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Abstract. The controversy with regard to the structures of the closely related polyisoprenylated
phenolic compounds, garcinol, i1sogarcinol, camboginol, cambogin, xanthochymol and 1soxanthochymol
1s cleared by X~ray crystallographic analysis of the naturally occurring i1sogarcinol The unusual
UV spectral characteristics of the chromophore of 1sogarcinol are discussed.

We have recently reported the 1solation and suggested the structures of two compounds, viz ,
garcinol (I) and 1sogarcinol (II) from Garcinia indica fruit rlndl Rao and coworkers have 1so-
lated four closely related compounds, xanthochymol (III) and isoxanthochymol (IV) from G. xantho-
chymus2 and camboginol (I) and cambogin (V) from G. cambogia 1atex3. Xanthochymol could be con~
verted into 1soxanthochymol and camboginol to cambogin and, so also, garcinol to 1sogarc1nol4

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

and 1soxanthochymol were reported to have similar UV spectra (}\EtOH 264 and 364 nm) , very dif-

ferent from those of cambogin and camboginol Q\EtOH 230 and 281 nm)3 The yellow pigment garci-
nol (ALSOH EOR 232 and 278 nm), 1solated by

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

255 and 365 nm) and the colourless 1sogarcinol (A

mentary evidence from IR, NMR and mass spectral data, structures I and I1 for garcinol and 1so-
garcinol respectively. We also proposed an alternative structure (VI) for camboginol to explain
the spectral datal. The relationship between 1soxanthochymol and cambogin, however, was not clear.
After communicating our paper, a publication appeared5 from Rao's group, which recorded that
the UV spectral maxima for 1soxanthochymol were 232 and 275 nm and those for xanthochymol were
264 and 364 nm 1n cyclohexanone (cyclohexane”) and 230 and 276 nm 1in ethanol. While such drastic
changes 1n the UV spectrum of xanthochymol with solvent could only be explained as due to the
possible 1somerisation to isoxanthochymol by a trace of acid that may be present in ethanol6,
the new information opened up the possibility that cambogin and 1sogarcinol (as also camboginol
and garcinol) could be 1dentical. That isoxanthochymol and cambogin (or isogarcinol) are optical
antipodes could also be supported. Still, we believed that the structures IV and V for these
compounds were 1incompatible with the UV spectra which indicated that the 1,3-1:ketone and the

aroyl moieties are not conjugated. Though the structures of both i1soxanthochymol and cambogin
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are said to have been determined by X-ray crystallography of their brosylatesz’B, the details
nave not been published. Also, it was possible that i1somerisation 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 isogarcinol
crystals and found, as the following data indicated, that the structure of the compound was, 1n
fact, V The crystals used were orthorhombic and belonged to the space group 2212121. The unit
cell paramete's are: a = 11 188(1l), b = 14.709(1) and c = 20.576(2) 5, z =4 A total of 3004
reflections [2208 with L?Zr(_l_)-l were collected on a Nonius CAD diffractometer (A= 1,542 7\,
(/26 scan). The direct method programme MULTAN-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 adjacent to each other. This 1s confirmed by the bond
length of 1 520 A between C2 - C10 which indicates its complete single bond character in isogar-
cinol, while that in xanthochymol was shown to be 1.440 K, suggestilng extensive resonance.

While steric inhibition of resonance 1s understandable, the above observation 1s remarkable for
the total suppression of resonance as evidenced by the UV spectrum and the observed bond distan-
ces It 1s also interesting to note that though the resonance 1s suppressed, the tricyclic
structures IV and V are considerably more stable to acid, base or heat treatment, compared to the
bicyclic compounds 1 and III. These apparently contradicting features may be explained as due to
the dipolar repulsions between the carbonyl group at Cl0 and the Cl1 - Ol and the C3 - 02 bonds,
forcing the aroyl group out of the plane of the 1,3-diketone systems. {:The ORTEP view (VII)

of 1sogarcinol clearly shows that the orientation of the aroyl group 1s perpendicular to the
plane of the diketone system.] Though such repulsions could also operate in the structures I and
III, coplanarity (and thus conjugation) 1s achieved in these cases by hydrogen bonding of the
enolic hydrogen to the Cl0 carbonyl group. In fact, the torsion angle ClL - C2 - ClO - 04 1s
13.2° 1 xanthochymol 1s compared to -94.1° 1n 1sogarcinol, also, the values for C3 - C2 -

ClO0 - Cl1 were 32.4 and —98.9° respectively.

It now seems that cambogin and isogarcinol represent the same structure, V, camboginol
and garcinol (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 1sogarcinol for I and V in view of the fact they have been 1solated from more than one

Garcinia species, also, they bring out the interrelationships among the compounds more clearly.
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Table 1. Bond lengths (R) (Average standard deviation bond length is 0.008 A)

1 =01 1.333 €3 = C4 1.530 €7 -~ C8 1,574 €15 - C16 1.396 €29 -~ C30 1.536
C3 = 02 1.209 €4 - C5 1,620 g - L9 1,525 C17 - €18 1,564 C30 - €31 1.5
9 - 03 1.224 L4 - L9 1,494 €8 =~ £29 1.550 €18 - C18 1,326 €30 - L34 1.539
€10 - 04 1.234 C4 - C17 1.533 C10 - C11  1.464 C19 - C20 1,540 €31 - €32 1.557
€13 - 05 1.382 s - C6 1.548 C11 - £12 1.376 C19 = C21 1.494 C31 - C33 1.552
€14 « 06 1.361 €5 « 22 1.535 €11 - €16 1.409 C24 - C25 1.538 €34 - L35 1.533
C1 = C2 1.330 €5 = C23 1.548 €12 « 13 1.384 C25 - 026 1,302 €35 - L3656 1.359
C1 - (8 1.513 Ce - C7 1.570 C13 - C14 1,373 C26 - €27 1.517 C36 ~ C37 1.566
£2 = C10 1.520 C6 = €24 1.565 C14 « 15 1,394 C26 - €28 1.551 €36 - C38 1.510

Table 2. Bong angles (degress) (Average standard devistion in bond angle 1s 0.6°)

01 -€1 -C2 118.6 €1 ~-C8 - C7 110.8 C4 « C17 - C18 112.4
01 -C1 -C8 118.4 €1 - (8 (9 106.7 €17 - €18 -~ C19 125.5
€2 -Ct -C8 122.8 C1 ~C8 ~L£29 111.8 €18 ~ €19 ~ C20 118.9
€1 -C2 -¢C3 123.0 €7 -C8 -~ C9 105.5 €18 - €19 ~ C21 126.8
€1 =-C2 -1~C10 120.6 £7 - (8 -~ C29 110.0 €20 - €19 - C21 114.3
€3 -C2 = C10 116.4 €9 ~ L8 ~ (29 111.9 £6 =~ L24 - 025 111.7
02 ~-C3 -C2 12141 03 -~ €9 - C4 122.2 C24 - C25 - €26 124.2
02 -C3 - C4 121.5 03 -~ (8 - (8 122.1 £25 - £26 - £27 118.3
C3 ~-C&4 -C5 10%8.7 €4 -9 - L8 115.6 €25 - C26 - 28 126.1
C3 =-C4 =-C9 109.4 04 «~ C10 - L2 119.2 C27 -« C26 - C28 115.6
€3 ~-C4 - (17 108.2 04 - C10 - C11 122.4 8 - C£29 - (3D 110.7
s ~C4 -2C9 106.4 €2 - C10 - L1 118.4 £29 - C30 - C31 109.9
€5 - C4 - C17 110.5 €10 - C11 « €12 122.5 €29 -~ C30 -~ C34 110.1
€9 - L4 -~ C17 112.6 €10 - C11 - 18 118.2 €31 -« L30 - L34 110.7
C4 - L5 - (6 111.8 C12 - C11 - L16 118.3 C30 - C31 - 01 108.1
C4 - C5 = (22 109.3 €11 - £12 - C13  121.9 C30 -~ €31 - £32 116.7
C4 =05 « (23 108.6 05 = C13 - 012 117.7 01 « L£31 - 032 104.3
Ce -C5 - C22 110.4 05 « C13 -~ C14  121.8 C30 «~ C31 - £33 112.8
b =C5 - 23 108.4 £12 - €13 - C14 120.4 01 «~ £31 - £33 102.2
€22 - €5 - (23 108.3 06 - L14 - (13 118,3 C32 - €31 « L33 111.2
s «C6 - C7 110.3 06 - 014 - C15  121.7 €30 - €34 - €35 108.5
€5 = LC6 = [24 116.6 13 « C14 - €15 119.0 €34 - €35 ~ C36  128.3
€7 ~C6 =24 112.3 C14 - £15 = £16  121.6 C35 -~ C36 - C37 120.2
6 =-L7 -1C8 115.3 €11 - C16 « £15 117.9 €35 - C36 ~ C38 120.2

£37 -« C36 - C38  119.5
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