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Abstract-Three chalcones and three flavones isolated from the fruit of Merrilha caloxylon (Rutaceae) have been 
charactertsed Two of the flavones and two of the chalcones are related structurally, i e 3’,4’,5,7-tetramethoxy- 
flavone with 2’-hydroxy-3,4,4’,6’-tetramethoxychalcone and 3’,4’,5,5’.7-pentamethoxyflavone wtth 2’,3-dihydroxy- 
4,4’,6’-trtmethoxychalcone A mmor constituent was tentatively charactertzed as S-hydroxy-3’,4’,5’,6,7-penta- 
methoxyflavone and this is accompamed by 2-hydroxy-3,4,4’,5,6’-pentamethoxychalcone and 5-hydroxy-3’,4’,6,7- 
tetramethoxyflavone 

INTRODUCTION 

THE GENUS Merrzllia is a monotypic member of the family Rutaceae and.of rare occurrence 
in Malaysia.’ We obtained quantrties of the fruit of M. caloxylon, which grows near the 
Forest Research Institute, Kepong, Selangor, m order to extend our studies on S.E. Asian 
Rutaceae. The fruit is usually green ripening to yellow with the size and shape of a large 
lemon. Numerous oil glands lie under the thick rind and m cutting the fruit quite large 
amounts (ca. 20% wt) of essential oil is exuded; this oil was not examined. An ethanol sol- 
uble extract of the fresh fruit was prepared and this was partitioned between hexane and 
chloroform. From the chloroform extract three chalcones and three flavones were isolated, 
their structures being assigned through spectral analysis. By chromatographic separation, 
the three most mobile components, 2’-hydroxy-3,4,4’,6’-tetramethoxychalcone (l), 2’-hyd- 
roxy-3,4,4’,5,6’-pentamethoxychalcone (2) and 2’,3-dihydroxy-4,4’,6’-trimethoxychalcone 
(3) were isolated. The less mobile fractions yielded 3’,4’,5,7-tetramethoxyflavone (4) 
3’,4’,5,5’,7-pentamethoxyflavone (5) and 5-hydroxy3’,4’,6,7-tetramethoxyflavone (6). A 
minor component was tentatively identified as 5-hydroxy-3’,4’,5’,6,7-pentamethoxyflavone 
(7). All these compounds are reported for the first time as natural products, and confirma- 
tion of their structures was obtained by comparison with synthetic samples. 

“‘OMiM. “‘eee ;::M.. 

0 Me0 0 on 0 
(l)R=H; R’=Me (4)R=H (~)R=H 
(2) R = OMe;R’= Me ( 5 1 R = Ok ( 7 1 R = OMe 
(3)R= R’=H 

* Part 4 m the series “Rutaceae Constituents.” For Part III see FRASER, A W and LEWIS, J R , (1973) Chem 
C’onnnu~ 1 6 15 

t Some of this work was presented at a Symposium of the Phytochemical Society m Dublin, September 1971 

1 STONE, B C (1972) Tree Flora ofMalaya, (WHITMORE. T C, ed ), Vol I, Longmans, London 
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RESULTS 

TLC separation of the chloroform soluble material gave (l)-(3) with high mobility on 
silica gel. Then UV spectra gave maxima m the ranges 24s2.54 and 365 377 nm shiftmg 
to 253-268; 323-346 and to 406430 nm m the presence of AlCl, indicatmg the presence 
of a chalcone chromophore ’ Their IR spectra showed the presence of a hydroxyl group 
hydrogen bonded to a carbonyl group while the NMR spectra gave valuable structural 
mformation (see Experimental). 

The MS obtained from thcsc chalcones could be mterpreted m terms of cleavage either 
side of the carbonyl group, as had been found m the MS of simple chalcones” and for 
echmatm.4 Thermal isomerisation of chalcones to havanoncs has been reported to occur 
m the mass spectrometer3 5,h and we have observed a series of ions 11~ OLII- spectra which 
would be expected for this type of compound* (see Experimental). The presence of ad- 
ditional ions m the MS suggested an alternative type of chalconc isomcriLation. Accurate 

mass measurement of the ion at m/e 151 obtained from (II) gave C,H, 1O2 and from (III) 
at q/e 181, C,0H,303, both ions could be attributed to the stable benql~tropylium cation 
as indicated m Scheme 1. 

The synthesis of each chalcone was accomplished by pubhshed methods.‘-” 
Further chromatography gave four additional compounds having medium or low mobi- 

hties on sihca gel Two of these compounds were easily purified and identified as 3,4’.5,7- 
tetramethoxyflavone (4) and 3’,4’,5,5’.7-pentamethoxyflavone (5). The NMR spectrum of 
the third component suggested that another compound (with identical chromatographic 
behaviour) was present to CLI. 10% Conversion to their acetates followed by rechromato- 
graphy allowed the major component to be identified as S-hydroxy-3’,4’.6,7-tetramethoxy- 
flavone (6); the minor component had an NMR spectrum consistent with that attributed 
to 5-hydroxy-3’.4’.S’.6,7-pentamethoxyflavone (7) ” 

The co-isolation of chalcones with the related flavones gives additional evidence to the 
proposal by Wang,‘” that chalcones are direct precursors of flavones rather than by their 
conversion to Havanones followed by oxidation We were unable to detect any flavanones 
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in our extract and we also found great difficulty m converting our chalcones to the corre- 
sponding flavanones, although simple chalcones appear to isomerise easily.“*” 

Mass spectral mvestlgatlon of our chalcones confirmed previous observatlons,3,5,h that 
chalcone breakdown or isomerism to the flavanone followed by fragmentation, gives rise 
to most of the ions which appeared in the MS. The appearance of an additional intense 
ion m each chalcone spectrum was shown, by accurate mass measurement, to correspond 
to a benzyllc (or tropylium) ion which we consider to be derived from ring B of the chal- 
cone and its P-carbon atom (Scheme 1). The known stability associated with this type of 
ion could account for the intensity deserved and suggested that isomerization to a cou- 
maran-3-one was taking place. 

The mass spectral lsomerlsatlon of chalcones to coumaran-3-ones has been briefly com- 
mented upon by Schemmann et al. m their investigation of the constituents of Garcinia 
buchanan~‘~ and others,14 but it has not been previously suggested as a major pathway 
since the simple 2-hydroxychalcones previously studied m detail gave rise to low mtensity 
benzyllc ions by an alternative pathway (see Refs 3 and 6). The presence of methoxy or 
hydroxy substitution on rmg B would appear to assist this type of lsomerizatlon and thus 
lead to the relatively high intensities observed for these ions. 

EXPERIMENTAL 

ExtractIon and ptmjcat~on of jiauonmd constituents Fresh fruit of M caloxylon (65 kg) was sliced and 
extracted v&h EtOH (3 1) at R, for 3 days Evaporation of the solvent left a residue (216 g) which was treated 
successively with C,H,,, CHC13, EtOAc and EtOH m a Soxhlet The CHCl, soluble material showed three 
groups of compound on TLC exammatlon (slhca gel; EtOH/CHCl,, 1 99) The fastest moving group was separ- 
ated mto its three mdividual components by preparative TLC using multlpfe development m slhca gel with 
EtOH/CHC13 (1 99) to give (1) wluch crystalhzed from acetone/C,H,, as yellow prisms m.p 151~153” Usmg 
CHC13/C,H1, (4 1) (2) was purified to give orange needles m p 176-178” while multiple development using 
C,H,/EtOAc (4 1) gave (3) crystalhzmg as orange needles m p 163-165’ The components with mtermedlate 
mobility were rechromatographed on slhca gel (TLC) using EtOH-CHCI, (1 99) and compounds (5) and (6) lso- 
lated; (5) crystallized from C,H,-petrol (b p 6&80”) as colourless prisms, m p 176-178” while (6) gave colourless 
prisms from CHC13 m.p 190-192” (5) was found to be more easily purified by TLC on alumma using petrol 
(b p 6@8O”tCHCl, (100 O-3.1) The more polar and least mobile mixture from the original TLC was rechroma- 
tographed on an alumina column using CHCI, as eluant to give a crude sample of (4) Further purn?cation by 
TLC on alumina, using petrol (b p 60_80”)/CHCl, m increasing ratlo, gave pure (4). crystalhzmg from CHCI, 
as colourless prisms mp 190-192” 

2’-Hydroxy-3,4,4’,6’-tetramethovychalcone (1) was obtamed m 0 0006% yield I,,, (EtOH) 252 sh, 326 sh and 
376 nm (MeOH + AIC13) 265, 346 sh and 423 nm v,,,,~ (KBr) 3420 (OH) and 1625 cm-’ (GO) 6 (CDC13) 3 82 
(3 H, s, OMe), 3 91 (9 H, s, 3 x OMe), 5.95 and 6 IO (I H, d, J 3 Hz, H-3’ and H-S), 6 88 (1 H, d, .I 9 Hz, H-5). 
7 12 (1 H, d, J 2Hz, H-2), 7 19 (1 H, dd, / 9 and 2Hz, H-6), 775 (2 H, s, H, and Hp), and 1434 (1 H, s, OH) 
Irradiation at 6 5 95 collapsed the signal at 6 6 10 as it did at 6 6.88 for 6 7 19 MS showed the followmg peaks 
[parent Ion 344 (50), base peak 151 (IOO)] correspondmg to a chalcone fragmentation, peaks were obtained at 
343 (42), 329 (3), 191 (X), 181 (21). 163 (8), 137 (9) and to flavanone fragmentation 327 (S), 207 (29), 180 (7), 164 
(58), 137 (9) The coumaranone intermediate gave rise to peaks at 193 (3) and 151 (100) For the ion m/e 151. 
Found 151 0756 C,H, ,O, requires 151 0758 The synthetic chalcone’ had similar physical and spectral proper- 
ties 

2’-Hq’drol~-3,4,4’,5,6’-pentanlrthouycha~c~~l~ (2) obtamed m 0 0003% yield was crystallized from C,H, and had 
A,,, (MeOH) 245 sh and 366 nm, (MeOH + AIC13) 257,339 sh. and 408 nm, v,,, (KBr) 3400 (OH) and 1640 cm-’ 
(CO) 6 (CDCl,) 3 84 (3 H, s, OMe), 3 90 (12H, s, 4 x OMe), 5 98 and 6 12 (each I H, d, J 3 Hz, H-3’ and -5’), 
6 84 (2 H, 7, H-2 and -6). 7 74 and 7 76 (each 1 H, s, H-a and -/I) and 14 26 (1 H. s OH) MS [parent mn 374 (50). 
base peak 181 (loo)], with Ions emanatmg from a chalcone fragmentation at 373 (15), 343 (7), 331 (12), 179 (18), 
and from a flavanone fragmentation at 357 (2), 207 (14), 194 (18) and 167 (2) The coumaranone mtermediate 

I1 PELTER, A, BRADSHAW, J and WARREN, R F (1971) Phytochemistry 10, 835 
I2 VERZELE M , STOCK, J, FONTIJN, F and AUTEUNIS, M (1957) Bull Sot Chm Beiges 66,452 
I3 JACKSON: B, LOCKSLEY, H D, SCHEINMANN, F and WOLSTENHOLM, W A (1967) Tetrahedron Letters, 3049 
I4 AUDIER, H (1966) Bull Chew Sot France 39, 538 
I3 GEISMANN, T A (1958) Austrahan J Chem 11, 376 
I4 MATSUKAWA, S, KOTAKE, H and YAMAGUCHI, M (1963) Nippon Kaqaku Zassht 84, 359 
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gave rise to peaks at 193 (11) and 18 I * ( 100) The synthetic chalcone’ had sImllar physIca and spectral character- 
IstIcs 

2’.3-Dlh~dro\-~-4,4’.6’-rrrr,1rthou~cha((or1c~ (3) wds Isolated in 0 OOOZP,, yield with A,,,, (MeOH) 254 sh and 
377 nm. (MeOH + AICI,) 26X. 344 slz and 430 nm. \I,,,,~ (KBr) 3360 (OH) and 1625 cm-j (C=O), 6 (CDCI,) 3 X4 
(3 H, 5, OMe), 3 92 (3 H, s, OMe), 3 96 (3 H. s, OMe). 5 90 (broad OH). 5 9X and 6 13 (each 1 H, d, J 3 Hz, H-3’ 
and 5’), 6 95 (I H, d. J 8 Hz, H-5), 7 IO (I H, d. J 7 Hr. H-2), 7 23 (I H, dd, J 8 and 2 Hz, H-6). 7 66 (2 H, S. Hr 
and /I’) and 1438 (I H. 5, OH) MS [parent ton 130 (96) and babe peak 329 (IOO)]. correspondmg to chalcone 
fragmentation at 329 (100). 315 (7), 314 (10). 303 (16). 177 (IO). IX1 (96). 150 (45). 121 (5) and to flavanone frag- 
mentatlon at 3 Ii (22). 207 (73) Ii30 (19). 150 (45). 123 (5) The coumaranone fragmentation corresponded to peaks 
at 191 (7) and 137+ (44) The s>nthetlc chalconc” was ldentlcal m all respects ulth th‘it Isolated herem 

3’.4’,5.7-7i,~rrr/1t~lho\~~Jbr[o/r~ (4) *as purified ‘ts dcscrtbcd (OOZ”,, vleld) and sholccd in,,, (MeOH) 244. 267 ~$/I, 
dnd 33X nm, no change on ddditlon of.AICI, or NaOMc I’,“.~, (KE&) 1655 cm ’ (C=di”‘h (CDCI,) 3 95 (12H, 
.s, 4 x OMe). 6 35 (1 H. tl. J 2 HL. H-6). 6 54 i 1 H rl J 2 Hz H-8). 6 5X t 1 H s 

(I G, dd. J S 
H-3). 6 95 I 1 H. d .I 8 H. H-5 1. 

7 30 (I H, d, J 2 Hz, H-2’) dnd 7 44 and 2 Hr, H-6’) Ir;adlatlon at 0 7 30 colldps;d the \Ignal centreh 
at 6 7 44 to a doublet J XHr and wee bersa MS [parent ion 342 (IOO)] 331 (551. 325 (10) 11.7 (77). 312 (13). 
31 I (13), 297 (IO). 296 (29), 85 (15) X3 (24) /?I* 3400 (3244?41). 308 8 (342--,32X) <+nd 286 5 (342-313) The 
synthetic compound wds ldcntlcal m all respects ” 

3’.4 ,~s.7-Pr/1fu/rletiln*~‘flu1’011~~ (5) WdS obtdmed pure (0 UO1 y,, jlcld) as indicated prcvlously and gave j.,,,,, 
(MeOH) 237.267 and 328 nm. no change with NaOMc or AICI, v,,,, (KBr) 1645cm-’ (C=O). 6 (CDCI,) 392 
(6 H, 5, 2 x OMe). 3 94 (9 H, s. 3 x OMe). 6 3X (I H. d. J 2 Hz. H-6). 6 S6 ( I H. il. J 2 Hz, H-X). 6 72 (I H. s. H-3) 
and 707 (2H. s. H-2’ dnd 6’) MS [parent Ion at 372 (loo)], 371 (63) 355 (13) 343 (31), .342 (18). .341 (21) 327 
(191326133) in* 3700~372~?71).?1~,3(372~343)nnd3126li41 - 312) Its rdcntlt\ \bL,is confilmed b\ com- 
pdrlson alth a sample prepared bq the method described by Matsukdwa “I ;I I4 

5-If,dt o~p3’ ~,6.7-il~rlurnuti~7)-\ ~~irrror~e (6j *ah otiamcd~ as d crude sdrrqrie irum- TLC (0 %ii 2”,, ylrid), I( was- 
acetylated 41th Ac20,p’, dt R, to give d mlxed acetate which crystalhzed from CH(‘I, C,,H,, to give pure 5- 
acetoxy-3’.4’.6,7-tetramethoxyflavone as prisms m p 159~~161 I’,,,,, (KBr) 1765 dnd 163Ocm ’ (C=O) h (CDCI,) 

the double doublet which was formally centred at b 6 9X Hqdrolysls (dilute meihanohc NaOH for 3 hr at I&IX) 
followed by acldlficdtlon gave the llavone (6) which crystdlllsed from C,H,,-~petrol (60 X0 ) ds yellow prisms m p 
190 194 It showed slmllar spectral chdracterlstlcs to that described m the hterature’- and hdd MS [parent Ion 
35X (loo,]. 357 (40). 345 (13, 344 (21) 343 (X2), 324 (13). 341 (15). 329 (24), 32X (10). 315 (25). 312 (261 381 (IX), 
163 (19). 153 (40). 64, (14). ))I* 302 3 (35X- 329). 2X93 (343-315). and 271 9(?58’?121 

5-H~rlrox?.-3’,4’.5’.6,7-pe/1tu,na/l1o\)’j/avorle (7) was tentatlvclq ldcntrfied bj compdrl\on of the MS . Impurity” 
peaks obtamed from the orlgm‘il snmple of (6) These ions were associated with + 30 umts I c -OCH,- dt ~TI,‘P 
[parent ion at 38X (32)]. 3X7 (7) 374 (X). 373 (30). 371 (2), 360 (6). 327 (13) 3 13 (lo). 299 (6), 297 (3) 285 (3). 2X2 

(IO) The NMR spectrum (CDCI,) ofthc mixture contamlng mamly 6 together ulth some 7 showed the followmg 
peaks 3 93 (s. OMe), 3 97 (5 OMe), 6 55 is. H-3), 659 (\. H--X), 6 Y7 (f/, .I x tll_ H,j’i 7 09 (& 7 14 (d .! 2 .&. 
H-Z), 7 53 (dd. J X and 2 Hz, H-6 ). 17 66 0. OH), and 12 71 (5 OH) of these peaks the small doublet at ri 7 09 
could be ‘issigned to the meld coupled protons H-2’,’ H-6’ rcf (5) <It fi 7 07 (d)l thus lavour me structure (7) for 
the .~mpur@~orlgmallj present in Sample (6) 

4c~,iowlrri~c,r~c,Itc --WC wish to acknowledge the award of d Carnegie Studentship (A W F ). n grant lrom the 
Cancer Research Campaign and the assistance of Mr M Kochumen (Forest Reyedrch Institute. hkildysia) and 
Dr B C Stone (Umverslty 01” Maldysla) for the collectIon of plant material 

* Accurate mass measurement gave IX I OX64 correspondmg to C,oH, 30, 
t ACCUI~I~L rna\~ me,~su~rmcnt gave Ii7 Oh02 corre\pondlng to <‘,H,,O, 

” BAK\A A K. CE~AKRABARTI, P and SAYYAL, P K (1969) J lnd Chn SK 46, 271 


