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An earlier communication in this series (2) described the isolation of a material, inophyl- 

loidic acid, C32H4S06, from the bark resins of Calophyllum inophyllum :.. (Guttiferae). this and 

the closely related brasiliensic acids from <. brasiliense were shown to have the same basic ---- 

structure, 1. It was suggested that the sidechains were double bond isomers of the common prenyl 

and Reravl systems, being s in inophylloidic acid and & in brasiliensic acid. Further studies 

on inophylloidic acid have now shown that it is in fact a complex mixture of isomers, differing in 

the nature of the C 1o sldechain and in the direction of cyclization of the heterocyclic ring. 

Careful preparative TLC of C. inophyllum resin on Rrinkman silica gel HR yielded two fractions, 

both C32H4606, which differ in their ultraviolet spectra and fluorescent properties. The major and 

more mobile (A) corresponded chromatographically and spectrally to the earlier samples of "inophyl- 

loidic acid" and to brasiliensic acid. Further chromatography of fraction A on silica gel HR con- 

taining 3% A@703 yielded two bands, of which the slower moving was pure (compound A3) while-the 

faater yielded a pure material (Al) from its leading edge and a mixture of Al and A2 from its tail. 

All these products were isomeric and showed the spectral properties described previously. Like 

the earlier mixtures , all the acids were non-crystalline, but their homogeneity (except in a 

stereochemical sense) was indicated by TLC, by improved NNR spectral detail and integrations, and 

particularly by the formation of single, unique degradation products. 

Hydrogenation over Pt was accompanied by hydrogenolysis of a C5 chain (isolated as isopentane) 

and led to perhydrolactones (&), C27H4005 (2) from A2 and A3, and C2,H3g05 (2) from Al. Oxida- 

tion of the A2fA3 products with aqueous HNO3 and GLC analysis of the steam-volatile acids on Reo- 

plex 400 + 1% H3P04 (3) showed C.,l 22 2 H 0 and C10~12002 as the major degradation products. These 

differed, however, from 4,8-dimethylnonanoic acid and tetrahydrogeranic acid. both in retention 
* 

times and in mass spectra. The absence of a C9 acid, a major product from the similar oxidation 

of authentic tetrahydrogeranyl sidechains. sup.gested a branch point R to the aromatic system, and 

direct comparison (CLC, mass spec) of the C1O acid with synthetic 2-Isopropyl-S-methyl hexanoic 

acid (2) confirmed their identity. 

Similar oxidation of the Al perhydrolactone yielded CllH2002 and C10~~1802, but again no C9 

product. Other considerations supgested a cyclobutane ring, and direct comparison showed the Cl1 

F 
previous comparisons (2) were based on TLC analysis of the acid phenylhydrazides, a method in- 

capable of distinguishing the various c 
10 and Cl1 Isomers. 
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acid to be identical with trans-2,2-dimethyl-3-isopropylcyclobutyl acetic acid (4) prepared from 

a-pinene. 

Treatment of the A isomers with TsOH in C6H6 at room temperature also removes the C5 chain and 

yields unsaturated lactones, C27H3h05 (2, which give the above perhydro compounds on hydrogenation. 

The lactone from Al shows (aside from the signals associated with the 2,3_dimethylchromano"e ring) 

two sinfilet methyls (T 8.78, 3.06) on saturated C, one allylic methyl (T 8.34), and a terminal =C' 
u 

(T 5.23, 5.43) and so must have the Jd_ structure. 
'Ii 

Extended acid treatment yields a new product (2) 

containing 2 allylic methyls and no vinyl protons, which yields on hydrogenation (slow) and oxida- 

tion largely (cis-2,2-dimethyl-3-isopropylcyclobutyl) acetic acid. - C 
A3 lactone shows three vinyl protons, one as the triplet (T 5.01) characteristic of C-k=CH-CW,- 

systems and two as $C=CH2 (T 5.50, 5.60). The absence of the doublet ca. T 4.8 expected for a 

methylene simultaneously benzylic and allylic then requires the structure to !w 2f 
-. 

A? lactone shows two sets of vinyl methylene signals (T 5.43 (311). 5.55 cl:+)) and must be 28. 

In all cases, the "mr spectra of the purified natural acids show corresponding methyl and 

vinyl signals, with the addition of one vinyl proton and two allvlic methvls from a 3-methvl-2- 

butenyl (R) chain. Since the Eass spectra show the major fragmentation to be -CID -C,, and 
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-c -cq, 
5 

;rith no evidence for aromatization via loss of the acid chain, the C 
5 
and C 

10 
chains 

must, as rreviously proposed, he attached at the siime point. In confirmation, the tertiary proton 

of the acid sidechain absorbs 'L T 6.6 and must be allylic. Thus the structures Al-A3 are 1 Bd, 

Similar AgN03 chromatography of the less mobile fraction (8) from the original resin yielded 

principally an elongated snot from which again a pure fraction (Bl) and a mixture (Bl and B2) could 

be separated. These materials differed from the A compounds in their UV spectra (XzV'z 246 (9900), 

296 (10,900), 355 (1730)) and in showing a NW chelated OH signal at ca r - 1.87. Hydrogenation 

or acid treatment again led to loss of a C5 "nit and formation of materials with 

chrom phore as the A products. Oxidation of the perhydrolactones yielded4_from 

while TsOH products showed N?fR spectra nearly identical with those of Al and A2, 

identity of the sidechains. 

the same aromatic 

Bl and 3 from BZ, 

confirming the 

The mass spectra of the A and E products are in close agreement and require that both have 

the C5 and C 
10 

chains attached to a single quaternary carbon. The differing UV spectra require 

significant changes in the chromophore, however, and are accommodated by regarding the two series 

as representing alternative modes of closure of the heterocyclic ring. Thus Bl and B2 are 2 and 

2%. In confirmation, the 7-methyl ethers($) of the B perhydroacids lactonize under mild condi- 

tions onto the 5-OH to give products with no chelated OH (FeC13) and with a W spectrum (232 

(30,300), 272 (14,600), 329 (5400)) very close to that of the homolog papuanolide (4). *In con- 

trast, the 7-methyl ether of the A series are inert to lactonizing reagents (2). 

Reexamination of our small remaining sample of C.brasiliense resin showed that it consisted 

largely of A2 (brasiliensic acid) with smaller amount of A3 ("isobrasiliensic acid"). Thus the 

name inophylloidic acid may be reserved for Al. 

Aromatization of the A natural acids, either by hydrogenation or TsOH, leads to mixtures of 

distinguishable trans/cis 2,3_dimethylchromanone products, even under conditions which do not -- 

cause equilibration of these products. Thus it appears that these compounds occur as mixtures of 

stereoisomers, and indeed separation of the natural materials has been obtained by TLC in a 

sandwich system. 

In the previous communication, it was suggested that hydrogenation of "inophylloidic acid" 

yielded C2* as well as C27 compounds. Reexamination of the data indicates that this represented 

misinterpretations of mass spectra of mixtures of the reduced sidechains in which varying amounts 

of cleavage were regarded as indicating the presence of mixtures of C22 and C27 molecules. 

The sidechains found in these molecules are unique in the Cuttiferae(5) and to our knowledge 

in phenolics in general. They relate to the uncommon 1,2 isoprene linkage of lavandulol (6). both 

in the carbon skeleton and in the tendency, presumably associated with the biosynthetic 

the isoprenoid units, to show isopropenyl rather than isopropylidene termini. The even 

uncommon cyclobutyl unit represents an ohvious closure from the open chain system. 
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