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Abstrwt- The heartwood of Calophyllum scr~hlirrjoltum Henderson and Wyatt-Smith IS shown IO contam 

three new structurally related xanlhona These are 6_(4-hydroxy-3-methylbutanyl)l,Sd~hydroxyxanthonc, 

6-~4-hydroxy-3-methylhur-2-cnyl)l.5d~hydroxyxan~honc and 6(3.3~d~methylallyl)1.5-dlhydroxyxanrhonc 

IK PARTS V2 and VII’ of this senes we reported that a substance designated CS-I 
occurred together with scriblitifolic acid (I) in the heartwood of Calophylhm scrihliti- 
@lium Henderson and Wyatt-Smith. Although CS-1 appeared to be a single substance 
from its melting properties and its resistance to chromatographic separation, it is 
shown now to be a mixture, in approximately equal parts, of the alcohols (IIa and 
Illa). 

Ita: R n R’ = R” = H tlla: R = R’ z. R” _ H 

Ilb: R = Me. R’ = R” - H Illb: R = MC. R’ -. R” = H 

Itc: R = R’ = Me. R” L I! ltlc E = R’ = Me. R” .- II 

ttd R = R’ - H. R” -. MeCO lttd R -- R’ = H. R” -. McCO 

The mass spectrum of CS-1 (Fig 1) showed a molecular ion at m/e 314 followed by a 
substantial peak at m/e 312. Corresponding dual fragment peaks were observed in 
the high mass region of the spectrum at m/e 296 and 294. and at 281 and 279. The best 
explanation for the appearance of these fragments seemed to be that CS-1 was a 
mixture of two similarly constituted compounds of mol wt 314 and 312, accurate 

3059 



3060 B. JANSON. H. D. LOCKSLFY and F. SCNCI~MANH. 

FIG. I Ma.sx Spectrum of CS-I (Ha and Illa) recorded on an A.E.I. MS9 doubk focuung 

spectrometer at 70 eV. 
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mass measurements showing them to have molecular formulae, C,8H,,,0, (Ila) and 
C,,H,,O, (Illa), and suggesting that the former might be the dihydro derivative of 
the latter. Roth formulae were consistent with the results of the elemental analyses 
obtained earlier. 

The structural elucidation of scriblitifolic acid (I) and the availability of several 
synthetic analogues’ helped us to reinterpret earlier experimental work on CS-1. 
Since the UV spectra of CS-1 (Ila and IIIa) and scriblitifolic acid (I) (Table 1) were 
nearly identical, CS-1 could be recognized as a mixture of xanthones with the nuclear 
oxygenation pattern of scriblitifolic acid (I). 

Methylation of CS-1 with diazomethane gave a mixture, shown by mass spectro- 
metry to consist of the monomethyl ethers (IIb and IIIb). Methylation with dimethyl 
sulphate likewise gave a mixture of the dimethyl ethers (11~ and 111~). The UV spectra 
(Table 1) of these mixtures of ethers were consistent with the structures assigned to 
them and the IR spectra showed the xanthone CO group at 1650 in the mono- and 
at 1655 cm- ’ in the dimethyl ethers. Even in the dimethyl ethers there was absorption 
in the region of 3300 cm- ’ suggesting that a residual unmethylated OH function had 
alcoholic rather than phenolic character. 

In confirmation of these results, hydrogenation of the mixture of monomethyl 
ethers (IIb and IIIb) gave the single compound of structure Ilb, the mass spectrum of 
which agreed exactly with the appropriate set of peaks from the mixture. 

An analysis of the principal fragment ions appearing in the mass spectrum of the 
saturated alcohol Ilb appears in Scheme 1, together with details of me&table peaks 
which confirm several of the steps. 

Me Ila: R = R’ = H m/r 314 

Ilb: R = Me, R’ - H m: 

I Ilc: R = R’= MemicW2 

:: m/r24 :. mir24i 

h : rni, 268 b: m/c 25s 

c: m:r 282 c: m/r269 

4 
Ar 

\ 

a. m:c2% 

b: m/e310 

C: m/e 324 

1 
l . 

1’ 
Ar 

a: m/cZgI J 

b: m;e2% 

c: m/c309 

SCH?ME I. The mas spccwal fragmentatton of sa~~nwd alcohol (Ilb). and those for rhc (Ila), (lib) and 

(Ilc) componenrs. rapcctively. tn CSI and IIS ether dmvrriva. 

Metastable peaks: 

Fragmcmauon of (Ilb): Step A. Found, 292.8. cakulated. 293.0 

Srep C: Found, 198.5. cakulrtai. 198.2 

Slep D: Found, 219.0. cakularcd. 219.0 

Fragmcntatlon of (Ilc): Step A: Found. 306.8. cakulawd. 3069 
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In the NMR spectrum of the saturated alcohol Ilb (Table 2) signals corresponding 
to 5 aromatic protons were observed, whose mode of coupling divided them into 
two groups. The lowest field resonance at 2G6 r, which must be assigned to the highly 
deshielded proton at the C-8 position. was orfhocoupled to its C-7 neighbour 
(J = 8.5 c/s) at 2.83 I (J = 8.5 c/s) in ring A. The three remaining protons appeared 
at higher fields as two sets of ortho- and mera-split quartets correspondmg to protons 
at C-2 (3.22 I, J = 8.5 and 1.5 c/s) and C-4 (303 r. J = 8.5 and 1.5 cis) leaving a 
symmetrically coupled triplet (J = 8.5 c/s) at 2.43 r due to the C-3 proton. This set 
of protons can be located only in ring B. The C-l hydrogen bonded OH group 
appeared at - 2.62 r and the OMe group, attached at C-5 according to UV spectral 
evidence, appeared as a singlet at 5.98 T. This pattern of signals corresponds well with 
those found for scriblitifolic acid (I) (Table 2)’ 

The remaining signals in the NMR spectrum of the alcohol IIb belong to the side 
chain IV, whose point of attachment to the xanthone nucleus can only be at C-6. 
The side chain Me group at C-3’ appeared as a doublet at 8.97 r (J = 6 c/s). A triplet 
at 7.18 I, showing slight long range coupling (J = 74 and 20 c/s), was assigned to 
the C-l’ methylene group. The central C-2’ methylene group produced a complex 
signal with its centre at 8.30 T. and the more deshielded C-4’ methylene group appeared 
as a doublet at 6.45 T (J = 6 c/s). A signal at 840 r, which disappeared on addition of 
deuterium oxide, was assigned to the C-4’ OH group. 

We next compared the NMR and mass spectra obtained for the mixture IIb and 
lllb with the data for the saturated alcohol IIb. In both spectra the additional peaks 
produced by the second component were readily rationalized: they indicated that the 
unsaturated alcohol IIIb was present. Taking into consideration that the over- 
lapping NMR signals of the aromatic protons must come from borh components, 
the integrated areas for each set of side chain protons were consistent with an approxi- 
mate 1: 1 ratio of the two alcohols (IIb and IIIb). For the reason of the insolubility 
of CS-1 (IIa and IIIa) in common solvents, its NMR spectrum itself was not studied, 
but it is likely that the component xanthones are present in a similar ratio. 

Detailed analysis of the NMR spectral data (Table 2) clearly indicates that the 
olefinic bond in components lllb and 111~ of the mixed mono- and dimethyl ethers 
is between the C-2’ and C-3’ carbon atoms as indicated in the partial formula V. 

Thus in the NMR spectrum of the mixed monomethyl ethers, IIb and IIIb, (Fig 2) 
the signals attributed to the side chain V appeared as follows. The Me group attached 
at C-3’ was seen as a slightly broadened singlet at 8.19 r. the benzylic C-l’ methylene 
group as a doublet at 646 T (J = 60 c/s), and the C-2’ methine proton as a triplet at 
4.42 z (J = 80 c/s). The heavily deshielded C-4’ methylene group appeared as a singlet 
superimposed upon the C-5 OMe group signal at 599 T. This pattern of signals can 
only be rationalized on the basis of the side chain structure V : alternative sitings of 
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I 
- 

-aa----~---7+~-‘~ __-__ . . . _A _ ,’ -A *----n----T-~-- -- 

FIG. 2 Proton magnct~c resonance spectrum of monomcthyl etha of CS-I (Ilb and Illb) tn 

CDCI, ( + D,O) at 60 MC/S using TMS as internal standard (sweep wdth 500 c/see) (sweep 

ollsct showed signal at - 2.58 T due H bonded OH). 

the double bond would need to show inter alia either one or four sets of methylene 
protons instead of the two which are observed. 

Unfortunately, because suitable model compounds were lacking it was not possible 
to define the stereochemistry of the double bond substituents. 

The resonance signals seen in the spectrum of the mixed dimethyl ethers IIc and 
111~ (Table 2) provide further support for the conclusions reached above. 

Exclusion of the mass spectral lines already attributed to the fragmentation of the 
saturated alcohol Ilb (Scheme 1) leaves, in the spearum of the mixed ethers IIb and 
IIIb, three major peaks at m/e 326,308 and 293, which can be seen (Scheme 2) to arise 
logically from the fragmentation of the unsaturated component IIIb. The intense 
peak at m/e 255 is probably a fragment ion formed from either component Ilb and 
Illb, and from this point onwards fragmentation of the xanthone nucleus occurs. 
The mass spectrum of CS-1 itself (Ila and Illa) (Fig. 1) and that for the derived 
mixture of dimethyl ethers (IIc and 111~) both contain major peaks which can be 
rationalized in an exactly analogous manner (Schemes 1 and 2) to indicate the presence 
of xanthones with the side chains IV and V. The appearance of metastable peaks in 
these spectra again corroborated several of the fragmentations indicated, and in the 
case of CS- 1, the major fragment ions were mass measured to confirm their molecular 
formulae. 

An early attempt to record the NMR spectrum of Cs-1 in trifluoroacetic acid+ 
produced a spectrum which was seen to change rapidly with time, making any 
interpretation difficult. In order to simulate these highly acidic conditions, CS-I 
(IIa and IIla) was heated in acetic acid containing a catalytic quantity of sulphuric 
acid. Only the alcoholic groups were esterified giving the mixture of monoacetates 
(IId and IlId). The mass spectrum exhibited two molecular ions for the constituents 

l WC ihank Dr J. K. ~con~ll antj Mr. P Hampwn of I.C I. Ltd.. I)~er~uffs Dlvlston. Hlacklc~. 

Manchester. for rhlr rcsuh 
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‘I Illb: R 2 MC. R’ = Ii m.r 326 
MC Illc. R = R’ 1 Mcm uW0 

a: m:e241 

b m’c255 

c m’e269 

c: mr322 

a: m’e279 

h m c 293 

c. m ‘Y 307 

Srwxwr: 2. The mass spwtral I’ragmenlatwn of unwurawd alcohol componcnrs (Illa). (Illb) and (Illc) 

m (S-l and IIS clher dcrlvatrvss 

Mcrastablc peaks: 

f:ragmcnrauon of (Illa). S~cp (A): Found. 277 0. calculalcd. 277-l 

S~cp (B): Found. 2645. culculatcd. 264 8 

i,ragmcntatwn of (111~): S~cp (H): Found. 292 5. cslcula~ed. 292 6 

at m/e 356 and 354, each of which gave an ion at (M-60)’ corresponding to the loss 
of acetic acid. This loss is typical of alkyl rather aryl acetates3 and confirms the point 
of esterification. Furthermore, the UV spectrum of the monoacetates was similar to 
that of CS-I itself, (Table I) thus proving that the double bond in IIId had not moved 
into conjugation with the aromatic ring The signals in the NMR spectrum of the 
mixture of monoacetates (Ild and IIId) were also in accord with acetylation of the 
side chain hydroxyls (Table 2). 

The isolation of CS-I (IIa and IIIa) and our earlier isolation of scriblitifolic acid 
(I)’ stimulated our search for their possible biogenetic precursor, 6-(3,3dimethyl- 
allyl)l,5dihydroxyxanthone (VI). This was found in small quantity in the mother 
liquors from CS-1 and, from its UV spectrum, the metabolite VI was recognized as a 
6-alkyl-1.5dihydroxyxanthone (Table 1)‘. In agreement the IR spectrum possessed 
OH and xanthone CO bands at 3300 and 1610 cm-‘, respectively. In the mass 
spectrum, the molecular ion at m/e 2% was mass measured and corresponded to 
C,,H ,h04r the fragmentation being consistent with the breakdown of a 3,3dimethyl- 

ally1 side chain (loss of [z:>WH]‘)* which suggested the partial formula 



Exrracuvcs from guttlferae -VIII 3067 

C,JH,O, * C,HP. The NMR spectrum, with signals at 4.61 T (lH, triplet, J = 80 
c/s), 6.49 T (2H, doublet, J = 84 c/s) and 8.27 T (6H, broad singlet), confirmed the 
presence of the 3,3dimethylallyl group,** ’ and the other signals were consisteni with 
the presence of the 6-alkyl-1.5dihydroxyxanthone nucleus (Table 2). 

Earlier, we suggested’ that scriblitifolic acid (I) could bt produced in the plant by 
oxidation of the side chain of some dimethylallylxanthone derivative similar to VI. 
The isolation of this metabolite (VI) and the mixture of alcohols (Ha and IIla) from 
the same heartwood supports this idea. Our other work on the Guttiferae heartwood 
constituents** ‘*e6 tends to indicate that the dimethylallyl side chain itself is intro- 
duced into a preformed hydroxylated xanthone nucleus, and we would expect this 
nucleus to arise from oxidative ring closure ofa suitabk hydroxylated benzophenone”* 
as in model experiments.’ As yet, however, we have been unable to isolate any 
benzophenones from the heartwood of C. sctihlitifolium Henderson and Wyatt-Smith. 

EXPERIMENTAL 

Microanalyses were by Drs Wcikr and Strauss, Oxford. CV spectra (in &OH) wcrc mcasurai on the 

Optika Spcctrophotomcta (No. CF 4 DRN IA) or the Unicam SPBOO. IR spectra. m Nujol unless otherwise 

stated. wcm measured on ti Perkin-Elmer lnfracord 137. arni NMR spectra were measured on the Varian 

HR 100. HA l@J 01 A 60 instruments Mass spaztra were rccordcd on an A.E.1, MS 9 doubk Imusing 

spectrometer a1 70 cV. AnalytmI TLC, was on silica gci G by Stahl (Merck) and prcparatlvc TLC, on 

silica gel HF254 (Merck) unkss otherwise stared. 

Exrrocrion c#Calophyllum scribhc,folium Henderson Md Wyarr-Smrrh 

A scctlon of rhc heartwood of C’olophyllum rcrtblutjolwn Henderson and Wyatt-Smtth (HerbarIum 

numbers S I7580 and S 16170, Oilicc of the Conservator of Forests. Kuching Sarawak. Malaysra) was 

colkctal from the Sctapok Forest Reserve. The wood was convertad into powder (I.5 Kg) in an Apex 

cu~tcr mill and then extrac~al with hot CHCl, in a Soxhlet apparatus for 5 days. 

Isdafion o/G-I. Ila oad llla 

The dark brown solid (2M) e) rcmaming after evaporation of the solvent from the above extract was 
dissolved in EtOAc and extracted wilh cold 4N NaOH. Neutralization of the alkaline extract with dil 

HCI gave a dark brown solid whtch was collcctai. After trituration with CHCI,. the uodissolvcd sold 

(IO g) was crystalhzed from Me011 IO gtvc crude (‘S-1, Crude CS- I was dtuolvcd m the mmlmum amount of 

EtOAc and chromatograpbed cm a column of silica gci (500 g) made up with CHCI,. The cluatc (IiiOAc 

CHCl,, 3.20) was collcctal and evaporated IO dryneu. lcavmg a &due. which when crystalhzcd from 

MeOIl and finally acetone. gave CS-I (a mixture of Ila and Illa). pale yellow plates (I.5 g), m.p. 219 222 , 
R, 05 (In EtOAc CHCI,. 2:3), v_ 3300 (OH) and 1650 cm ’ (xanthonc c--O). (Found : C. 68.4; H. 5 5; 

M. 314 11546 and 3120997 (mass spcctrometry) C,,H,,O, rqulra:’ C. 68%; H. 58. M. 314.11541 

C,,H,,O, rcqulres ” <‘, 69 2; H. 5 F,. M. 312OP9RI 

(a) l4’irh dwomerhane. CS-I (Ial mg) was dissolvai in EtOAc (SO ml) IO which was addad an excess d 

ethereal dtimethane. % reaction mrxturc wm left overnIght at 0”. after which removal of the solvent 
furnishad a yellow solid (95 mg). Further purification by preparative TLC. gave CS-I moeomerhyl crlvr 
(a mixture of Ilb and Illb) as pale yellow needlea (SO ma) m.p. 8%99“ from bght petrokum (b.p. 60-80”). 

R, 05 (in EtOAcCHCl,. I : I). v, 3300 (OH) and 1650 cm ’ (xanthonc C=O). (Found: M. 328 and 

326 (mass spcctrometry). C,,H,,O, requlrcs. M. 328. C,,H,,O, rqulra: M. 326). 
(b) With dimethyl ~Iphofe. Csl (Ila and llla) (200 mg) was heated under rcflux with Me,SO, (2.6 mll. 

K&O, (IQ a) and aatone (100 ml) for 4 hr. The suspension was filtered off. and the cruk product ohtaincd 
from the filtrate by evaporation. was purified using preparative TLC (aluminium ox& H, Merck), R, 06 
(in EtOAcaCl,. 7 : 31 This product crystallized from CCl, gave CS-I dimcrhyl ahcr (a mixture of Ilc 

and Illc).colourlus ncedks(SOmmg), m.p. lO&lO3’, Y_ 33OO(OH)and 16SScm-‘(xanthoneCO).(Found: 
C.700;H,~2;M.W2and~(manspcaromctry).C H 0 roquira:C,702.t1.~5;M.342 C H 0 20 11 , 10 10 5 
rcqulres : C. 706. H. S!?, M. 340). 
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Reduction of CS-1 monomethyl ether 

CS-I monowthyl &a (20 mg) was dissolved in bcnz.ene (30 ml) and agitated under H, in tbc presence 
of Rancy Ni for I hr. The carnlyst was collected and tbc filtrate evaporated. kaw a rutduz which crystal- 
l&d from lighr pctrokum (b.p. 60 80’) CCI, in pak yellow ncedlca (8 mg) IO g~vc &(4-hydroxy3-methy/- 

hulany~l-hydroxy-S-nulhoxy~fhoru (Ilb). m.p. lO>lOS’. v_ 3300 (OH). and IdsO cm-’ (xanthone 

C-a). (Found: M, 328 (mass spcctrometry). C,PH,,O, requires: M. 328b There was no s~gnifkant pk 

in the mass spectrum at m/e 326. 

Monoarery/afion 4 CS- 1 
CS- I (Ha and Illa) (100 mg) m A&H f 10 ml) contaming HJSO, (4 drops) was heated under rcflux for IS 

min. aha which the reaction mixture was poured into water. The pp~ was extractad mto EtOAc and the 
extract washed with NaHCO,aq. t&n with water. and finally dried over MgSO,. The sold obtained on 
evaporation of the solvent was purihal by preparative TLC. R, DS (in EtOAc CHCI,, I : 1). IO give CS-1 
moaoorcrare (amixturcoflldand Illd)asycllow naaika(2Sm8l,m.p. 194 1% fromCHCl, Jigh~pctrokum 
(b.p. 60-8@ ). vu 33OO(OHI. 173O(a1cr C=O)and 1650cm ’ (xanthoncC=O).(Found: C. 67.7; H. 5.4: 
M. 3% and 354 (mass spcctromctry).C,,H,,O~ requires: C. 67.4; H, S,P,; M, 3%. C,,H,.O, requires: 
C, 67.8; H. 5.1”,; M. 354). 

Isolatton o/6(3,3dinurhyl~lyBl.~~ydroxyx4nrhoru (VI) 
From several combinal extracts d Colophyllum scribbrijoolium Hcrukrson and Wyatt-Smith, the ma~crial 

of higbcr R, value than CS-I (Ha and Illa) was accumulated from the column chromatography of crude 
CS- 1. PunJicatum of the h&a R, material using prcparattve TLC. gave a yellow solid, R, 085 (in bcnzznc 

CHCI,, 1 :4) which crystallized from CCI, in pale yellow plaks (20 mg) ginng 6_0.3diwwthykallybl,~ 
drhydroxyxanrhonr (VI). m.p. 212-214’. v, 3300, (OH) and 1650 cm-’ (xanrhone C 0). (Found: M. 
296~1041 (mass spcctromctry). C,,H,,O, requires.’ M. 2% 1049) 
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llnivcrsity of Liverpool ts thanked for hts assistana m tbc prcpation of thu manuscript We thank The 
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