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Abstract-all-E-Geranylgeraniol is present in the oleoresin from Bixa or&ma to the extent of 57%, or approximately 
1% of dry seeds which makes B. orellana the richest known source of this important C,,-terpene alcohol. Other 
compounds isolated for the first time from seeds of Bixa were the terpenes farnesylacetone, geranylgeranyl 
octadecanoate and geranylgeranyl formate, &-tocotrienol, and an apocarotenoid. 

INTRODUCTION 

The commercial extract of seeds of Bixa owllana, known 
as ‘annatto’ is rich in the C,,-apocarotenoid bixin (1). 
Purified bixin is used in a number of formulations in the 
food industry [l], for example in colouring butter, 
cheese, ice-cream, bakery products and edible oils. 
Annatto has been shown to have pro-vitamin A activity 
[2], besides medicinal and cosmetic properties [3]. 

Bixin (1) was the first naturally occurring cis-caroten- 
oid to be isolated from natural sources [4-63. Although 
first isolated in 1875, it was not until 1961 that its full 
structure and stereochemistry were established largely 
through studies of its ‘H NMR spectral data [7]. The 9’- 
cis stereochemistry assigned to the pigment was later 
confirmed by synthesis [S]. Bixin belongs to the rela- 
tively small family of natural apocarotenoids whose for- 
mation is thought to occur by oxidative degradation of 
the parent C,,- carotenoids [9]. Other examples of apo- 
carotenoids include crocetin [lo], j?-apo-lO’-carotenal, 
[ll], /I-citraurin and abscisic acid [12, 133. Although 
some circumstantial evidence supports the proposal that 
certain apocarotenoids are derived from degradative 
pathways, no detailed evidence pertaining to bixin (1) has 
been published. As a contribution to the understanding 
of the biosynthesis of bixin, we have carried out an 
examination of the terpenoids and the carotenoid con- 
tent of fresh seeds of Bixa orellana [14]. 

RESULTS AND DlSCUS!?dON 

Dry seeds of Bixa orellana were first extracted with 
hexane to produce an oleoresin, and then with 
methanolic-methylene dichloride to produce crystalline 
bixin (1) and a filtrate containing a mixture of other 
pigments and terpenoids. After concentration, the filtrate 
was extracted with hexane to obtain a hypophase and an 
epiphase. The principal constituent in the oleoresin was 
all-E-geranylgeraniol (2); a minor constituent was far- 
nesyl acetone (3). Chromatographic analysis of the epi- 
phase showed the presence of several components, from 
which geranylgeranyl octadecanoate (4), geranylgeranyl 
formate (J), b-tocotrienol(6) and the diapo 80x0 ester (7) 
were isolated following multiple elutions on HPLC. 

Quantitative studies demonstrated that all-E-geranyl- 
geraniol(2) was present in the oleoresin from Bixa to the 
extent of 57%, or ca 1% of dry seeds. This makes Bixa 
orellana the richest known source of this important ter- 
pene alcohol. all-E-Geranylgeraniol, as its diphosphate, 
is the central intermediate in carotenoid biosynthesis, 
where it undergoes ‘tail-to-middle’ coupling to give pre- 
phytoene, the precursor to phytoene which is the first 
carotenoid in the Porter-Lincoln biosynthetic pathway 
to carotenoids. Geranylgeraniol has also been isolated 
from linseed oil and peanut oil [lS], from Cedrela toona 
[ 161, bumble bees [ 173, Phytophthora cactorum [18] and 
ants [19], and from Pterodon species [20]. The structure 
and stereochemistry assigned to all-E-geranylgeraniol 
from Bixa, followed largely from inspection and com- 
parison of its NMR spectral data with those described in 
the literature for both the natural [ 161 and the synthetic 
material [21]. 

Farnesylacetone (3), which is possibly a degradation 
product of geranylgeraniol in B. orellana has previously 
been isolated from Sargassum micracanthum [22], Cecro- 
pia adenopus [23], tomato [24], Cannabis satiua [25], 
burley tobacco [26] and Carphephorus species [27]. To 
our knowledge, geranylgeranyl formate (10) has not been 
reported in Nature before this study. Other natural ter- 
pene formates however, are quite well known. For exam- 
ple, essential oils of Perlargonium roseum contain forma- 
tes of geraniol, citronellol and nerol[28], while the alarm 
pheromone of Tyrophagus putrecentiae is largely com- 
posed of neryl formate [29]. The structure of geranylger- 
any1 formate from B. orellana followed from comparison 
with an authentic sample synthesized from all-E-geranyl- 
geraniol and acetic formic anhydride. Formate apart, 
other esters of geranylgeraniol are widely distributed in 
Nature. all-E-Geranylgeranyl octadecanoate (4) for 
example, was earlier reported in the essential oils of Picea 
abies [30]. Geranylgeraniol is also one of the alcohols 
esterifying bacteriophyll a of Rhodospirillum rubrum [31], 
and chlorophyll of newly formed leaves of Aesculus hip- 
pocastanium [32] and barley [33]. 

all-E-Geranylgeraniol is well-known as being involved 
in the natural prenylation of quinones, as demonstrated 
by the isolation of tocotrienols, viz 6, from palm oil [34], 
Heuea braziliensis [33], Sargassum species [35] and some 
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(250 MHz, CDCl,):61.62 (9H, s, 3 x :CMe), 1.70 (3H, s,:CMe), 
1.96-2.10 (br m, <Hz-), 2.40 (2H, t, J=7 Hz, CHzCO), 2.12 (3H, 
s, AC), 5.c5.25 (3H, m, :CH); (m/z 262.2298. C,,H,,O 
requires: [M]’ 262.2297); MS m/z (relint.):262 (5), 219 (3), 205 
(2) 193 (4), 191 (2), 179 (2) 152 (l), 151 (4), 139 (3), 137 (17), 125 
(19), 123(16), 111 (3), 110(3),84(10),83(11),71 (9),69(100), 57(18) 
55 (33): (ii) geranylgeraniol (2), IR vzy$ cm-‘: 3600, 2930, 
1665, 1440, 1390, 1140, 1095, 985, ‘HNMR (250 MHz. 
CDCI,):65.45 (lH, br t, J=7 Hz, H-2) 5.13 (lH, br m, 3 x :CH), 
4.15 (2H, d, J=7Hz, H-l), 1.9-2.20 (12H, m, -CH,-), 1.62(9H, s, 
3 x: CMe), 1.7 (6H, s, : CMe), 1.51 (lH, s, OH); i3CNMR (25.15 
MHz, CDC1,):616.0 (q, C-7 Me and C-l 1 Me), 16.3 (q, C-3 Me), 
17.7(q,C-15 Me),25.7(q,C-16), 26.4(&C-12),26.7(c,C-8)26.8(c, 
C-4), 39.6 (t, C-5), 39.7 (t, C-9 and C-13), 59.4 (t, C-l) 123.4 (d, C- 
2) 123.8 (d, C-6), 124.2 (d, C-10) 124.4 (d, C-14), 131.3 (s, C-15), 
135.0 (s, C-11), 135.5 (s, C-7), 139.9 (s, C-3); (m/z 290.2612. 
C&Hz40 requires [Ml+ 290.2609); MS m/z (rel.int.):290 (lo), 
272 (IS), 247 (5), 229 (lo), 221 (30), 204 (70), 203 (50), 173 (5), 161 
(60) 136 (60), 117 (3), 85 (15), 69 (100). 

The oleoresin was calculated to be 1.5% of the dry seeds of 
Bixa, while the distillate was found to be 52% of the oleoresin. 
Quantitative estimation of free geranylgeraniol in Bixa seeds 
was made through GLC analysis (3% OV-1 on chromosorb B, 
programmed 16@-210”) using geraniol as an int. standard. This 
study showed that the oleoresin contained 57% geranylgeraniol, 
equivalent to 1% of the Bixa seeds. 

Geranylgeranyl octadecanoate (all-E 3,7,11,15-tetramethyl 
hexadeca-2,6,10,14-tetraenyl octadecanoate) (4), geranylgeranyl 
formate (all-E 3,7,11,15-te~rame~hylhexadeca-2,6,lO,l4-tetraenyl 
formate) (5), o-tocotrienol [3,4-dihydro-2,8-dimethyl- (4,8,12- 
trimethyl-3E,7E,l l-tridecatrienyl)-ZH-I-benzopyran-6-oQ (6) 
and methyl 8’-oxo-9-Z-8’,6-diapocaroten-6-oate (7). The compo- 
nents of the epiphase resulting from the extraction of Bixa seeds 
were separated by HPLC in CHCl, soln to give: (i) geranylger- 
any1 octadecanoate (eluted first), IR vEt:‘z cm-‘: 1740, 1670, 
1120, ‘H NMR (250 MHz, CDCI,): 65.35 (lH, c, J=7 Hz, H-2), 
5.14 (3H, m, 3 x: CH), 4.62 (lH,d, J=7 Hz, H-l), 2.33 (2H, t, J 
=7 Hz, CHzCO), 2.0-2.2 (12H, m, 6 x CH,). 1.7 (6H, s, 2 x : 
CMe), 1.61 (9H, s, 3 x : CMe), 1.26 (32H, m, 16 x CH,), 6.9 (3H, t, 
J=6 Hz, Et). (m/z 556.5215. C,,H,,O, requires: [M]+ 
556.5219); MS m/z (rel. int.): 556 (4), 487 (3), 459 (5), 297 (4), 289 
(3), 284 (36), 283 (14), 272 (60), 267 (5), 259 (7), 239 (lo), 229 (40), 
203 (lOO), 202 (65). 

(ii) Geranylgeranyl formate (eluted second) IR v:!!‘~ 
cm-‘: 1720, 1665, 915, ‘H NMR (250 MHz, CDCI,) 68.1 (lH, s, 
CHO), 5.4 (lH, t, J=7Hz, H-2), 5.12 (3H, m, 3 x : CH), 4.7 (2H, d, 
J=7Hz, H-l), 1.9-2.2 (12H, m, 6 x CH,), 1.72 (3H, s, :CMe), 1.70 
(3H, s, :CMe), 1.6 (9H, s, 3 x : CMe), (m/z 318.2554; Cz,H,,Oz 
requires:[M]+; 318.2559); MS m/z reLint):318 (7), 272 (6), 203 
(11), 161 (14) 136 (57), 135 (41), 121 (36), 107 (36), 93 (78), 83 (25), 
69 (lOO), 55 (64), 52 (21). 

(iii) Methyl 8’-0x0-9 -Z-8’,6 -diapocaroten-6-oate (eluted 
third), which crystallized from MeOH as red crystals, mp, 145”C, 
UV n2a7 nm (s): 497 (84000), 462 (lOOOOO), 439 (70000); 
IR vzFF’3 cm-‘: 1710,1665,1610,1380,1080,915. ‘H NMR (250 
MHz, CDC1,):69.46 (lH, s, H-8’) 7.97 (lH, d, J= 15.5 Hz, H-7), 
6.97 (lH, d, J=15.5 Hz, H-12’) 6.3-7.0 (9H, m, 9x :CH), 5.98 
(lH, d, J=15.5 Hz, H-S), 3.97 (3H, s, OMe), 2.03 (3H, s, :CMe), 
1.97 (3H, s, :CMe), 1.95 (6H, s, 2 x:CMe); (m/z 352.2042; 
CzzH,,O, requires [M]’ 352.2038); MS m/z (reLint.):352 (lOO), 
196 (lo), 159 (18), 143 (45), 132 (22), 119 (44), 91 (60), 79 (44) 69 
(80), 68 (10). 

(iv) d-tocotrienol (eluted last), UV A::” nm (s): 297 
(2100), IR Y ~~~i3 cm -‘:3625, 2950, 1620, 1485, 1390, 1155. 
‘HNMR (250 MH,, CDCI,):66.47 (lH, d, J= 2Hz, H-8), 6.38 
(lH, d, J=ZHz, H-6), 5.c5.2 (3H, m, 3 x : CH), 4.45 (lH, br, OH) 

2.69 (2H, r, J=‘IHz, H-4), 2.12 (3H, s, :CMe), 1.96-2.1 (12H, m, 6 
x CH,), 1.7 (2H, q, J=7Hz, H-2), 1.68 (3H, s, : CMe), 1.59 (9H, s, 
3 x :CMe), 1.26 (3H, s, Me); i3CNMR (25.15 MHz, 
CDCla): 615.9 (q, C-8-Me), 16.0 (q, C-4-Me), 17.7 (q, 
C-12-Me), 22.2 (c, C-4-CH,), 24.1 (t, C-11-CH,), 24.6 (q, c-l- 
Me), 25.7 (4, C-13), 26.7 (t, C-9-CH,), 26.8 (c, C-5-CH,), 31.5 (t. 
C-3-CH,), 39.8 (t, C-6-CH,), 76.5 (s, C-l), 112.7 (d, C-5), 1 
5.7 (d, C-7), 121.3 (s, C-4’), 124.3 (d, C-3), 124.4 (d, C-7), 124.5 (d, 
C-11), 127.4 (s, C-8) 131.2 (s, C-12), 135.0 (s, C-8), 135.2 (s, C-4), 
146.0 (s, C-8’), 147.8 (s, C-6); (m/z 396.3042; C H 0 requires: 27 40 2 
[Ml+ 396.3028); MS m/z (rel. int.): 396 (lOO), 219 (4), 204 (8), 192 
(20), 177 (50), 175 (21), 163 (14), 137 (95), 121(20), 109 (22), 45 (18), 
69 (85), 41 (37). [a]gv + 20.5” (EtOH;c 0.02). 

Methyl bixin. A soln of the hypophase (1 g), from the extrac- 
tion of Bixa seeds, in MeOH (15 ml) and C,H, (15 ml) was 
added to a suspension of KOH pellets (0.5 g) in dry methyl 
acetate (30 ml). Dimethyl sulphate (0.5 g) was added to the 
suspension, and the mixture was then allowed to stand over- 
night. The mixture was evapd to dryness in vacua, and the 
residue was then purified by chromatography on silica gel using 
CHzClz-EtOAc (9: 1) as eluant. The coloured fractions (I,,, 
400 nm) were re-chromatographed on a Zorbax sil HPLC col- 
umn, using hexane-EtOAc (9: 1) as eluant to give: 

(i) methyl 8-oxo-9’-z-8,6’-diapocaroten-6’-oate (eluted first), 
mp 140” (MeOH), which showed identical spectroscopic data to 
those described earlier, and 

(ii) methyl bixin (eluted second), which crystallized from meth- 
anol as red crystals, mp 162” (lit. [S], mp 163”), UV 222 nm 
(E): 501 (109900), 469 (124000), 442 (84000) IR v:;:‘~ 
cm-i: 1700,1660, 1280,1125,1000,985,900 and 860, ‘HNMR 
(250 MHz, CDCI,): 67.97 (lH, d, J=15.5 Hz, H-7), 7.4 (lH, d, J 
=15.5 Hz, H-7’), 6.3-7.0 (lOH, m, 10x :CH), 5.93 (lH, d, J 
=15SHz, H-8), 5.89 (lH, d, J=15.5Hz, H-S’), 3.80 (3H, s, OMe), 
3.79 (3H, s, OMe), 1.95-2.0 (12H, 4x :CMe). (m/z 408.2313; 
Cz6H3z04 requires: M + 408.2301). 

Geranylgeranyl formate (all-E-3,7,1 1,15-tetramethylhexadeca- 
2,6,10,14-tetraenyl formate (5). Acetic formic anhydride (9.35 g) 
was added to a stirred suspension of geranylgeraniol(O.5 g) and 
NaHCO, (0.3 g) under Et,0 (100 ml). The mixture was stirred at 
25” for 1.5 hr and then filtered. The filtrate was evapd in uacuo, 
and the residue purified by chromatography on silica gel, using 
Et+petrol (bp 60-80’) (9:l) as eluant, to give the formate 
(0.4 g, 80%) as a pale yellow oil. The formate showed identical 
spectroscopic data to those described above. 
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