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Biologically Active Derivatives of Gossypol: Synthesis and Antimalarial Activities 
of Peri-Acylated Gossylic Nitriles 
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A series of peri-acylated gossylic nitriles were synthesized from gossypol dioxime by treatment of the dioxime with 
the appropriate acid anhydride and its salt. The reaction pathway was elucidated by isolation and characterization 
of intermediates. Peri-acylated gossylic nitriles (acyl = acetyl, propionyl, butyryl, and valeryl) were compared with 
gossypol for activity against both chloroquine-sensitive and chloroquine-resistant strains of Plasmodium falciparum. 
The gossylic nitriles all retain activity, with activity increasing with the length of the peri-acyl group. Gossylic nitrile 
1,l'-divalerate shows antimalarial activity comparable to gossypol itself. The peri-acylated gossylic nitriles are strong 
inhibitors of parasite lactate dehydrogenase. 

Gossypol (l), a toxic disesquiterpene obtained from 
cotton seeds, has been the subject of research in animal 
nutrition for many years.'v2 The toxicity of gossypol 
specifically has limited the use of cotton seed meal as a 
source of dietary protein. This toxicity results, at least in 
part, from reactions involving the two aldehyde functional 
 group^.^ 
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In recent years there has been an increased interest in 
gossypol, due mainly to reports from the People's Republic 
of China that gossypol exhibits antispermatogenic prop- 
erties. Clinical trials, first reported in 1978: continue in 
China and elswhere on the usefulness of gossypol as a male 
antifertility agent. 

Gossypol exhibits biological activities in addition to its 
antispermatogenic activity. These include spermicidal: 
antiviral?' and an t ipa ra~ i t i c~~~  activities. In a preliminary 
reportg we described the antimalarial activity of gossypol 
in vitro against the human pathogen Plasmodium falci- 
parum, and we reported that a derivative of gossypol re- 
tains antimalarial activity.'" In the present study, we 
describe the synthesis of a series of peri-acylated gossylic 
nitriles and report on the antimalarial activities of these 
derivatives against chloroquine-sensitive and chloro- 
quine-resistant strains of P. falciparum. This series of 
compounds was selected because it involves modification 
of the aldehyde functional groups of gossypol, groups that 
are known to contribute to toxicity. 

Chemical Synthesis. Gossylic nitrile 1,l'-diacetate (sa) 
was synthesized by the route shown in Scheme I from the 
previously described" gossypol dioxime (2). A suspension 
of 2 was stirred in acetic anhydride to give a yellow in- 
termediate (3a), which could be filtered off, but which 
darkened on standing and decomposed with an attempted 
recrystallization. The NMR spectrum of 3a has a single 
new peak (6 2.23) corresponding to a pair of chemically 
equivalent acetyl groups. The phenolic hydroxyls of 
gossypol are not acetylated under these conditions. During 
the course of synthesis of 6a, oxime ester 3a was not iso- 
lated, but sodium acetate was added and the reaction 
mixture was heated on a boiling water bath to give the 
bidanhydro oxime) (4a). The NMR spectrum of 4a in- 
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Table I. Antimalarial Activities of Gossypol and peri-Acyl 
Gossylic Nitriles against P. falciparum, in Vitro 

IC,." UM 
~~ 

strain strain 
drug FCB/NC-lb CDC/I/HB-3 

gossypol 13c 7 
gossylic nitrile 1,l'-diacetate 76 36 
gossylic nitrile 1,l'-dipropionate 69 46 
gossylic nitrile 1,l'-dibutyrate 26 21 
gossylic nitrile 1,l'-divalerate 16 12 

ICm represents the drug concentration that produced 50% in- 
hibition of growth of P. falciparum. bStrains FCB/NCI and 
CDC/I/HB-3 are the chloroquine-resistant and chloroquine-sensi- 
tive strains of parasite, respectively. ICw values were obtained 
from plots of the growth inhibition data as shown in Figure 1. All 
experimental points were obtained in triplicate. These triplicate 
points showed a range less than * 5 % .  

dicates the presence of two pairs of equivalent acetyl 
groups and no free hydroxyls. The aldehyde proton signal 
of gossypol (6 11.18) is replaced by one for the benzylimino 
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Figure 1. Inhibition of growth of P. falciparum, strain CDC/ 
I/Hl3-3, by gossylic nitrile 1,l'-divalerate, as determined by uptake 
of [3H]hypoxanthine: LDS0 = 12 pM. 

proton (6 8.90). T h e  b idanhydro  oxime) was previously 
known in the form of its tetramethyl ether.12 Compound 
4a was isolated or was converted directly to gossylic nitrile 
hexaacetate (5a) by bringing the reaction mixture to a boil 
for 30 min. T h e  formation of t he  nitrile was clearly in- 
dicated by a new band at 2230 cm-l in the  IR spectrum. 
T h e  four acetyl groups protecting the  o-hydroxyls of 5a 
were readily removed by refluxing in aqueous methanol 
with potassium carbonate t o  give 6a. Gossylic nitrile 
dipropionate (Bb), dibutyrate (6c), and divalerate (6d) were 
synthesized by exactly t h e  same procedure used for 6a, 
except that the corresponding acid anhydride and salt were 
substi tuted for acetic anhydride and sodium acetate. 

Biological Data. Antimalarial Activities, in Vitro, 
of Peri-Acylated Gossylic Nitriles. T h e  antimalarial 
activities of a series of peri-acylated gossylic nitriles against 
the human malarial parasite Plasmodium falciparum were 
determined in an in vitro assay system. Two cloned strains 
of P. falciparum were used. T h e  activities, expressed as 
ICbo values, for t he  peri-acylated gossylic nitriles and  for 
gossypol against these two strains are listed in Table I. All 
of the compounds are active against both strains of para- 
site. The activity of the  peri-acylated gossylic nitriles 
increases with increased length of the peri-acyl substituent. 
Gossylic nitrile 1,l'-divalerate is almost as active as gos- 
sypol in  both systems. A representative plot is shown in 
Figure 1 for the inhibition of growth of t h e  chloroquine- 
sensitive strain CDC/I/HB-3 by  gossylic nitrile 1,l'-di- 
valerate. 

Inhibition of Parasite Lactate Dehydrogenase by 
Peri-Acylated Gossylic Nitriles. T h e  putative target 
for the antimalarial activity of gossypol is parasite lactate 
dehydrogenase, which is irreversibly inactivated by gos- 
syp01 .~J~  The inhibitory properties of t h e  peri-acylated 
gossylic nitriles against lactate dehydrogenase isolated from 
strain FCB/NClg8'O were determined. T h e  results are 
listed in Table 11. I n  general, the inhibition of lactate 
dehydrogenase by  t h e  peri-acylated gossylic nitriles in- 
creases with increased length of the pen'-acyl group, except 
for gossylic nitrile 1,l'-diacetate, which is a stronger in- 
hibitor of lactate dehydrogenase than would be predicted 
from its antimalarial activity. The peri-acylated gossylic 
nitriles are competitive inhibitors of the binding of NADH. 
A representative plot is shown in Figure 2 for inhibition 
by gossylic nitrile 1,l'-dibutyrate. All of t he  data are  
consistent with the  idea t h a t  parasite lactate de- 
hydrogenase is t h e  target site for these compounds. 

(12) Adams, R.; Geissman, T. A. J .  Am. Chem. SOC. 1938,60,2184. 

Table 11. Inhibition of Lactate Dehydrogenase from a 
Chloroquine-Resistant Strain (FCB/NC-l) of P. fakiparum by a 
Series of Peri-Acylated Gossylic Nitriles 

drue K;," M 
gossylic nitrile 1,l'-diacetate 
gossylic nitrile 1,l'-dipropionate 
gossylic nitrile 1,l'-dibutyrate 
gossylic nitrile 1,l'-divalerate 

8.3 x 10-7 

6.2 x 10-7 
3.3 x 10-7 

1.1 x 104 

Ki values .were obtained from double-reciprocal plots of the in- 
hibition kinetics determined in 0.025 M Tris, pH 7.5, using 10 mM 
pyruvate as the fixed substrate and NADH as the varied substrate. 
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Figure 2. Inhibition of parasite lactate dehydrogenase by gossylic 
nitrile 1,l'-dibutyrate. Initial rates were determined in the absence 
of drug (0) or in the presence of 0.625 pM (A), 1.25 pM (O), or 
2.50 pM (0) drug. NADH is the varied substrate, S. Inhibition 
is competitive, Ki = (6.2 & 0.2) X lo-' M. 

Experimental Section 
Melting points were determined on a VWR Scientific Elec- 

trothermal capillary melting point apparatus and are uncorrected. 
Infrared spectra were obtained on a Beckman IR-33 spectro- 
photometer in KBr pellets. Those IR bands are given that clearly 
indicate the nature of a structural change accomplished in a 
synthetic step or series of steps. The 'H NMR spectra were taken 
with a Varian FT 80-A (80-MHz) spectrometer, and chemical shifts 
are reported in 6 units downfield from Me4Si. The samples were 
dissolved in CDCl,, and the residual CHC13 signal was used as 
an internal standard. The gossypol acetic acid used in this re- 
search was provided by the Southern Regional Research Center 
of the USDA. Solvents and other chemicals were reagent grade. 
Gossypol dioxime (2) was prepared by heating gossypol with 
neutralized hydroxylamine hydrochloride in ethanol according 
to the method of Clark." 

Gossypol Bis(anhydro oxime) Tetraacetate (4a). One gram 
(1.8 mmol) of 2 was stirred in 5 mL of acetic anhydride for 5 h 
at room temperature. Freshly fused and powdered sodium acetate 
(1 g) was added to the light-yellow suspension, and stirring was 
continued for 2 h. The reaction flask was then placed in a water 
bath, which was slowly heated to boiling over a period of 30 min 
and held at boiling for an additional 30 min. The reaction mixture 
was allowed to cool, poured onto 50 g of ice, and stirred until the 
acetic anhydride was hydrolyzed. The light-yellow crude product 
was filtered off, washed with water, and recrystallized from 
methanol/acetone to give 800 mg (1.18 mmol, 65%) of 4a as white 
microcrystalline plates: mp 210-215 OC; IR 1775 (acetyl) cm-l; 
NMR 1.61 (d, 12 H, J = 7 Hz), 2.05 (s, 6 H), 2.36 (s, 6 H), 2.59 
(a, 6 H), 4.02 (m, 2 H, J = 7 Hz), 8.21 (s, 2 H), 8.90 (s, 2 H). Anal. 

Compound 4a was 
prepared as described above, but was not isolated. Instead the 

(C~J%&J-$~O) C t  H, N. 
Gossylic Nitrile Hexaacetate (5a). 
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reaction flask was taken off the boiling water bath, placed on a 
hot plate, and brought to a slow boil for 30 min. The reaction 
mixture was then cooled and hydrolyzed on 50 g of ice. The 
product was filtered, washed with water, and recrystallized from 
methanol/acetone to give 980 mg (1.28 mmol, 71%) of white, 
microcrystalline 5a: mp 281-284 “C; IR 2230 (nitrile) cm-’; NMR 
1.52 (d, 12 H, J = 7 Hz), 2.08 (9, 6 H), 2.28 (s, 6 H), 2.48 (s, 12 
H), 3.85 (sept, 2 H), 8.13 (s, 2 H). Anal. (Cd2HMN2Ol2) C, H, N. 

Gossylic Nitrile 1,l’-Diacetate (6a; 6,6’,7,7’-Tetra- 
hydroxy-3,3’-dimet hyl-5,5’-bis( I-met hylet hy1)- 1 ,l’-bis (et ha- 
noyloxy)[2,2’-binaphthalene]-8,8’-dinitrile). Compound 5a 
(500 mg, 0.65 mmol) was added to 5 mL of methanol. One 
milliliter of water and 500 mg of potassium carbonate were added, 
and the mixture was refluxed for 30 min. The mixture was allowed 
to cool and was acidified by dropwise addition of acetic acid. Ten 
milliliters of water was added, and the reaction mixture was 
chilled. The off-white product was filtered, washed with water, 
and dried. It was recrystallized once from methanol/water and 
once from toluene/acetone to give 275 mg (0.46 mmol, 71%) of 
microcrystalline needles: mp 300-302 “C dec; IR 2220 (nitrile), 
1765 (acetyl) cm-’; NMR 1.58 (d, 12 H, J = 7 Hz), 1.98 (s, 6 H), 
2.24 (s, 6 H), 3.96 (sept, 2 H, J = 7 Hz), 6.4 (br s, 4 H), 7.98 (s, 
2 H). Anal. (C34H32N208) C, H, N. 

Compounds 6b-d were synthesized by using the same proce- 
dures and molar ratios of the corresponding acid anhydrides and 
acid salts that were used for 6a. Intermediates were not isolated, 
and yields are based on 2 as starting material. 

Gossylic Nitrile 1,l’-Dipropionate (6b; 6,6’,7,7’-Tetra- 
hydroxy-3,3’-dimethy1-5,5’-bis( 1-methylethy1)-1,l’-bis(pro- 
panoyloxy)[2,2’-binaphthalene]-8,8’-dinitrile). Compound 6b 
was recrystallized from toluene to give a tan powder in 62% yield 
darkened at  145 “C, dec without melting; IR 2220 (nitrile), 1770 
(propionyl) cm-’; NMR 0.69 (t, 6 H, J = 7 Hz), 1.52 (d, 12 H, J 
= 7 Hz) 2.21 (s, 6 H), 2.24 (9, 4 H, overlaps 2.214, 3.96 (sept, 2 
H, J = 7 Hz), 6.05 (br s, 4 H), 7.93 (9, 2 H). Anal. (C36H36N208) 
C, H, N. 

Gossylic Nitrile 1,l’-Dibutyrate (6c; 6,6’,7,7’-Tetra- 
hydroxy-3,3’-dimethy1-5,5’-bis( 1-methylethyl)-1,l’-bis( buta- 
noyloxy)[2,2’-binaphthalene]-8,8’-dinitrile). Compound 6c 
was recrystallized from toluene to give tan microcrystalline plates 
in 58% yield: darkened at  150 “C, dec without melting; IR 2240 
(nitrile), 1775 (butyryl) cm-‘; NMR 0.43 (t, 6 H, J = 7 Hz), 1.10 
(m, 4 H), 1.51 (d, 12 H, J = 7 Hz), 2.20 (s, 6 H), 2.27 (t, 4 H, 
overlaps 2.20s), 3.96 (sept, 2 H, J = 7 Hz), 6.05 (br s, 4 H), 7.91 
(s, 2 H). Anal. (C,8H40N208). C, H, N. 

Gossylic Nitrile 1,l’-Divalerate (6d; 6,6’,7,7’-Tetra- 
hydroxy-3,3’-dimet hyl-5,5’-bis( 1-methylethyl) 1,l’-bis( pen- 

tanoyloxy)[2,2’-binaphthalene]-8,8’-dinitrile), Compound 6d 
was recrystallized from toluene to give a tan powder in 58% yield: 
softened at  135 OC, dec without melting; IR 2230 (nitrile), 1765 
(valeryl) cm-*; NMR 0.47 (t, 6 H, J = 7 Hz), 0.92 (m, 8 H), 1.53 
(d, 12 H, J = 7 Hz), 2.22 (s, 6 H), 2.29 (t, 4 H, overlaps 2.22s), 
3.96 (sept, 2 H, J = 7 Hz), 6.05 (br s, 4 H), 7.93 (5, 2 H). Anal. 
(Cd&4NzOs) C, H, N. 

Strains of P. falciparum. The chloroquine-resistant strain 
FCB, a Colombian strain of P. falciparum, was cloned by limiting 
dilution. The clone used in the present study is denoted as clone 
NC-1. The chloroquine-sensitive strain of P. falciparum, strain 
CDC/I/HB-3, is a Honduras strain that was cloned by Prof. W. 
Trager, Rockefeller University. This clone was obtained from 
the Malaria Branch, Center for Disease Control, Altanta, GA, with 
permission from Prof. Trager. 

Parasite Growth. P. falciparum was grown in vitro in human 
erythrocytes. Culture dishes contained 2% erythrocytes in RPMI 
1640 medium supplemented with 5 mM glutamine, 35 mM Hepes, 
24 mM sodium bicarbonate, and gentamicin, 33 mg/L. The 
medium contained 10% (v/v) horse serum, pH 7.2. Parasite 
growth was monitored by measuring the uptake of [3H]hypo- 
xanthine and its incorporation into nucleic acid. Aliquots of media, 
250 pL, containing parasitized erythrocytes, 0.5% parasetemia, 
were added to microtiter wells. Drug at  the appropriate con- 
centration was added to the wells in 1 pL of Me2S0. Control wells 
received 1 pL of Me2S0. Samples were run in triplicate at  each 
concentration of drug. After addition of the drug, [3H]hypo- 
xanthine (New England Nuclear), 0.5 pCi, was added to each well. 
Microtiter plates were incubated for 3 days, 37 “C, in 595 C02/air, 
after which the contents were collected on glass fiber filters, using 
a cell harvester. The filters were washed with distilled water and 
then were counted by liquid scintillation. In separate experiments, 
the [3H]hypoxanthine was omitted, and parasite growth was 
monitored by differential cell counting of Giemsa-stained slides. 
This confirmed that the uptake of [3H]hypoxanthine provided 
a good indication of parasite growth. 
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Centchroman [dl-3,4trans-2,2-dimethyl-3-phenyl-4-[p-(~-p~olidinoethoxy)phenyl]-7-methoxychroman hydrochloride], 
an antifertility agent under clinical evaluation, has been resolved into its optical enantiomers. The cytosol estrogen 
receptor binding affinity and estrogenic, antiestrogenic and antiimplantation activities of the two enantiomers have 
been determined. The enantiomers display a 7-fold difference in receptor affinity, and a corresponding difference 
in stimulation of the uterine growth and antiimplantation activity was observed in rats. 

As a result of studies carried out in this laboratory on 
estrogen receptor (ER) binding t o  various types of di- and 
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triarylethylenes, -ethanes4 and - a l k a n ~ n e s , ~  some gener- 
alizations have emerged for t h e  contribution of different 
substituents of the prototypes of ligand-receptor binding 
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