMR sianals’ at 7.89. 8a. 8.27. 8.82. and 8.95 (relative intensities (1:4:1:2:2): narent ion in the mass 
spectr&at m/e 568. ‘@o&d: C,- 84.3: H. 9.84 p& cent. C+,3H3&2 r&ired: Ci84.45; H, 9.92 per cent; 
M.W. 568.) 

Reduction of the isolated pigment carried out in the usual manner’ with NaBHI afforded the reduced 
product : A,,, in n-hexane, 42Q442.471 nm. 

SemZ-@47rotenone (Z) 2 

To a solution of 02 g of ficarotene (III) in 200 ml of benzene was added slowly and with swirling 100 ml 
ofthechromicacidso1utionpreparedbydiluting6mlofa0-075Nchromicacidto 1OOmlwithglacialaccticacid. 
The reaction mixture was allowed to stand at room temperature. for l-5 hr. Isolation of the partial oxidation 
product by column chromatography on deactivated alumina and crystallization from n-hexane gave the 
diketone (I), yielding 30 mg; m.p. 116117”, sintered at 106”; (lit.2 m.p. 116117”); both samples exhibited 
the same TLC behavior (on silica gel G-Ca (OH*); I\,,,.= in n-hcxane 440 (E x 10-3 82). 447 (c x 10-3 105), 
and 495 nm (c x 10-3 84). The NMR spectrum7 (signals at 7.89,8-00,8-27.8.82 and 8.95; relative intensities 
1:4:1:2:2) is in full accord with structure I. Further proof of identity with natural semi-@carotenone was 
established by i.r. spectroscopy. (Found: C, 84.2; H, 9.78. Calc. for C10HS602: C, 84.45; H, 992 per cent.) 

Extractbn of Triphasia trifolia 

The fruits (300 g) were extracted with sevual portions of acetone and methanol. Th8 4 1. of extract was 
concentrated at reduced pressure to 500 ml. The carotenoid mixture was diluted with ether and phase- 
separation effected by addition of saturated NaCl solution. The epiphaac, dried (MgSO& was stripped of 
ether, and the residue was phase-partitioned between light petroleum and 95 per ctnt methanol. The hypo- 
phase was ChromatograDhed on Woelm neutral alumina, deactivated. Elution with peroxidGfree ether 
&3- @25 per &i methanol isolated the ketone. The pigment was crystallyzed from peroxidefree 
ether-light petroleum, yielding 15 mg: m.p. 175-176”; h m.X in CHCl, 460 sh (c x 10-3 62.4). 490 (c x 10-3 
97.5) and 522 mn (e x 10-3 82.4); i.r. bands at 1715 (saturated aubonyl) and 1660 (conjugated carbonyl) cm-l; 
NMR signal.97 at 7.88,840 and 8.81 (relative in&~&ties 1:2:2; integrated to 30 methyl protons in agreement 
with structure II). (Found: C, 79.8; H, 9.18 per cent; M.W. (m/e) 600. C,,3H3&, required: C. 79.96; H, 
9.39 per cent; M.W. 600.) 

&clzr0tenotu* 

motenone (II, 36 mg, m.p. 175-176”) was synthesi& by the partial oxidation of wtene (400 mg) 
with chromic acid. Reported: m.p. 176-177O.2 (Found: C, 79.8; H, 9.21. Calc. for C&I&~: C, 79.96; 
I-& 9.39 per cent.) 

Comparison with natural sample showed same TLC behavior (on silica gel G-Ca (OH)& and tbcy had 
identical visible, i.r. and NMR spectm. 

Acknowlcllpcmmts-The authors are indebted to Dr. David Dreyer for helpful discussions and toDr. Carl W. 
Campbell of the University of Florida Subtropical Exptrirrsent Station, Homestead, for the fruit collections. 

7 Methyl signals only. 


