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Abstract-The resistance of Gossypium species to insects is enhanced by compounds in their lysigenous pigment 
glands. In cultivated cottons, glands in achlorophyllous plant parts contained predominately the terpenoid aldehyde 
gossypol in G. hirsutum, and gossypol and its methyl and dimethyl ethers in G. barbadense. Glands in young green 
tissues, however, contained hemigossypolone as the predominant terpenoid aldehyde in G. hirsutum. and a new 
quinone, hemigossypolone-7-methyl ether, in G. barbadense. As glands aged in green tissues, the sesqmterpenoid 
quinones were replaced by several C,,- terpenoids formed by the Duels-Alder reaction of the qumones with myrcene 
or drans+ocimene. Two C 

d 
-terpenoids isolated from G. barbadense. but not G. hirsutum, were the methyl ethers 

of heliocides H, and H, an were designated heliocides B, and B,, respectively. A dark red pigment, gossyrubilone, 
from glands of young leaves of both species is the isopentylimine of hemigossypolone. Similar red imines, formed from 
sesquiterpenoid quinones and amino acids, resembled the red coloration of the envelope cells surrounding the gland 
sac. The terpenoid quinones of Gossypium had physical characteristics different from quinones in Bombax which 
apparently were incorrectly identified as being the same. A survey of the terpenoid quinones and their heliocide 
derivates in wild Gossypium species and related genera in the Gossypieae showed considerable diversity which may 
be used for establishing biochemical and phylogenetic relationships. 

INTRODUCTION 

Pigment glands are one of two major characters used to 
define the tribe Gossypieae (family Malvaceae), which 
includes Gossypium (cotton) and seven other genera [l]. 
The gland is composed of an ovoid or spherical sac, 
100-400 pm in diameter, and an envelope of one or 
more layers of flattened cells [2,3]. The sac is formed by 
a lysigenous process involving several cells originally 
arranged in a spherical pattern. Glands generally are 
located below hypodermal cells of stems and palisade 
cells of leaves, but they also occur throughout the 
secondary phloem tissue in bark. While glands occur in 
most organs and tissues, they are particularly dense in 
seed embryos, young carpel walls (bolls), young leaves, 
and old root and stem bark near the soil line. Although the 
oil in the sac is golden or orange, the glands in green 
tissue are dark in appearance because of a red or purple 
pigment in the envelope cells. 

Cook [4] first suggested that the pigment glands of 
cotton are important for host plant resistance to boll 
weevils and bollworms. Subsequently, Withers and 
Carruth [5] demonstrated that the pigment gossypol 
(2a) was associated with the glands and was primarily 
responsible for the toxicity of cottonseed to swine, 
poultry, and rodents. McMichael [6] reported two 
mutant recessive genes gI, and gI, which completely 
remove pigment glands from cotton plants and thus give 
nontoxic cottonseed free of gossypol(2a). However, when 
glandless cottons are grown in the field, they are some- 
times attacked by various insect species that do not 

normally feed on glanded cotton, and many normal 
insect pests of cotton cause more damage on the glandless 
plants [7J. Conversely, wild races or hybrids of cotton 
with abnormally high gland density show less damage 
from major cotton insects than do normally glanded 
cottons [7]. Thus, gland contents apparently are toxic 
or repulsive to many insects. 

Bottger et al. [S] first showed the toxicity of gossypol 
(2a) to insects, and postulated that it may be the insecti- 
cidal compound in glands. Other studies [7] have since 
correlated the insecticidal activity of glanded cotyledons 
and flower buds with gossypol (2a) content as deter- 
mined by aniline or anisidine reagents. Lukefahr et al. 
[9], however, reported that fresh flower buds from certain 
wild or primitive lines of G. hirsutum showed more anti- 
biosis to the tobacco budworm than would be expected 
from their gossypol (2a) content as determined by the 
aniline test. Thus, we undertook several studies to 
examine the terpenoid aldehyde content of pigment 
glands in various plant tissues. 

In leaves [lo], flower buds [ 111, and young bolls [ 131 
of glanded G. hirsutum we found several terpenoid alde- 
hydeq besides gossypol (2a), occurring in appreciable 
concentration. These terpenoids, like gossypol(2a), were 
missing from glandless cottons. The major terpenoid 
aldehyde in glands of young leaves was identified as the 
sesquiterpenoidquinonepara-hemigossypolone(3a)[lO]. 
This quinone (3a) also was isolated from flower buds 
[ 121 and was a major terpenoid in glands of 2- to 3-day- 
old bolls [13]. Four other aldehydes were identified as 
C,,-terpenoids formed by a Die&Alder reaction. Thus, 
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heliocides H, (5h) and H, (5c) are the structural isomers Table 1. 13C-NMR chemical shifts (6) of hemigossypolone-7- 
formed by the reaction of hemigossypolone (3a) with methyl ether (3b). heliocides B, (Se) and B, (5b)* 

myrcene [13, 141, while heliocides H, (5a) and H, (Sd) 
are formed from hemigossypolone (3a) and trans-/?- Compound (6) 

ocimene (6) [15]. Seaman et al. [16] found good corre- 
Carbon No. 3b Se 5b 

lations between the toxicity of flower bud extracts from C-l 186.8 201.7 2009 
130 races of G. hirsutum and the content of individual c-2 149.3 49.0 51.6 
heliocides, gossypol (2a), or total terpenoid aldehydes c-3 133.4 56.9 51.2 
in the extracts. In controlled feeding experiments, how- c-4 185.9 198.7 199.3 
ever, heliocide H, (5a) was more active against budworms C-5 117.0 115.3 115.0 

than heliocides H, (Sb) or H, (Sc) [17, IS]. Thus, the C-6 158.4 158.8 159.1 

resistance of cotton to insects might be improved by C-7 152.4 151.9 152.2 

breeding for specific heliocide contents in the pigment C-8 150.4 149.7 150.7 

glands. 
c-9 126.7 129.0 129.9 

In the present study, we compared the terpenoids in 
c-10 130.5 135.9 135.4 

pigment glands of different tissues and organs of G. 
c-11 198.0 197.1 197.7 
c-12 ‘8.7 29.1 29.7 

hirsutum and G. barbadense. Three terpenoids unique to c-13 20.8 20.9 20.7 
pigment glands in green tissues of G. barbadense, and a c-14 20.8 21.0 21.3 
dark red pigment from glands in young leaves of both c-15 16.3 23.0 23.8 
species, are identified as terpenoid quinones and deriva- C-16 32.4 49.0 

tives. A survey was made of the occurrence of terpenoid c-17 118.4 136.3? 

quinones and their heliocide derivatives in Gossypium C-18 134.8t 117.6 

species and related genera to determine their usefulness 
c-19 38.9 26 4 

in chemotaxonomy. 
c-20 21.3 21.5 
c-21 27.4 30.5 
C-22 123.3 124.2 

RESULTS C-23 
C-24 

133.3t 131.6t 
25.6 25.5 

Identzjkation of hemigossypolone-7-methyl ether (3b) C-25 17.6 17.6 

Compound 3b (yellow crystals, mp 57-59”) was the -OCH, 60.5 60.4 60.6 

major terpenoid isolated from young leaves and bolls of 
glanded G. barbadense plants but it was absent from 

*I%-NMR shifts are expressed in ppm downtield from TMS 

glandless leaves. The occurrence of 3b among tissues and 
using the central resonance of CDCI, as reference (6 76.9 ppm). 

among Gossypium sp. was consistently associated with 
Shift assignments of structurally similar types of carbon atoms 

that of hemigossypolone (3a). Compound 3b, like 3a, 
were distmgulshed through differences m 2.3. of4-bond carbon 
hydrogen coupling [32]. 

formed a magenta derivative with acidic phloroglucinol f Shift assignments of carbon atoms may be interchanged. 

(la) R = H 
(lb) R = Me 

0 H \N C OH 

(2a) R = H 
(2b) 1R = H, 1R = Me 
(2~) R = Me 

(3a) R = H 
(3b) R = Me 

(Sa) R, = CH,-CH=C(Me), 

R3 
R, = Me.R,.,., = H 

(5b) R, = (CH,)Z-CH=C(Me), 
R 1.2.4.5 =H 

R‘t (59 R, = (CH,), -CH=C(Me), 
R l.Z.3.5 =H 

(5d) R, = CH,-CH=C(Me), ” R, = Me. R,,,,, = H 
(Se) R, = CHZ--CH=C(Me),. R 1, 3 = Me. R,, 5 = H 
(5f) R, = (CHZ),-CH=C(Me)2, R, = Me. RZ,4,5 = H 
(5~8 R = (CH,),-CH=C(Me) , R, = Me, R =H 
@II) R: = CHZ-CH=C(Me),. k,,, = Me. Rf$L H 

Scheme 1 Structures and probable lxosynthetic relationships of terpenoid aldehydes and imines found in pigment 
glands of Gossypiwz. 
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and an orange derivative with 2,4~initrophenylhydra- 
zinc, indicating the presence of an aldehyde group. 

Comparisons of spectral data of 3a and 3b showed that 
3b is the 7-methyl ether of hemigossypolone. The high 
resolution MS of 3b indicated a molecular composition 
of CICHICOS (Found: 288.098270, 87 %. Required : 
288.099750). The ‘H-NMR spectrum of 3b was very 
similar to that of 3a [13]. However, the spectrum of 3b 
had an additional three proton singlet at S 3.98 and only 
one hydroxyl proton (S 12.65). The& 398peak was similar 
to the methyl ether proton resonance peaks in spectra of 
hemigossypol&-methyl ether (lb) [17] and gossypol- 
6,6’-dimethyl ether (2~) [IX] ; thus the methyl of (3b) was 
probably at the equivalent position (C-7). Further, the 
chemical shift of the hydroxyl group indicated that it 
was strongly hydrogen bonded to the aldehyde and 
therefore at C-6, The r3C-NMR spectrum of hemi- 
gossypolone-7-methyl ether (3b) (Table 1) was very 
similar to that of hemigossypolone (3a) [13]. A major 
difference was the presence of a methyl ether peak at 
6 60.5 in 3b, but not in 3~. 

The structure of hemigossypolone-7-me~yl ether (3b) 
was proved by its synthesis from hemigossypol methyl 
ether (lb). Compound lb was previously isolated and 
identified from G. barb~e~se [ 191. When lb was oxidized 
with FeCl,, several products were obtained. One was 
identical (mp,mmp, IR, UV, ‘H-NMR and MS) to the 
hemigossypolone-7-methyl ether isolated from G. bar- 
bardense. 

Identification of heliocides B, and B, 

Extracts from young leaves or bolls of G. barbadense 
contained four compounds that formed yellow-orange 
derivatives with acidic phloroglucinol and yellow deriva- 
tives with 2Jdinitrophenylhydrazine. The two com- 
pounds present in minor amounts were identified as 
hetiocides H 1 (Sa) and H, (Sd) by comparing their chro- 
matographic behaviour and MS and ‘H-NMR spectra 
with those of heliocide H, (5a) and H4 (5d) synthesized 
from hemigossypolone (3a) and amass-~-ocimene (6) [ 151. 
The remaining two compounds were different from 
heliocides HI_* (5a-d) previously isolated from G. 
hirsutum [13-151. We designated them as heliocides 
I& (5e) and B4 (5h) to indicate their discovery in G. 
b~rb~~se and structural relationships to heliocides H, 
(Sa) and H, (Sa), respectively. 
- 

* The molecular composmon of ions were determined by 
high resolution MS. 

Me0 

High resolution MS of heliocides B, (Se) and B4 (5h) 
indicated a molecular composition of C&Is205 [Found : 
for B, (Se) 424.223823> 8 y,,, for B, (Sh) 424.225076, 8 %. 
Required : 424.2249501. Both compounds readily under- 
went reverse Diels-Alder fragmentations; B1 gave major 
fragments of C,,H,70s* (m/e 289, 57%) and 

C,,Hr,* (m/e 135, 100x), while B, gave fragments of 
C,6H,s0,*(m/e290,53%)andC,,H,,*(m/e135,100%). 
Similar fragmentations were noted in the MS of helio- 
tides H, (5s) and H, (5d) [15]. The alkyl side chain of 
heliocides B, (Se) and B, (5h) was indicated by fragments 
of C,,H,,OS*, (m/e 3.55; 4% for B,, 15% for B4) and 
CsH,* (m/e 69,24 % for B,, 44 % for B4). 

The 13C-NMR (Table 1) and ‘H-NMR spectra indi- 
cated that heliocides B, (Se) and B, (5h) were identical 
to heliocides H, (5a) and H, (%I), respectively, except 
for the presence of a methyl ether at one of the hydroxyl 
groups. The methyl ether groups of heliocides B, (se) and 
B, (§b) appeared at 6 3.99 and 4.00 in the ‘H-NMR 
spectra and at S 60.4 and 60.6 in the 13C-NMR spectra, 
respectively. The chemical shifts of the hydroxyl protons 
(6 12.71 and 12.98)and the aldehyde protons{& 10.13 and 
10.41) of heliocides B, (se) and B, (Sh), respectively, 
indicated that the hydroxyl protons were strongly che- 
lated with the aldehyde oxygen. Such strong chelation 
could only result from a free hydroxyl at C-6. Thus, the 
methyl group was located at C-7. 

Identification of heliocides B, (5e) and B, (5b) as 
Diels-Alder products of hemigossypolone-7-methyl 
ether (3b) and trans-/?-ocimene (6) was confirmed by 
synthesis (Scheme 2). The reaction gave heliocides B, 
(5e) and B, (5h) in an approximate ratio of 3 : 1, which is 
the same ratio of B, (5e) and B4 (Sh) extracted from pig- 
ment glands. We previously presented arguments that 
formation of the Diels-Alder adduct heliocide H, (5a) 
with alkyl groups at C-18 and C-19 should be kinetically 
favoured over that of the adduct heliocide H, (5d) with 
alkyl groups at C-17 and C-16 because formation of the 
latter (5d) involves greater steric interference from the 
ocimene alkyl groups with the aromatic isopropyl group 
during adduct formation [U]. By similar reasoning, 
the isopentenyl group of the major product, heliocide 
B, (5e), and minor product, heliocide B4( Sh), would be 
at C-19 and C- 16, respectively. Location ofthe isopentenyl 
groups at these positions was confirmed by comparisons 
of 13C-NMR resonances of carbons in the cyclohexenyi 
rings (Table 2). When heliocides H, (Sa) and B, @e), or 
H4 (5d) and B4 (5h), were compared with each other, the 
alkyd carbons each showed AS differences less than 1.0, 

3b 6 se 

Scheme 2 
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Table 2. Comparisons of the 13C-NMR chemical shifts (8) of 
carbons in the cyclohexenyl ring of hehocldes H, (5a) and B I (5e), 

and H, (5d) and B, (5h) 

Carbon Sa se A6 5d 5h AS 

c-2 49.0 49.0 0.0 51.6 516 0.0 
c-3 57.3 56.9 0.4 51.3 51.2 0.1 

C-16 32.3 32.4 0.1 49.0 49 0 0.0 
c-17 118.6 118.4 0.2 1362 136.3 0.1 
C-18 135.0 134.8 0.2 117.7 117.6 0.1 
c-19 39.5 3X.9 0 6 26 1 26.4 0.3 

indicating the same alkyl substitutions within each pair 
of heliocides. Thus, heliocides B, and B, are the 7- 
methyl ether derivatives of heliocides H, and H,, and 
have structure 5e and 5h. respectively. 

Identification ufgossyrzdbilone (4) 

Extracts from terminal leaves contained a dark red 
pigment that we named gossyrubilone (4). From 200g 
of dried terminal leaves, we obtained 12 mg of pure 4, 
mp 140-142 . The high resolution MS of 4 indicated a 
molecular formula of C,,H,,NO, (Found: 343.179843. 
Calculated: 343.178335). Prominent peaks at m/e 258* 
(C,,H,,O,, 63 ‘?/,) and 256* (C,,H,,O,, 49 “/,) were due 
to loss of C,H,,N and C,H, 3N ions, respectively, while 
loss of these ions and a methyl group gave peaks at m/e 
243* (CI,H,,O,, 53%) and 241* (C,,H,O,, 51”,), 
respectively. 

The ‘H-NMR spectrum also indicated the imine 
structure 4. The aldehyde proton (6 10.7) of hemigossy- 
polone (3a) was replaced by an imine proton (6 9.65) in 
gossyrubilone (4). The spectrum also confirmed that the 

aromatic part of 4 was the same as in hemigossypolone 
(3a) [ 131. The ‘H-NMR data also indicated that the alkyl 
group attached to the imine nitrogen was an isopentyl 
group. This was confirmed by synthesis. Isopentylamine 
reacted quickly with hemigossypolone in benzene to 
give high yields of 4. Amino acids (alanine, isoleucine 
and phenylalanine) also reacted with hemigossypolone 
overnight at room temp. in methanol to give appreciable 
yields of red coloured imines. Thus, the aldehyde of the 
terpenoid quinones (3a, 3b) is very reactive with amino 
groups. 

Terpenoid content of pigment glands in different tissues 

The major terpenoid aldehydes found in pigment 
glands in various tissues offloweringplants of G. hirsutum 
and G. harhadense are summarized in Table 3. In different 
tissues of G. bar&dense, 30 to 701; of the terpenoids 
were methylated at the hydroxyl at C-7. Less than 5 “” of 
the terpenoids in any tissue of G. hirsutum were methyl- 
ated. Pigment glands shielded from light (seed embryo, 
stem phloem, and root bark) or located inachlorophyllous 
tissues (petals and stamens) contained 90-95 % gossypol 
(2a) and its methyl ethers (2b, 2~). Glands in green tissues 
(leaves, petioles, stems, bracts, bolls). however. contained 
predominantly the terpenoid quinones (3a, 3b) and their 
heliocide derivatives (5a-h). Gossypol(2a) and its methyl 
ethers (2b, 2c) made up only 10 to 3O”b of the terpenoid 
aldehyde content in green tissue. Hemigossypol (la) and 
its methyl ether (lb, in G. harbadense only) were present 
in all pigment glands but never made up more than 5 O,) 
of the total aldehydes. 

Changes in terpenoid composition of glands during 
growth of the plant were observed in cotyledons. leaves, 

Table 3 Major terpenoid aldehyde components in pigment glands in different tissues of 
cultivated cotton 

Tissue 
Upland cotton 
(G. kirsutum) 

Egyptian cotton 
(G. barbadense) 

Seed : 
Embryo G* G.MG, DMG 
Coat no glands no glands 

Stems : 
Cortex H,, H,, (H,, H,)t B,. B,. H,, H, 
Secondary Phloem G G, MG. DMG 
Xylem no glands no glands 

Leaves : 
Cotyledonary G G, MG. DMG 
True HGQ, H,. H, WI,, H,) HGQ. MHGQ. B,. B,. H,. H, 
Petlole H,. H,. (H,. Ha) B,. B,. H,. H, 

Flowers : 
Bracts and calyx H,. H,. (H,. I-I,) B,, B,, H,. H, 
Petals and stamens G G. MG, DMG 
Pollen no glands no glands 
Ovary and stigma HGQ, H,. H,, (H,, HJ HGQ. MHGQ. B,. B,. H,. H, 

Roots : 
Cortex1 G G. MG. DMG 
Secondary Phloem G G, MG, DMG 
Xylem no glands no glands 

* Abbreviations : G = gossypol(2a); MG = 6-methyl ether of gossypol(2b) ; DMG = 6,6’- 
dImethyl ether ofgossypol(2c); H,, H,, H,, H,, B,, and B, = heliocides H, (5a). H, (5b). H, 
(SC), H, (5d). B, (5e), and B, (Sh); HGQ = hemigossypolone (3a): and MHGQ = hemigossy- 
polone-7-methyl ether (3b). 

t Parentheses indicate that these components were prominent in most wild strains but only 
m a few cultivated varieties. 

$ Considerable amounts of terpenoid in this &sue were in the epidermis and periderm of 
the root as well as in glands. 
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and bolls. Cotyledons in the seed contained only gossypol 
(2a) and its methyl ethers (2b, 2~). After the cotyledon 
emerged from the soil following seed germination, the 
quinones (3a, 3b) and heliocides @a-h) appeared and 
increased progressively during growth of the cotyledon. 
Very young leaves and bolls contained terpenoid quinones 
(3a, 3b) as major components. As these tissues aged, 
however, the quinones (3a, 3b) were replaced by the 
heliocides (5sh). In G. hirsutum, the free quinone (3a) 
was largely replaced by heliocides (5a-d) by the time bolls 
or leaves were 2-3 weeks old. Conversely, G. barbadense 
leaves and bolls contained appreciable free quinones 
(3a, 3b) even when 1 month old. 

gossypol methyl ethers (2b, 2~); it also contained small 
amounts of hemigossypolone (3a) and hemigossypolone 
ether (3b) and traces of heliocides H, (5a) and B, (5e). 
Gossypioides kirkii was the only genus in the Gossypieae 
other than Gossypium, that contained heliocides (H,, 5a 
and H,, 5d) as the major terpenoids in leaf glands. G. 
kirkii also contained appreciable gossypol (2a), a small 
amount of hemigossypolone (3a), and a trace of hemi- 
gossypol (1 a). 

DISCUSSION 

Tkrpenoid content ofglands in the tribe Gossypieae 
Dissimilarity of terpenoid aldehyde quinones in Gossypium 
and Bombax 

Young leaves from 30 Gossypium species and five other Several lines of evidence firmly establish the structures 
genera in the Gossypieae were examined for their ter- of the two major terpenoid quinones of Gossypium as 

penoid content in glands. Results for the Gossypium hemigossypolone (3a) and hemigossypolone-7-methyl 
species are shown in Table 4. Among the genera of the ether (3b). These include the synthetic conversion of 
Gossypieae, Cienfuegosia hetaterophylla, C. hildebrandtii, hemigossypol (la) to both gossypol(2a) [20] and hemi- 
C. yucatanensis. Thespesia grandijlora, T garckeana, IT: 
populnea and Hampea nutricia accumulated mostly 

gossypolone (3a) [ 10,121. X-ray crystallographic analyses 
of heliocide H, (5b) which was synthesized from hemi- 

gossypol(2a) along with a trace of hemigossypol (la) but gossypolone (3a) further establish the location of the 
not the terpenoid quinones (3a, 3b) or their derivatives functional groups in 3a [13]. Likewise, hemigossypolone- 
(4, 5a-h). Lebronnecia kokioides contained prominent ‘I-methyl ether (3b) from Gossypium was identical to (3b) 
amounts of hemigosspyol (la) and gossypol (2a) and synthesized from hemigossypold-methyl ether (lb). The 
small amounts of hemigossypol methyl ether (lb) and position of the methyl ether group in lb was previously 

Table 4. Relative content* of binaphthyl and naphthoquinone derivatives formed from hemigossypol (la) and hemigossypol-7- 
methyl ether (lb) in pigment glands of young leaves of Gossypium sp. 

Cytogenetic Naphthoquinone adducts 
group and Naphthols Binaphthols Naphthoquinones With ocimene With myrcene? 

Gossypium sp. designation la lb 2a 2bJc 3a 3b Sa Se 5b, 5c % 5g 

G. herbaceum 
G. arboreum 
G. anomalum 
G. triphyllum 
G. barbosanum 
G. sturbianum 
G. australe 
G. bickii 
G. nelsonii 
G. thurberi 
G. karknessi 
G. armourianum 
G. davidsonii 
G. klotzschianum 
G. aridum 
G. raimondii 
G. gossypioides 
G. lobatum 
G. trilobum 
G. laxum 
G. stocksii 
G. somalense 
G. areysianum 
G. incanum 
G. longlcalyx 
G. hirsutum 
G. bar&dense 
G. tomentosum 
G. mustelinum 
G. darwinii 

Al 
A2 
B, 
B2 
B3 
Cl 
C3 
C4 
C 
Dl 
D2 
D,-I 
DS-* 
D,-I, 
D4 
D5 
D6 
D, 
DS 
D9 
El 
E2 
ES 
E4 
Fl 
ADI 
4 
AD, 
AD 
AD 
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* Terpenoids were separated by TLC, reacted with phloroglucinol reagent, and estimated from spot size and intensity : + + + = 
large intense spot, + = small distinct spot, tr = trace, and - = none detected. 

f The minor adducts from ocimene, Sd and 9, occurred at the same R, values as Sb, 5c and 5f, Sg, respectively, and made slight 
contributions to the intensity of these spots when appreciable 5a or 5e, respectively, were present. 
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established w-hen its dimeric product (2~) from Gossypium 
was shown to be identical with 2c synthesized from 
gossypol [21-J. 

Seshadri et al. [22] identified terpenoids isolated from 
root bark of Bombax malabaricum as hemigossypolone 
(3a) and hemigossypolone-7-methyl ether (3b). In addi- 
tion they tentatively identified a naphthol as hemigossy- 
pol-6-methyl ether (lb) [23]. Comparisons of physical and 
spectral characteristics of the terpenoids from Bombax 
with those of the comparable terpenoids from Gossypium, 
however, show that the compounds are different. Com- 
pounds lb,3aand3bfromGossypiumhadmpof 156-160’ 
[19], 167-169” [12], and 57-59”, respectively, whereas 
putative lb, 3a. and 3b from Bombax had mp of 144”. 
167-168”, and 87-88” [22, 231, respectively. UV spectra 
of the Gossypium terpenoids were different from those of 
the Bombax terpenoids: J.,,X (E) were 225 (388000), 268 
(10600), 281 (sh), 352 (5100), and 388 (4800) for lb from 
Gossypium [19], but 235 (1260), 273 (6460). and 353 
(10000) for putative lb from Bombax [23] ; 270 (23 500) 
313 (9900), and 417 (2300) for 3a from Gossypium. but 
234 (10480) 252 (9770), and 294 (7080) for putative 3a 
from Bombax [22]; and 266 (22900) 302 (sh) and 362 
(2500) for 3b from Gossypium, but 248 (15140) 272 
(13 180), and 338 (3980) for putative 3bfrom Bombax [22]. 

There is also a considerable difference in the NMR 
spectra between the protons of the naphthoquinone ring 
system of the Gossypium terpenoids and those assigned 
to the naphthoquinone rings of the Bombax terpenoids. 
The quinoid protons at C-3 in hemigossypolone (3a) and 
hemigossypolone-7-methyl ethers (3b) have chemical 
shifts ofa 6.62 and 6.60, respectively. In contrast, Seshadri 
et al. [22] assigned a proton at 6 7.32 as the quinoid pro- 
ton of putative 3b from Bombax, and indicated that a simi- 
lar proton occurred in putative 3a from Bombax. Be- 
cause of the above conflicts, we recently extracted ter- 
penoids from bark and diseased tissue of an American 
cultivar of Bombax malabaricum. On TLC the terpenoids 
from Bombax gave R, values and chromogenic reactions 
with acidic phloroglucinol different from those of the 
Gossypium terpenoids. 

The terpenoid aldehyde quinones of Bombax probably 
are isohemigossypolone (7a) and isohemigossypolone-3- 
methyl ether (7b). The proton at 6 7.32 in putative 3b from 
Bombax is better assigned as the aromatic proton at 
C-7 of 7b. In 6-deoxyhemigossypol, an aromatic proton 
comparable to that at C-7 in 7b occurs at 6 6.97 [19]. 
whereas the quinoid protons of 3a and 3b occurs at 6 6.62 
and 6.60, respectively. Likewise the UV spectra of the ter- 
penoid quinones from Bombax show Band 1 absorption 
for a naphthoquinone at longer wavelengths (294 and 
272 nm) than 3a and 3b (270 and 266 nm, respectively). 
The shift to the longer wavelengths would be expected 

HO&OR HO@ 

(74 R = H (Sa) R = H 
(7b) R = Me (Sb) R = Me 

from a hydroxyl and methoxyl substitution on the 
quinone ring as occurs in 7a and 7b, respectively [24]. 
By similar reasoning, putative lb from Bombux [23] 
probably is isohemigossypol-2-methyl ether (8b). The 
terpenoids of Bombax need further study before their 
structures can be definitely ascertained. 

Biosynthesis and localization of terpenoid nldehydes 

Previous studies [25] indicated that methylation of 
cotton terpenoids occurs early in biosynthesis before 
formation of the aldehyde group. Thus, high concentra- 
tions of hemigossypolone methyl ether (3b) and methyl- 
ated heliocides (5e-h) were expected in G. barbudense. 
because hemigossypol methyl ether (lb) occurs in about 
the same concentration as hemigossypol (la) in this 
species [2 1, 261. The discovery of more than 50f; 
methylation of the quinone and the heliocide derivatives 
in G. barbadense (Table 3) further shows that methyla- 
tion probably precedes formation of hemigossypol 
methyl ether (lb). 

Hemigossypol (la) and its ether (lb) apparently have 
alternate routes ofbiosynthetic conversion that are under 
both genetic and physiological control. As shown in 
Scheme 1, the naphthol aldehydes may be either dimer- 
ized to gossypol(2a) and its ethers (2b, 2c) or oxidized to 
naphthoquinones (3a, 3b). The dimerization reaction is 
catalyzed by the enzyme peroxidase [20], but the enzyme 
catalyzing quinone formation is unknown. Ten of the 11 
species of the American wild diploid cottons (D cyto- 
genetic group, Table 4) apparently lack the enzyme 
and structural gene necessary for quinone formation. 
Consequently, these cottons accumulate only gossypol 
(2a), or 2a and its methyl ethers (2b, 2c) in pigment glands 
in all tissues. The complete inability to form terpenoid 
quinones, but marked ability to accumulate gossypol 
(2a), also occurred in pigment glands of the genera 
Cienfuegosia, Thespesia, and Hampea that, like Gossy- 
pium, are in the tribe Gossypieae [I]. 

Species or genera that have the genetic ability to form 
terpenoid quinones do so only in certain tissues. The 
enzyme that catalyzes quinone formation apparently is 
stimulated by light. either in its synthesis or activity, and 
it occurs only in tissues containing chlorophyll (Table 3). 
Consequently, pigment glands in seeds. root bark, flower 
petals, or stamens contain predominantly gossypol (2a) 
and its ethers (2b. 2c), while glands in other tissues of the 
same plant contain mostly quinones (3a, 3b) and their 
heliocide derivatives (5a-h) (Table 3). Glands formed in 
cotyledons during seed development contained only 
gossypols (2a-c), but after seedling emergence and expo- 
sure to light, quinones (3a, 3b) and heliocides (Sa-h) 
increased progressively in concentration during growth 
of the cotyledon. This indicates that within the cotyledon. 
glands formed in the dark, make only gossypols (2a-c), 
while those formed in light make mostly quinones (3a 3b) 
and heliodides (5a-h). 

The principal products formed from the terpenoid 
quinones in Gossypium are the heliocides (Scheme 1). The 
heliocides apparently are formed by a spontaneous 
Diels-Alder reaction of the monoterpene dienes and the 
terpenoid quinones within the pigment glands. Thus, 
hemigossypolone (3a) reacts with mans-p-ocimene (6) to 
form heliocides H, (5a) and H, (5d) [15] (Scheme 2) or 
with myrcene to form heliocides H, (5h) and H, (5~) 
[13, 141. Likewise, hemigossypolone methyl ether (3b) 
reacts with trans-/I-ocimene to form heliocidrs B, (5e) 



and B, (5h) or with myrcene to form heliocides B, (5f) and the A group, G. sturtianum and G. bickii of the C group, 
B3 (5g). These conclusions are supported by the findings G. longicalyx of the F group, and G. barbadense and G. 
that G. hirsutum, which makes heliocides H 1 - 4 (5a-d), musfelinum of the AD group. Species that make helio- 
contains both myrcene and aquas-~-ocimene in its tides from both ocimene and myrcene include G. 
essential oils [27] ; but G. ~ur&~en~e, which makes only arboreum of the A group, G. anoma~um and G. barbosanum 
heliocides H,, H, B,, and B, (Table 3), contains trans- of the B group, G. nelsonii of the C group, G. gossypioides 
fi-ocimene but not myrcene in its essential oil [ZS]. While in the D group, G. stocksii in the E group, and G. hirsute 
we have synthesized heliocides other than H r _ _, (5a-d) ofthe AD group ; most of these species are also considered 
and 3, -4 (5e-b) by reacting the quinones (3a, 3b) with to be the most phy~ogenetically advanced in their groups 
conjugated dienes such as allocimene and phellandrene 
[ 151, the only natural heliocides found to date are formed 

based on cytogenetic or phenetic characters [29, 301. 
Other phylogenetic changes in terpenoid structure 

from trans-/?-ocimene or myrcene. and its regulation have occurred in the substituents on 
Imines such as gossyrubilone(4)apparently are a minor the aromatic carbon positioned meta to the aldehyde 

groupofcompounds formed from the terpenoid quinones. group. This carbon is hydroxylated in all Gossyp~um 
For example, only 12 mg of gossyrubilone (4) compared species and related genera of the Gossypieae but appar- 
to nearly 500 mg of heliocides (5a-d) was obtained from ently is not substituted in the sesquiterpenoid aldehydes 
200 g of dry terminal leaves of G. ~~rsu~u~ cultivar of ~ornb~ which is in a distinct family, the Bombacaceae. 
‘TM-l’ [lo]. ~ossyrubilone, and other imines that form ~ethylation of the meta hydroxyl represents a more 
spontaneously when terpenoid quinones (3a, 3b) are phylogenetically advanced state than the free hydroxyl 
mixed with amines and amino acids at room temp, are group and occurs in all Gossypium species except the 
all bright red pigments. Thus, the pigments in the flat- Old World (Asiatic) species of the A cytogenetic group 
tened envelope cells surrounding the pigment gland sac (Table 4) [19]. Even though most species in the D 
in green tissues most likely are imines formed by reaction cytogenetic group, and G. hirsutum and G. muste~inum 
of diffused quinones (3a, 3b) with proteins or amino acids of the AD group, have the structural gene for methyla- 
in the envelope cells. This con&son contrasts with tion, as can be shown from terpenoids synthesized in 
earlier reports that incorrectly considered gossypol as infected cambiat tissues [19] or young roots [Zl], these 
the only terpenoid in glands and the red pigments of the species do not contain appreciable amounts of methyl- 
gland as anthocyauins [2,3]. The few Gossypium species ated terpenoids in the pigment glands. The diminution 
that contain gossypol (2a) but no quinones (3a, 3b) in of methylation in glands probably is due to a regulator 
glandsoftheleaves(Table4),in fact, haveno red pigmenta- gene, similar to that in G. hirsutum [7], that inhibits 
tion around the gland sac. methylation. Thus, inhibition of methylation in glands 

Phylogeny ofterpe~oid biosynthesis and its regulation 
(less than 5%) coupled with appreciable methylation 
(10-50x) in juvenile tissues (seedling roots or diseased 

The presence or absence of terpenoid quinones (3a, 3b) cambian) is due to both a structural and regulatory gene 
and structural variations in the quinones and their for me~ylation, and is a more phylogenetically advanced 
derivatives (4,5a-h) may be useful in establishing phylo- character than unregulated methylation. The latter is 
genetic relationships among Gossypium species and due to only the structural gene and occurs in similar 
related genera. Gossypium species have been divided, percentages in juvenile tissues and glands. 
based on cytogenetic data, into the groups A, B, C, D, E, Formation of the amphidiploid cotton species (AD 
F,andADasshowninTable4 [29].Speciesineachgroup, group), because of enzymatic complementation, allows 
except AD, are diploids with 13 pairs of chromosomes. the formation of several antibiotic terpenoid aldehydes 
The AD species are amphidiploids,(24 pairs of chromo- that can not be made by the diploid species in either 
somes) formed by the hybridization of an A and D species the A or D groups. Species in the A group readily form 
followed by doubling of chromosome number. The terpenoid quinones and heliocides (Table 4) but appar- 
distributions of terpenoid quinones (3a, 3b) and their ently lack the enzyme and structural gene for methyla- 
heliocide derivatives (5sh) among species (Table 4) tion of terpenoids (Table 4) [ 193. Species of the D group, 
generally support the cytogenetic groupings [29]. The on the other hand, apparently lack the enzyme and struc- 
distributions also give further evidence and amplifica- tural gene for quinone formation but readily form 
tion of phylogenetic relationships previously established hemigossypol methyl ether [19] ahd, except for G. 
by phenetic analysis [30] and show a possible biochemical lobatum and G. raimondii, also contain a regulatory gene 
advantage for formation of the AD amphidipioids. that suppresses methylation in glands (Table 4). Conse- 

With respect to quinone formation, four stages of quently, formation of the AD amphidiploid brings to- 
phylogenetic advancement appear in the tribe Gossy- gether the methylating-control genes of the D species 
pieae. The most primitive chemical state is the inability with the quinone gene of the A species and allows forma- 
to make quinones and is found in the D cytogenetic tion of hemigoss~olone methyl ether (3b) and helio- 
group of Gossypium and in the genera Cienfuegosia, tides B, _4 (Se-h) uniquely in the AD species. In addition, 
Thespesia, and Hampea. The ability to form quinones amphidiploid (AD) species can have high levels of methyl- 
(3a, 3b) but not appreciable amounts of heliocides is ated hemigossypol (lb) and gossypol (Zb, 2c) in young 
probably the next stage of advancement. This character roots and infected tissue coupled with-.predominantly 
is shown by G. ~r~~~yl~urn of the B group, G. sturtianum of unmethylat~d heliodices (H, _ 4 ; 5a-d) in pigment glands 
the C group, and G. tomentosum and G. darwinii of the of the foliage. This unique combination is not possible 
AD group. The ability to form heliocides from only in the diploid A or D species (Table 4). 
ocimene, followed by the ability to form heliocides from Detailed knowledge of the bi~hemi~al and genetical 
ocimene and myrcene, probably represents further bio- variation of terpenoid structure in Gossypium species 
chemical advancement. Species that make heliocides allows the possible development of cotton cultivars with 
predominantly from ocimene include G. herbaceum of new chemical composition of their pigment glands. 

Sesquiterpenaid quinones of Gussyptum 1303 
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Crosses between G. hirsuium and G. hrrrhadense. for 
example, gave F, progeny which fell into six classes 
based on the chemical compositions of their pigment 
glands [7]. Three of these classes did not occur naturally 
m the parent species and therefore were created by the 
interspecies hybridization. Because the different gossy- 
pols (2a-c) and heliocides (Sa-h) do vary considerably in 
their toxicity to tobacco budworm [17,18], and probably 
other insects, rt is desirable to breed into cotton pigment 
glands those chemicals that will give maximum protec- 
tion. Detailed understanding of terpenoid biochemistry 
and genetics in the Malvaceae should facilitate the 
accomplishment of this objective. 

EXPERIMENTAL 

Idatim ofhenligossrlpolone-7-methyl ether (3b) ancI heliocrde 
B, (Se) and B, @II). Young bolls (2-3 days old) of Gossypium 
barbadense L. cv ‘Seabrook Sea Island 12B2’ were collected m 
the field at College Station, Texas, and terpenoids were extracted 
and concentrated as previously described [14. 151. Crude 
terpenords were applied to a SI gel column and &ted with 
EtGAG hexane-HOAc (10:90.0.25) in the following sequential 
order hehocides B, (5e). B, (%I), H, (5a). hemigossypoIone-7- 
methyl ether (3b), heliocide H, (5d). hemtgossypolone (3a). and 
finally gossypol (2a) mixed with its ethers (2b, 2~). Fractions 
contaimng3b. or 5e and% were combined. cone . andchromato- 
graphed on a SI gel column eluted with CHCI,-HCO,H (300: 1). 
Fractrons containing 3b were then chronratographed on a 
Si gel column eluted with Et,@hexane-HCO,H (5:95:0.25, 
solvent 1) and fmally on SI gel TLC developed wtth hexane- 
EtOAc-HCO,H ; (90: 10 :0.25, solvent 2). Hcmrgossypolone-7- 
methyl ether {3b) crystallized from hexane tn two forms (mp 
57.-59” and 72~75’). but usually with mp 57.59 Heliocidcs 
B, (Se) and B, (5b) were further puntied by CC (solvent 1) 
foilowed by TL?Z (solvent 2). and were crystallized from hexane 
heliocides B, (5e). mo 83-87’. and B, (§h). mo 87 X8.5 

Synthesis ;~~~emiaossypolone-7-me;hyl ethei(3b) anti heliocides 
B, (Se) and B.+ (5h) Hemrgossypolone-7-methyl ether (3b) was 
synthesized from hemtgossypol-6-methyl ether (lb) by oxidation 
wtth FeCl, in the presence of HOAc [31]. For the synthesis of 
hehocides, hemigossypotone-7-methyl ether (3b) (75 mg) was 
dissoived in C,H, (0.5 ml), and rags-~-ocimene (6) (10 mf) was 
added. The reaction mixture. under N,. was heated at 90 
for 8 hr and stirred overnight at room temp. Ca the same product 
ratio and yield was achieved by sttrring the reaction mixture 
under N, for 8 days at room temp. Excess ocimene (6) was 
removed as an azeotrope with MeOH (4 x 350ml) on a roto- 
evaporator. The crude product was separated by Si gel TLC 
developed with hexane-Et,O-HCO,H (90 : 10 :0.5). The upper 
band (Rs 0.5) was heliocide B, (5e) (44.8 mg), and the lower 
band was heliocide B, (5h) (21.0 mg). Residual ocimene (6) 
moved with the solvent front. Helioctdes B, (5e) and 3, (5h) 
each were then chromatographed on SI gel plates developed 
4 x m hexane-Et,O-HCO,H (95 : 5 :0.5) before the compounds 
were removed. Heiiocide B, (5e) gave crystals with mp 83-86’ 
(hexane) and mmp with naturally occurring heliocide B, of 
83-87” Helionde B4 (5h) gave crystals with mp X5-89‘ (hexane) 
and mmp wtth naturally occurrmg hehoctde B, of 86-89”. 
Heliocide B, (5h) was less stable than heliocrde B, (5e) during 
purification and in soln, but it was stable in its crystalline state 

Spectraofhemi~oss~polone-7-methplether(3b).MS(Probe30‘): 
m/e(rel.int.f288*fC,,H,,O,,87),274(19),27?*IC,5H,,O,.100~, 
271(lt),258f131,245+(C,,H,304,16~23l~IO~~i0*~C,~H,,,O,, 
33),229ilSt.227(10),217~15f, 128110). 115tl_t~,Y~~1~~,::~10). 
UV i.zyy3 nm (F): 378 (2300), 305 (11 100). 268 t25700). 261 (sh): 

t Mention of a trademark, proprietary product, or vendor 
does not constitute a guarantee or warranty of the product by 
the U.S. Department of Agriculture and does not imply its 
approval to the exclusion of other products or vendors that 
may also be smtable. 

J1~~H’HE’ nm (8): 362 (2500), 302 (sh), 266 (22900): A~‘HiNroti nm 
(c) 528 (300@), 323 (11600), 239 (23700). ‘H-NMR (CDCI,): 6 
1.36 (6H, d), 2.14 (3H. bs), 3.98 (3H. s). 4.03 (lH, sept). 6 60 (1H. 
bs), 10.49 (1H. s). 12.65 (lH. s, exchanged with D,O) IR v”,z: 
cm-‘: 1665, 1645. 

Specfru of‘ketiocide B, (5e). MS (Probe 70 )- nt,!e (ml. mt ) 124 
(8),328(15),327(31),290(17).289(57),249(10),136(12),135(1~~, 
107 (13) 93 (40). 91 (15). 69 (24). UV E.zt:” nm (6): 350 (3800). 
267 (31000); I.~~H!HC’ nm (c): 348 (3500). 265 (29800); E.~$“‘““OH 
nm (8): 385 (6300) 339 (9700). 276 (20500). ‘H-NMR (CDCI,): 
6 1.34(6H.d). 1.35(3H,s). 1.44(3H,bs), 1.57(3H.bs), 179(3H,bs), 
2.0 2.8 15H. m). 3.24 (IH. d). 3 72 (lH, sepr). 3.99 (3H, s). 4.95 
(1H. m). 5.35 (1H. ml, IO 13 (IH. s), 1271 (IH. Y. exchanged 
w&h D,O), IR @,,z: cm r : 1690, 1650. 

Spectra of heliocide B, (5hl. MS (Probe 100’) m/e (rel. int.): 
424 (8), 355 (15). 337 (IO), 328 (17) 327 (12), 290 (53), 259 (24) 
249 (12) 241 (16). 149 (28). 147 (38), 136 (16). 135 (100). 129 (90). 

113(21~.112~38~.111~16~.107~11~.93~36~.91~14~.84~11~.83(16~. 
81 (11),‘71 (29). 70 (26). 69 (44). UV j.zt:‘3 nm (E): 352 (3600) 268 
(32700): I.~~H’HC’nm (c), 364 (2800). 298 (sh), 266 (35 200): 
iE$nNaoH nm (E): 377 (sh), 339 (172OO), 291 (22800), 266 (228t~O), 
255 (sh). ‘H-NMR (CDCI,): 6 1 38 (6H. d), 1.39 (3H. s), 1 46 
(3H,bs), 156(3H. bs). 1.74(3H. bs), 1.7-2.1(5H.t~~),3.14(IH,tn), 
3.84 (IH, se@). 400 {3H, s). 4.95 (lH, m). 5.43 (tH, m), 10.31 
(153, s), 12.98 (IH, s, exchanged with D,O). IR ~~~~crn-‘: 
1629, 1655. 

Isolation of gossyrubilone (4) Terminal leaves of Gossypwm 
hirsutum cv ‘TM-l’ were collected from the field and freeze dried. 
Driedleaves(2OOg)wereground to6Omesh.andcrudeterpenoids 
were extracted and prepared as described prevtously [Zl]. 
Gossyrubilone was purified by PLC using cyclohexane- $e,CG 
(9:l). CHCl,- HCO,H (2OO:l) and Et,O--hexane-HCO,H 
(25 :75 : 1) in &cces&e stages of purdica&on. In each systgm 
gossyrubtlone was the only red pigment wtth an R, greater 
than 0.1. Crystall~atIon from cyclohexane yielded 12 mg of 4. 

S.v~thesiso~gossyrubz~o~e(4). HemigossypoIone(3a)(5 mg)was 
dtssolved in deuterobenzene (0.5 ml) and a catalytic amount of 
deuteroacetrc acid in a 5 mm NMR tube. Isomylamine (30 ul) 
was added, and a red colour developed on mtxmg. In the NMR 
spectrum of the reaction mixture, the aldehyde proton of hemt- 
gossypolone (5 10.59) was completely replaced m a few mm by 
an imtne proton at 6 9.65. The crude soln was added to EtaO. 
extracted successrvely with dilute HCJ, HaO, and NaCl soln. 
The NMR spectrum (CDCI,) Indicated a compIex serves of 
peaks in the region of6 1.3. and the mp of the crystals was broad 
(128-140”). After 24 hr. wtth no addttional puriftcation. the 
NMR spectrum was much cleaner and the mp had narrowed to 
136-142’. The initial product was probably a mixture of svn- 
and anti-isomers that eqmlibrates to the anti-isomer upon 
standing. 

Spectra ofgossyrubilone (4). IR ?~‘j~ cm-’ : 1655, 1629, 1543, 
1500, 1431.1320. 1282 and 1258. UV A::” nm (c): 513.5 (2700), 
400 (sh), 351.5 (7900) 269.5 (21800). 236 (18500). 216.5 (21000) 
~‘““““‘nrn,~, >I I :t”tru J~~(sh),351.5~67~),269.5~2~7~), 
‘I>&:’ )11(11 <I’**’ + ‘*I nm I’ I i77(2200), 35S~sh).254 5(21000); 
MS (Probe, 90”): m/e (xl. int.) 343 ( 100. CZ,H,,NO,I, 329 (12). 
328(50).259(18~,258(65,C,~H,,0,).257(22).256(57,C,~H,,O,), 
255 (14). 244 (14). 243 (60). 242 (15), 241 (51), 230 (13). 229 (IO). 
128(11), 115(10),88(13),86(21),69(10),57(10).NMR(CDC1,~: 
60.98(6H,d), 1.40(6H.d), 1.70(3H,m),2.10(3H. bs).3.66(2H,r), 
3.86 (IH. sept), 6.43 (lH, bs), 9.65 (IH. s). 

Survey of terpenolds w tissues and species. Seeds of Gossypium 
spp. and related genera in the tribe Gossypieae were from the 
species collection maintained by P A. Fryxell at Texas A&M 
University. College Station, Texas. U.S.A. Seeds of Bombax 
rnff~#bari~urn were obtained from John Brudy’s Rare Plant 
Houset, P.O.B. 1348, Cocoa Beach, Florida. U S A Plants of 
all wtld species were grown in the greenhouse at College 
Station. Texas and were sampled when 2 and 4 months old. 
Comparisons of terpenoids in plant parts (Table 4) were made 
from Gossypzum hirsutum L. cvs ‘Acala SJ-I‘. ‘TAMCOT 
SP-37’. and ‘Stoneville 213’. and Gossypw~~ barbadense cvs 
‘Scabrook Sea Island 12B2’. ‘Tanguts 66-l’ and ‘Ptmn S-2 
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grown in the field. Tissues were harvested about 2 weeks after 
flowering began. Similar results were obtained for each cultivar 
within a species; therefore, only data for the species is given. 

Crude terpenoids were extracted from whole tissues by two 
methods. (a) Fresh tissue (2 g) was extracted with Et,G for 
1 min and then 10 min followed with EtOAc for 50 mm The 
extracts were combmed, reduced to dryness in vacua at 30’ and 
taken up in a minimal volume of EtOAc for TLC. (b) Fresh 
tissue (2 g) was immersed in 2.5 ml of a sohi containing 90% 
EtOH and 10% of an aq. I”/, soln of Na*HSO,. After sitting 
overnight, 4.5 ml 9 % NaCl soln containing 17; HCI was added. 
The organic layer, which floated to the top of the tube, was 
applied directly to Si gel TLC. Best results were obtained with 
unactivated TLC plates that were air dried overnight at 40 60 *? 
r.h. Plates were developed two-dimentionally with Et,O- 
hexane-HCO,H (15 : 85 :0.5) and cyclohexane-Me,CO (95 : 5) 
to estimate quinones (3a, 3b) and heliocides (5a-h), and with 
cyclohexane-Me,CO-HCO,H (80:20:0.25) and Et,O-hcx- 
aneHCO,H (1.5 :85 :0.5), developed twice with intermittent 
drying, to estimate hemigossypol (la), gossypol (Za), and their 
ethers (lb, 2b, 2~). Plates were sprayed with a fresh mixture of 
equal amounts of 5 X phloroglucinol in EtOH and cont. HCl. 
Hemigossypol (la), gossypol (ta), and their ethers (lb, 2b, 2~) 
formed rose to magenta colours; qumones (3a, 3b) gave magenta 
to maroon colours ; and heIi~ides(5a-h)formed yellow to orange 
colours. Quantities of compounds were estimated from spot 
size and colour intensity. The localization of terpenoid alde- 
hydes to glands was ascertained by histochemical observations 
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