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Abstract. The controversy with regard to the structures of the closely related polyisoprenylated 
phenollc compounds, garclnol, lsogarclnol, camboginol, cambogln, xanthochymol and lsoxdnthochymol 
is cleared by X-ray crystallographic analysis of the naturally occurring isogarcinol The unusual 
UV spectral characteristics of the chromophore of isogarcinol are discussed. 

We have recently reported the isolation and suggested the structures of two compounds, E , 

garcinol (I) and isogarclnol (II) from Garcinla lndlca fruit rind' Rao and coworkers have LSO- 

lated four closely related compounds, xanthochymol (III) and isoxanthochymol (IV) from G. xantho- -- 

chymus 
2 3 
and camboginol (I) and cambogln (V) from G. cambogla latex . Xanthochymol could be con- - 

verted Into isoxanthochymol and camboglnol to cambogin and, so also, garclnol to isogarcinol 
4 

Isoxanthochymol and cambogin are considered to be optical antipodes However, xanthochymol 

and lsoxanthochymol were reported to have similar UV spectra (A::: 264 and 364 nm)2, very dlf- 

ferent from those of cambogin and camboglnol (A::: 230 and 281 nm)3 The yellow pigment garci- 

no1 (hEtO, 255 and 365 nm) and the colourless isogarcinol (AZ: 232 and 278 nm), isolated by 

us, had distinctly different electronic spectra This led us to propose,on the basis of supple- 

mentary evidence from IR, NMR and mass spectral data, structures I and II for garcinol and iso- 

garcinol respectively. We also proposed an alternative structure (VI) for camboginol to explain 

the spectral data'. The relationship between isoxanthochymol and cambogin, however, was not clear. 

After communicating our paper, a publication appeared' from Rao's group, which recorded that 

the UV spectral maxlma for lsoxanthochymol were 232 and 275 nm and those for xanthochymol were 

264 and 364 nm in cyclohexanone (cyclohexane") and 230 and 276 nm in ethanol. While such drastic 

changes in the UV spectrum of xanthochymol with solvent could only be explained as due to the 

possrble isomerisation to lsoxanthochymol by a trace of acid that may be present in ethano16, 

the new lnformatlon opened up the possibility that cambogln and isogarcmol (as also camboglnol 

and garcinol) could be identrcal. That lsoxanthochymol and cambogln (or lsogarcinol) are optical 

antipodes could also be supported. Still, we believed that the structures IV and V for these 

compounds were incompatible with the UV spectra which indicated that the 1,3-dzketone and the 

aroyl moieties are not conJugated. Though the structures of both isoxanthochymol and cambogin 
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are said to have been determined by X-ray crystallography of their brosylates 2,3 , the details 

nave not been published. Also, it was possible that isomerisatlon to structures IV and V could 

have occurred during the preparation of the brosylates 

In view of the uncertainty, we undertook the X-ray crystallographic analysis of isogarclnol 

crystals and found, as the following data indicated, that the structure of the compound was, in 

fact, V The crystals used were orthorhombic and belonged to the space group c212121. The unit 

cell paramete's are: a = 11 188(l), b = 14.709(l) and 2 = 20.576(2) ii, z = 4 A total of 3004 

reflections a208 with ~>2o-(Ij] were collected on a Nonius CAD diffractometer (h= 1.542 x, 

0128 scan). The direct method programme MDLTAN-80 was used for structure determination. The 

E map calculated with a set of phases having the highest figure of merit revealed a stereo- - 

chemically meaningful fragment of thirty-five atoms. The structure was developed from this by 

Karle recycling procedure7 followed by a weighted difference synthesis. The structure was re- 

fined by block diagonal least squares procedure to an R value of 0.065. The bond lengths and - 
angles are given in Tables 1 and 2. 

It appears that the fused tricyclic structure in V effectively prevents resonance between 

the two chromophores though they are adlacent to each other. This is confirmed by the bond 

length of 1520 A between C2 - Cl0 which indicates its complete single bond character in isogar- 

cinol, while that in xanthochymol was shown to be 1.440 ii, suggesting extensive resonance. 8 

While steric inhibltlon of resonance 1s understandable, the above observation is remarkable for 

the total suppresslon of resonance as evidenced by the W spectrum and the observed bond dlstan- 

ces It 1s also interesting to note that though the resonance is suppressed, the trlcyclic 

structures IV and V are conslderably more stable to acid, base or heat treatment, compared to the 

blcyclic compounds I and III. These apparently contradicting features may be explained as due to 

the dipolar repulsions between the carbonyl group at Cl0 and the Cl - 01 and the C3 - 02 bonds, 

forcing the aroyl group out of the plane of the 1,3-diketone systems. EThe ORTEP view (VII) 

of isogarclnol clearly shows that the orientation of the aroyl group is perpendicular to the 

plane of the diketone system.] Though such repulsions could also operate in the structures I and 

III, coplanarity (and thus conJugatlon) 1s achieved in these cases by hydrogen bonding of the 

enolic hydrogen to the Cl0 carbonyl group. In fact, the torsion angle Cl - C2 - Cl0 - 04 1s 

13.2O in xanthochymol is compared to -94.1" in isogarcinol, also, the values for C3 - C2 - 

Cl0 - Cl1 were 32.4Oand -98.9O respectively. 

It now seems that cambogln and isogarcinol represent the same structure, V, camboginol 

and garclnol (I) (which have identical physical and chemical properties, including the 13C 

NMR spectrum) may also be identical, the reported difference in the UV spectra notwithstanding 

(see note 6). Direct comparison has not been possible. We wish to retain the names garcinol 

and isogarcinol for I and V in view of the fact they have been isolated from more than one 

Garcinia species, also, they bring out the interrelationships among the compounds more clearly. 

Acknowledgement. The authors wish to thank Dr..J.F.Blount, who kindly provided the coordinates 

for xanthochymol. 
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Table 1. Bond lengths (i) (Ausraae standard deuiatlon bond lanath is 0.008 i) 

Cl - 01 1.333 
C5 - 02 I .209 
C9 - 03 1.224 
Cl0 - 04 I.234 
Cl3 - 05 1.582 
Cl4 - 06 1.361 
Cl - c2 1.330 
Cl - C8 1.513 
C2 - Cl0 1.52n 

c3 - CA 
c4 - c5 
c4 - C9 
C4 - C17 

C5 - C6 
C5 - c22 
C5 - C23 
C6 - c7 

C6 - c24 

1.530 
1.620 
1.494 
I.533 
I.548 
I.535 
I.548 
1.570 
1.565 

C7 - C8 I.574 Cl5 - Cl6 1 l 396 
CS - t9 I.525 Cl‘7 - c1a 1.564 

C8 - C29 1.550 CI0 - CI9 1.326 
Cl0 - Cl1 1.464 Cl9 - c20 1.540 
Cl1 - Cl2 1.376 Cl9 - c21 1.494 
Cl1 - Cl6 1.409 c24 - c25 1.538 
Cl2 - tI3 I.364 c25 - C26 1.302 
Cl3 - Cl4 1.373 C26 - c27 1.517 
Cl4 - Cl5 1,391 C26 - C28 1,SSI 

c29 - c30 1.536 
c50 - c51 I.511 
C30 * IX34 I.539 
C3I - C32 1.557 
c31 - c35 1.552 
C34 - C35 1.533 
C35 - C36 I.359 
C36 - c37 1.566 
C36 - C38 1.510 

Table 2. Bond arroles (deoraes> (fiveraoe standard devlatron in bond angle is 0.6O1 

01 - Cl - c2 118.6 
01 - Cl - c0 118.4 
c2 - Cl - C8 122.8 
Cl - c2 - c3 123.0 
Cl - c2 - Cl0 120.6 
c3 - c2 - Cl0 116.4 
02 - c3 - c2 121.1 
02 - c3 - c4 121.5 
c3 - CA - c5 109.7 
c3 - co - c9 109.4 
c3 - c4 - Cl7 108.2 
C5 - c4 - c9 106.4 
C5 - c4 - Cl? 110.5 
c9 - CA - Cl7 112.6 
CA -C5 -C6 ‘Il.8 
co - c5 - c22 109.3 
c4 - cs - C23 108.6 
C6 - cs - C22 110.4 
Cb - cs - C23 108.4 
c22 - c5 - C23 108.3 
C5 - C6 - C7 110.3 
C5 - C6 - C2A 116.6 
c7 - C6 - c24 112.3 
C6 - c7 - C8 115.3 

Cl - ce - c7 110.8 
Cl - CB - c9 106.7 
Cl - C8 - c29 111.8 
c7 - C8 - c9 105.5 
C7 - C8 - c29 110.0 
c9 - C8 - c29 Ill.9 
03 - c9 - c4 122.2 
03 - C9 - C8 122.1 
c4 - c9 - CR 115.6 
04 - Cl0 - c2 119.2 
04 - CIO - Cl1 122.4 
c2 - Cl0 - Cl1 118.6 
Cl0 - Cl? - Cl2 122.5 
Cl0 - Cl? - Cl6 118.2 
Cl2 - Cl1 - Cl6 119.3 
CII - Cl2 - Cl3 121.9 
05 - Cl3 - Cl2 117.7 
05 - Cl3 - Cl4 121.8 
Cl2 - Cl3 - Cl4 120.4 
Oh - Cl4 - Cl3 119.3 
06 - CIA - CIS 121.7 
Cl3 . ClA - Cl5 119.0 
CIA - Cl5 - Cl6 121.6 
Cl1 - Cl6 - Cl5 117.9 

Cd - Cl7 - Cl8 112.4 
Cl7 - Cl8 - Cl9 125.5 
CIE - Cl9 - C20 118.9 
Cl8 . Cl9 - C21 126.8 
c20 - Cl9 - c21 114.3 
C6 - C2A - C25 111.7 
C24 - C25 - C26 124.2 
C25 - C26 - C27 118.3 
c25 - C26 - C28 126.1 
C27 . C26 - C28 115.6 
C8 - c29 - c30 110.7 
c29 - c30 - c31 109.9 
c29 - C30 - c34 110.1 
c31 . c30 - c34 110.7 
C30 - c31 - 01 IOU.1 
C30 - CSI - C7? 116.7 
01 - c31 - C32 104.3 
c30 - c31 - C33 112.8 
01 - C31 - C33 102.2 
C32 - c31 - c33 111.2 
f30 - t3A - c35 109.5 
C34 * E35 - C36 128.3 
c35 - C36 - c37 120.2 
C35 - C36 - c3S 120.2 
C37 . C36 . C38 119.5 
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