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Abstract-Hemigossypol-6-methyl ether, reported to be present in the root bark of Bombax malabaricum, has been 
shown to be isohemigossypol-l-methyl ether. Isohemigossypol-1,Zdimethyl ether, %formyl-7-hydroxy-5-isopropyl-2- 
methoxy3-methyl-l+naphthaquinone, 7-hydroxycadalene and an unidentified phenolic compound have also been 
isolated. Long range couplings in the ‘H NMR spectrum of isohemigossypol-l-methyl ether have been established by 
decoupling experiments. 

INTRODUCTION 

Extracts of the root bark of Bombax malabaricum 
(Bombacaceae) were first studied by Seshadri et al. who 
isolated a naphthol [l] and two naphthaquinones [2] to 
which they assigned the structures lb and 2a and 2b, 
respectively. Hemigossypol (la) and its 6-methyl ether 
(lb) were subsequently isolated from diseased stele tissues 
of Gossypium barbadense by Bell et al. [3] who reported 
that the mp and UV and NMR spectra of their methyl 
ether were slightly different from those of the methyl ether 
of Seshadri et al. [l 1. A compound isolated from a 
similarly infected Gossypium sp. was assigned the 
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isohemigossypol structure 3a by Sadykov et al. [4]. Veech 
et al. [5], however, showed by the use of double resonance 
experiments that Sadykov’s compound was identical 
with their hemigossypol (la). Subsequently, in another 
report Bell et al. [6] discussed the dissimilarity of 
terpenoids in Gossypium and Bombax and suggested that 
Seshadri’s hemigossypol-6-methyl ether (lb), hemigossy- 
polone (2s) and hemigossypolone-7-methyl ether (2b) 
were probably 3c, 4a and 4b, respectively. They also 
suggested that the extracts of Bombax needed further 
study before the structures could be definitely assigned. 
Our continuing research in the chemistry of naturally 
occurring naphthols and naphthaquinones prompted us 
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* Dedicated to Dr. G. S. Sidhu, Director, Regional Research 
Laboratory, Hyderabad, India, on the occasion of his sixtieth 
birthday. 
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to initiate a thorough investigation of the extracts of the 
root bark of B. malabaricum, and from this source we have 
isolated six phenolic compounds and a naphthaquinone 
(BMl-BM7), four ofwhich (BM3, BM4, BM5 and BM7) 
have been characterized. 

RESULTS AND DISCUSSION 

BM7, a white crystalline solid, mp 153” (petrol, 40-W), 
M+ 274.121, C,,H,sO, (talc. 274.1205), was separated 
from the chloroform extract by repeated column 
chromatography and preparative TLC. The UV, IR and 
NMR spectra of BM7 closely resembled that of the 
naphthol provided by Seshadri et al. [l]. 

The chemical shifts of H-2 and H-4 in hemigossypol-6- 
methyl ether were at 6 6.68 and 7.49, respectively, and in 
deoxyhemigossypol (lc) they were at 66.72 and 7.39, 
respectively. H-6 in the latter had the chemical shift at 
6 6.97 [3]. In the ‘H NMR spectrum of BM7, (Fig. l), the 
signals of the aromatic protons appeared as a singlet at 
6 6.90 and a multiplet at 7.65, in close agreement with the 
report of Seshadri et al. [ 11. Since the signal at 6 6.90 was 
aomewhat downfield for assignment to the H-2 of 
hemigossypol-6-methyl ether and was closer to the H-6 of 
deoxyhemigossypol (H-2 of l-hydroxy-8-methoxy-3- 
methylnaphthalene (6 6.74) and 1,8-dimethoxy-3- 
methylnaphthalene (6 6.67) [7]), BM7 was either 
isohemigossypol-l-methyl ether (3b) or isohemigossypol- 
2-methyl ether (3e). Signihcantly, themethyl group of BM7 
was a doublet at 62.42 (J = 1 Hz). This was also in 
accordance with the earlier observations on the double 
bond fixation in 2-methyhraphthalene derivatives, since 
the methyl is split into a doublet in l-hydroxy-2-methoxy- 
3-methylnaphthalene derivatives but not in 1-hydroxy-4- 

methoxy-3-methylnaphthalene derivatives [71 
(J = ca 1 Hz). The other signals from BM7 at 6 1.35 (d, 
J = 7Hz), 3.65 (septet, J = 7Hz), 3.75, 6.23, 11.00 and 
13.90 were assigned to isopropyl methyl, isopropyl 
methine, methoxyl, C2-hydroxyl, aldehyde and C7- 
hydroxyl protons, respectively (Fig. 1). 

Extensive decoupling experiments were carried out and 
acetylation shifts were studied to distinguish between 
structures 3b and 3c. Irradiation of the aromatic proton at 
S 7.65 in BM7 collapsed the doublet aromatic methyl to a 
sharp singlet. Conversely, irradiation at d 2.42 sharpened 
the aromatic proton; the irradiation also partially 
saturated the dissolved water in CDCl, (near the 
isopropyl doublet), and exchange of protons between 
H,O and hydroxy groups transferred the saturation to 
the -OH resonance at 6 6.23 causing a reduction in the 
-OH proton signal. Irradiation of -OH at 5 6.23 
eliminated the water peak in the same way, but only 
decreased the other hydroxyl peak slightly, since the latter 
was hydrogen-bonded so strongly that it underwent 
exchange much more slowly. The other aromatic proton 
at S 6.90 coupled with the isopropyl methine proton to 
give a broadened signal which sharpened on irradiation at 
S 3.65 (Fig. 2). The methine proton was also coupled with 
H-4, and irradiation at 6 3.65 apparently changed the H-4 
signal to an unresolved quartet due to the aromatic 
methyl coupling. Thus the position of the isopropyl CH 
proton seemed to be maintained favourably for coupling 
through five bonds to H-4 at 6 7.65. 

The reverse decoupling experiment at 6 6.90 sharpened 
the aldehyde proton. This five-bond coupling could be the 
cause of the apparent doublet of the aldehyde peak. 
Irradiation of the aldehyde peak at fi 11.00 sharpened the 
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Fig. 1. ‘H NMR spectrum of BM7. 
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Fig. 3. ‘H NMR spectrum of BM7 irradiated at 2.4. 

derivatives of isohemigossypol are reported for the first 
time, although hemigossypol and its derivatives are 
already known. 

BMS, a white crystalline solid, mp 113-114” (petrol 
60-80”), M+, 214.13575, C,,H,,O (requires 214.135765) 
was identified as 7-hydroxycadalene (5) by comparison of 
its UV, IR and ‘H NMR spectra with those of a sample 
supplied by Dr. Rowe. In its mass spectrum m/z 199 (M+ 
- Me) was the base peak. 

EXPERIMENTAL 

Isolation of BM3, BM4, BM5 and BM7. Powdered, air-dried 
root bark (2oOg), collected at the Regional Research Laboratory 
Campus, Hyderabad, was extracted with CHCl, at room temp. 
for 24, 32 and 168 hr successively. The extracts were similar by 
TLC. The solvent was removed, and the residues were dissolved in 
C,H, and chromatographed over Si gel ( c2OOmesh) using C,H, 
as eluant. This gave some pure BM4 and mixtures. Like fractions 
were combined and subjected to repetitive column chromato- 
graphy and prep. TLC (Si gel) to give pure BM3, BM4, BM5, and 
BM7. BMl and BM2 were semi-solid in nature, and were not 
investigated further. 

Isohemogossypol-1,2-dimethyl ether (3e, BM3). BM3 was 
contaminated with BM2 and BM4. Mixtures of BM2, BM3 and 
BM4 were separated by prep. TLC (Si gel, C,H,-CHCl,, 2: 1) 
followed by column chromatography (gradient elution, petrol, 
60-80”, C,H,) to give BM3, yellow crystalline solid (69mg), mp 
101-102” (petrol 40”); MS (70eV, direct inlet), m/z (rel. int.): 289 
(18). 288 (M+. lOO), 274 (15), 273 (M+ -Me, 83), 259 (M+ 
-CHO, 9), 258 (M+ -CH,O, 41), 257 (M+ -OMe, 38), 128 
(15),115(20),91(16);UVI~~$ nm (log E): 207 (4.32), 228 (4.74), 
250 (4.29), 336-338 (4.02); IR Y,,,:: cm-‘: 3360-3600 (br, OH); 
‘H NMR (79.5 MHz, CDCI,): (5 1.42 (d, J = 7 Hz, -CH (M_e)z), 

2.46 (d. J = 0.9 Hz. Me-3). 3.66 (septet, J = 7 Hz, -CH(Me),. 3.93 
and 4.05 (s, OMe-1 and OMe-2), 7.01 (H-6), 7.70 (quintet, H-4, 
coupled to Me-3 and -CIJ(Me)J ‘HNMR (9OMHz, Ccl,): 
6 11.03 (s, CHO), 13.84 (s, OH-7). 

8-Formyl-7-hydroxy-5-isopropyl-2-methoxy-3-~thyl-l,enaph- 
thaquinone (4b, BM4). Themajor quantity was obtained pure from 
column chromatography (Si gel) and was combined with the pure 
BM4obtainedfromseparationofitsmixturewithBM3andBM5, 
yellow crystalline solid, mp. 82” (MeOH); MS (70eV, direct inlet) 
m/z (rel. int.): 289 (21), 288 (M+, lOO), 273 (M+ -Me, 47), 271 
(M+ -OH, 21), 256 (M+ -MeOH, 15), 245 (25), 217 (18), 213 
(24), 201 (15), 200 (21), 199 (21), 185 (15), 145 (lS), 141 (15), 131 
(15),128(24),127(15),115(32),91(21),77(27),65(15),63(21),51 
(21),39(23);UV1:2 nm (log E): 212 (4.26), 252 (4.06), 279 (4.04), 
287 (4.05), 312.5 (3.63), 337 (3.49); IR v!$‘;cm-‘: 

3530-3310 (br, -OH), 1650, 1665 +=O); ‘HNMR 

(79.5 MHz, CDCl,): 6 1.29 [d, J = 7H2, -CH(I&e),], 2.09 
(s, Me-3), 4.08 (s, OMe-2), 4.33 (septet, J = 7 Hz, -CJJ(Me),), 
7.27 (d. J = co. 0.5 Hz, H-6 coupled to -CIJ(Me),; ‘H NMR 
(60 MH& Ccl,): 6 10.53 (s, -CHO), 12.43 (s, OH-7). 

‘I-Hydroxycadalene (5, BM5). Mixtures of BM4 and BM5 were 
separated by prep. TLC (Si gel, CHCI,) to give BM5, white 
crystalline solid (2.1 mg), mp 113-114”, (petrol 60-80”). MS 
(70eV, direct inlet) m/z (rei. int.): 215 (9), 214 (M+, 50), 200 (18), 
199 (MC -Me, lOO), 185 (M+ -CHO, 8), 184 (25), 183 (9), 171 
(8), 169 (11), 165 (9), 155 (lo), 153 (9), 152 (lo), 129 (S), 128 (12), 
115 (13), 91 (8), 77 (8), 51 (S), 39 (8); UV I”z,OH nm (log E): 235 
(4.45), 285 (3.77), 297 (3.73), 319 (3.30), 332.5 (3.40); IR v,“,” 

-I: 3320 (-OH); ‘H NMR @MHz, CC&): 6 1.38 (d, 
? 7 Hz, -CH (M_e),, 2.47 (s, Ar-I@), 2.50 (s, Ar-MA), 3.68 (m, 
-CFI(Me),), 4.97 (br, -OH), 7.15 (s, H-2 and H-3), 7.19 (d, 
J = 1 Hz, H-8). 7.93 (br, H-5). 
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BM6. The purification and identification of BM6 is in progress. 
Isohemigossypol-1-mefhyl ether (3b. BM7). BM7 was purified 

by repeated prep. TLC and CC (Si gel) using CHCI, as the eluant 
to give a white crystalline solid (7.6 mg), mp 153” (petrol w). 
MS(directinlet 70”)m/z(reLint.):275 (11),274(M+,53),260(19), 
259(M+, -Me,100),256(M+ -H,0,5),244(MC -CH,O,15), 
243(M+ - Me,11),242(5),241(M+ -Me,-H,0,23),213(7),171 
(5), 157 (5), 141 (5), 128 (6), 115 (9), 83 (5), 81 (6), 71 (7), 69 (8), 57 
(lo), 55 (8), 43 (9), 41 (7); UV nE”nrn (logs): 204 (4.08), 232 
(4.71), 275.5 (3.81), 363 (3.99); IR t;;cn-l: 3290 (*H). 

Pharmaceuticals Ltd., Hyderabad and Prof. G. Mehta, 
University of Hyderabad, for the 90 MHz and 100 MHz NMR 
spectra, respectively; Dr. V. Seshadri, Department of Chemistry, 
University of Delhi, for the sample of the naphthol derivative 
from Bombux malabaricum DC; Dr. J. W. Rowe, Forest Products 
Laboratory, Madison, U.S.A., for a sample of ‘I-hydroxy- 
cadalene, and Prof. K. V. N. Rao, Department of Botany, 
Osmania University, Hyderabad, for the identification of the 
plant material. 

2,7-Dimethoxy-8-formyl-5-isopropyl-3-met~y~-~,4-naph- 

thaquinone (4c). BM4 (lOOmg)in CHCl, (IOml), Ag,O (420mg) 
and Me1 (0.50 ml) were shaken at room temp. for 8.5 hr. The soln 
was filtered and coned, leaving a yellow crystalline solid (88 mg), 
mp 117-118” (petrol 40-60”). MS: Mf, m/z 302.115414, 
C,,H,,O, (talc. 302.115425); IR v&F cm-‘: 1715, 1665; ‘H 
NMR (60 MHz, Ccl,): 5 1.27 (d, J = 7 Hz, -CH(Me),), 2.02 (s, 
Me-3), 3.96 and 4.10 (s, OMe-2 and OMe-7), 4.48 (septet, 
J = 7Hz, -CH (Me)*), 7.27 (s, H-6), 10.32 (s, 1 H, -CHO). 
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