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T a b l e I. In Vitro Assay of Cer ta in Quinoxaline 
Der iva t ives in Coenzyme Q E n z y m e Systems, 
D P N H - O x i d a s e and Succinoxidase 
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for 1 week at room temperature, and the resulting orange precipi
tate was collected by filtration. Fractional recrystallization from 
EtOH-Et 2 0-CHCl 3 and CHCl3-EtOH gave ~300 mg of 1, mp 
144-145°, as bright orange crystals (yield 13.2%); recrystalliza-
tions from EtOH of solids from filtrates gave ~600 mg of 2, mp 
81-83° (yield 17.2%). Anal. (1, C20H30N2O2S) C, H, N, S. Anal. 
(2, C32H54N202S2)C,H, N, S. 

6-n-Dodecylmercapto-5,8-quinoxalinequinone (3). 6-n-Dodec-
ylmercapto-5,8-dihydroxyquinoxaline (1, 1.0 g, 2.76 mmol) dis
solved in EtOH-CHCl3 was treated with FeCl3 (3 g, 18.5 mmol, 
in H 2 0) . The CHC13 layer separated and was collected. Further 
CHCI3 extractions were made, and the combined CHCI3 extracts 
were dried (anhydrous Xa 2 S0 4 ) . Addition of hexane to the con
centrated CHCI3 extracts gave ==;860 mg of yellow crystals. Re-
crystallization from CHCl3-EtOH~Et20 yielded =^760 mg of 3, 
mp 152-153° (yield 76.5%). Anal, (sample of 3, mp 152-153° from 
another preparation) (C20H28N2O2S) C, H, N, S. 

6,7-Di-n-dodecylmercapto-5,8-quinoxalinequinone (4). 6,7-
Di-rc-dodecylmercapto-5,8-dihydroxyquinoxaline (2 g, 3.55 mmol) 
was prepared in a manner similar to that described for the syn
thesis of 3, except the CHCI3 extracts were allowed to evaporate 
at room temperature to a solid residue. The residue was recrystal
lized from EtOH-Et 20-hexane (filtered) two times to yield =705 
mg of orange crystals, mp 72-73° (yield 35.5%). Anal, (sample of 4, 
mp 72-73° from another preparation) (C32H52N202S2) C, H. N. 
S. 

6-rc-Dodecylmercapto-5,8-diacetoxyquinoxaline (5). 6-n-
Dodecylmercapto-5,8-dihydroxyquinoxaline (1, = 100 mg, 0.276 
mmol) was treated with excess acetic anhydride and a catalytic 
amount of H2SO<i. After 1 day, addition of ice to the reaction 
mixture caused the mixture to boil vigorously for a few seconds. A 
white solid precipitated upon addition of more ice. The reaction 
mixture was filtered to yield a white solid which was recrystal
lized from E tOH-H 2 0 and E tOH-Et 2 0 (charcoal, Celite, corn
starch) to give a white powder tinged with yellow, mp 107-108°, 
This material was recrystallized from EtOH-Et 2 0 and then 
E tOH-Et 2 0 (charcoal, Celite, cornstarch) to yield crystals, mp 
110-112°. Anal. (5, C24H34N204S) C, N, S; H: calcd, 7.67; found, 
7.27. 

6-u>-Cyclohexylpentyl-5,8-quinoxalinequinone (6). 5,8-
Quinoxalinequinone6 (1.0 g, 6.24 mmol) in HOAc was treated 
with crude di-cu-cyclohexylhexanoyl peroxide in a manner similar 
to the syntheses of certain alkylated 5,8-quinolinequinones de
scribed by Pratt and Drake.7-8 The acid peroxide was prepared 
from oj-cyclohexylhexanoic acid (5.0 g, 25.2 mmol) by a procedure 
similar to that described for other alkanoyl peroxides by Silber 
and Swern,9 except 30% H 2 0 2 was used. The reaction mixture 
was stirred at = 80-90° for 8 hr and then was stirred at room tem
perature over the weekend. Acetic acid was removed in vacuo, 
and the oily residue after the addition of H 2 0 was extracted re
peatedly with E t 2 0 and/or CHCI3. Addition of hexane to the 
ether extracts yielded an orange powder. Repeated recrystalliza-
tions from Et20-CHC13 , and Et 20-EtOH-hexane gave bright or
ange crystals, mp 139-141° Anal. (6, C19H24N202) C, H, N. 
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Among a n u m b e r of 8-aminoquinol ines synthesized dur
ing World War II, p a m a q u i n e 1 - 2 (1 , R = C 2 H 5 ) and pri
m a q u i n e 3 ( 1 , R = H) were found to exhibi t good prophy
lactic an t ima la r i a l act ivi ty in an ima l s 4 - 5 and in m a n . 6 

The major d rawback to the use of these compounds is 
their toxic i ty—the most severe being acute hemolyt ic ane
mia, par t icular ly in persons whose red blood cells are sus
ceptible to drug- induced hemolysis due to g lucose s -phos 
pha t e dehydrogenase deficiency.7 Neurotoxici ty produced 
by cer ta in 8-aminoquinol ines has also been noted . 8 
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Prophylac t ic an t ima la r i a l act ivi ty has also been ob
served in cer ta in 6-aminoquinolines of type 2 . 1 - 9 - 1 1 Again 
the high toxicity of these compounds in exper imenta l ani
mals h a m p e r e d real izat ion of their clinical usefulness. 
Previous s t ruc tura l modification s tudy on compounds of 
type 1 disclosed t h a t reduct ion of the pyridine ring of 
these 8-aminoquinol ines resul ted in compounds with infe
rior an t ima la r i a l ac t iv i ty . 1 2 - 1 3 Since reduct ion of the pyri
dine ring system not only destroys the p lanar i ty of the 
pa ren t ring s t ruc ture , bu t also increases the basicity of 
the ring ni t rogen, it suggests t ha t an increase in basicity 
of the ring system may have an adverse effect on a n t i m a 
larial act ivi ty. This information, together with the fact 
t h a t compounds with more t h a n one basic center in the 
quinoline ring (as exemplified by the synthesis of a n u m 
ber of 1,2-, 1,3-, 1,4-, 1,5-, and 1,7-diaza analogs) do not 
show the expected high an t imala r i a l act ivi ty , 4 - 1 4 1 6 

implies t h a t the ni t rogen a tom in the quinoline ring m a y 
not be entirely necessary for t he act ivi ty . T h i s pos tu la t ion 
has been suppor ted by reports t ha t : (1) it is the a l iphat ic 
side chain (somet imes together with the methoxyl func
tion) ra the r t h a n the ring which cont r ibutes to the bind
ing of these compounds to some enzyme system and nu
cleic a c id s ; 1 7 - 1 9 (2) in another series of an t imala r ia l com
pounds whose mode of act ion may be different, act ivi ty is 
not only re ta ined bu t increased by replacing the quinoline 
uni t of quinol ine amino alcohols with a n a p h t h a l e n e r ing . t 

tJ. S. Gillespie, personal communication (WRAIR Antimalarial Confer
ence. July 14, 1973). 
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The la t te r resul ts in e l iminat ion of the t roublesome 
phototoxici ty normal ly associated wi th 2-arylquinoline 
amino alcohols . 2 0 

Synthes is of some analogs of 1 a n d 2 was therefore in
ves t iga ted wi th the hope t h a t these n a p h t h a l e n e deriva
tives m a y lead to compounds wi th causal prophylac t ic ac
tivity and more favorable t he rapeu t i c indices. Init ially, 
compounds 3, 4a, and 4b were s tud ied . For comparison, 
synthesis of the deaza analog 5 of chloroquine. a 4-amino-
quinoline, was also carr ied out. 
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Chemistry . For the synthesis of t he d e a z a p a m a q u i n e 3, 
the key in t e rmed ia t e , 3 -me thoxy- l -n i t ronaph tha lene (8b), 
was p repared from a - n a p h t h y l a m i n e (6a) by the me thod 
of Morgan and E v a n s , 2 1 with some modificat ion. T h e d-
naph tho l 8a was ob ta ined by hydrolysis of t he d in i t ronaph-
thylaminesul fona te followed by diazot izat ion (to yield 
7) and reduct ion . Methy la t ion of the naph tho l 8a was 
convenient ly carried out in D M F with CH3I, and the crude 
ether 8b was purified by chromatography . Hydrogenat ion 
of the purified ni t ro compound 8b proceeded smoothly to 
furnish fairly pure l - amino-3 -me thoxynaph tha l ene (8c) 
in good yield. The la t te r was converted into the target 
compound 3 th rough the Schiff base 9 by hea t ing with the 
d imethyl ketal of 5-d ie thylamino-2-pentanone in the pres
ence of ac id , 2 2 followed by N a B H 4 reduct ion . 

NHR, 
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9 

4 -Methoxy-2-naph thy lamine 2 3 - 2 4 (10b) was condensed 
with the d imethy l ketal of 5 -d ie thy lamino-2-pen tanone 2 2 

to give the Schiff base 11a, which yielded 3-(4-diethylam-
i n o - l - m e t h y l b u t y l a m i n o ) - l - m e t h o x y n a p h t h a l e n e (4a) on 
reduct ion . 

Using the procedure of Inoue, et al.,25 l ,4-dimethoxy-2-
n i t ronaph tha l ene (lOd) was p repared from 1,4-naphtho-
quinone via 10c. Reduct ion of the ni t ro compound lOd 

was best carr ied out by ca ta ly t ic hydrogenat ion with 
P d / C ra the r t h a n Raney nickel as described in the origi
nal l i t e ra tu re . 2 5 The resul t ing amine lOe was condensed 
with the aforementioned ace ta l 2 2 to yield l i b , which was 
reduced to give 2 - (4 -d ie thy lamino- l -me thy lbu ty lamino) -
1 ,4-d imethoxynaphthalene (4b). 
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Refluxing a mix ture of 6 -ch lo ro - l -naph thy lamine 2 6 - 2 7 

(12a) and p-toluenesulfonyl chloride in pyridine yielded 
6-ch loro- l - (p- to luenesul fonamido)naphtha lene (12b). T h e 
la t ter was converted to 6-chloro-l-[[A r-( l -methyl-4-diethyl-
aminobuty l ) ] -p - to luenesu l fonamido]naphtha lene (12c) by 
successive t r e a t m e n t wi th sodium ethoxide and the hydro-
bromide salt of 4 -b romo- l -d i e thy laminopen tane . Wi thou t 
isolation, compound 12c unde rwen t acid hydrolysis to give 
the deazachloroquine analog 5. 

CI 

12a.X = NH2 

b.X = NH-tosyl 
c X = N(tosvDCH(CH.>)iN(C,H,), 
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Biolog ica l Act iv i ty . The d e a z a p a m a q u i n e 3 was found 
to be wi thout prophylac t ic act ivi ty in the sporozoite-in-
duced mouse (IIT) t e s t . 2 8 In the sporozoite- induced chick 
(Rane) t es t , 2 9 no act ivi ty was noted bu t toxicity was ob
served at 60 m g / k g . Compound 4a was shown to be with
out act ivi ty but was toxic at 120 m g / k g in chick tes ts . On 
the other hand , compound 4b had a quinine equivalent of 
14 for SD90 (daily dose required for 90% suppression of the 
paras i t emia) and Q - 20 for SD70 (Thompson) . 3 0 T h e 
compound showed some act ivi ty in the sporozoite- induced 
mouse test a t 10 m g / k g bu t was toxic a t 160 m g / k g . T h e 
deazachloroquine 5 was found to be devoid of an t imala r ia l 
act ivi ty. In view of possible impl ica t ions of carcinogenici
ty of /3-naphthylamines, work in this area will not be con
t inued in our laborator ies . 

E x p e r i m e n t a l Sec t ion 

Where analyses are indicated only by symbols of the elements, 
analytical results obtained for those elements were within ±0.4% 
of the theoretical values. 

3-Methoxy-l-nitronaphthalene (8b). A mixture of 5.64 g (0.03 
mol) of 8a,21 4.14 g (0.03 mol) of K2C03 > and 10 ml of Mel was 
heated in 70 ml of DMF at 60° for 10 hr. Upon dilution of the 
reaction mixture with 300 ml of H2O, a solid precipitated. This 
was collected by filtration to give, after chromatography through 
silica gel with CHC13. 4.6 g (76% yield) of 8b, mp 95-98°. An ana
lytical sample was prepared bv recrystallization from MeOH as 
yellow needles, mp 101-102° ( l i t 'mp 100-1030,21 101-102024). 

1 -(4-Diethylamino-1 -methylbutylamino)-3-methoxynaphtha-
lene (3). A solution of 6.09 g (0.03 mol) of 8b in 150 ml of EtOH 
was hydrogenated with 1 g of 10% Pd/C for 2 hr. After removal of 
the catalyst by filtration, the filtrate was evaporated to dryness. 
The crude amine 8c was mixed with 10 g (0.05 mol) of 4-diethyl-



Notes Journal of Medicinal Chemistry, 1973. Vol. 16, No. 11 1313 

amino-2,2-dimethoxypentane and 0.2 g of p-toluenesulfonic acid. 
The mixture was heated at 150-160° for 5 hr and then poured into 
200 ml of H 2 0 . After being neutralized with dilute NaOH, the 
mixture was extracted with E t 2 0 (3 x 150 ml). The E t 2 0 extract 
was washed (H 20), dried (MgS04), and evaporated in vacuo to a 
red colored oily residue. This Schiff base 8 was taken up on 100 
ml of MeOH and treated portionwise with 4 g of NaBH4. The re
sulting mixture was heated under reflux for 1 hr. diluted with 700 
ml of H 2 0 , and extracted with E t 2 0 (3 X 200 ml). The E t 2 0 ex
tract was washed (H20), dried (MgS04), and evaporated. The 
residue was distilled rapidly in vacuo to give 5.5 g (58% yield) of a 
yellow oil, bp 207° (1 mm). An analytical sample was prepared by 
an additional distillation under the same conditions. Anal. 
(C20H30N2O) C. H, N. 

3-(4-Diethylamino-l-methylbutylamino)-l-methoxynaphtha-
lene (4a). A mixture of 3.5 g (0.02 mol) of 4-methoxy-2-naph-
thylamine23 '24 (10b), 4 g (0.022 mol) of 5-diethylamino-2,2-di-
methoxypentane, and 10 mg of p-toluenesulfonic acid was heated 
at 140-150° for 40 min. The reaction mixture was cooled and to it 
was added 150 ml of E t 2 0 . The E t 2 0 solution was washed with 
10% aqueous K 2 C0 3 and dried (K2COs). It was then filtered and 
solvent was removed in vacuo. The crude Schiff base 11a thus ob
tained (possessing the expected 6.0-M absorption in the ir) was 
dissolved in 50 ml of EtOH and treated with an EtOH solution 
(50 ml) of NaBH4 (1 g). The resulting solution was allowed to 
stand overnight at room temperature. It was diluted with 200 ml 
of H 2 0 and the mixture extracted with E t 2 0 (2 X 100 ml). The 
E t 2 0 extract was dried (K2COs) and the solvent removed in 
vacuo. The residual oil was then taken up in C6H14 and placed on 
a column of neutral AI2O3 (Woelm, activity 1). Elution with 500 
ml of C6H14 containing 1% EtaN gave, on evaporation of solvent, 
an amber oil. This was evaporatively distilled at 110-120° (0.05 
mm) to give 2.7 g (43% yield) of 4a as a pale yellow oil, n25D 
1.5890. Infrared absorption of this product was as expected. Anal. 
(C20H30N2O) C, H, N. 

l,4-Dimethoxy-2-naphthylamine (lOe). To a suspension of 
11.6 g (0.05 mol) of 10d25 in 200 ml of MeOH was added 1 g of 
10% Pd/C. The mixture was hydrogenated for 1 hr at 3.5 kg/cm2. 
Catalyst was removed by filtration and the filtrate concentrated 
to 50 ml in vacuo. To this was added 500 ml of H 2 0 . Stirring and 
chilling of the resulting mixture induced precipitation of the 
crude product, which was collected by filtration and dried. The 
product was recrystallized from C6H14 to give 9.2 g (84% yield) of 
10c as light red plates, mp 97-99°. An analytical sample was pre
pared by recrvstallization from MeOH, mp 99-100°. Anal. 
(C1 2H1 3N02)C."H, N. 

2-(4-Diethylamino-l-methylbutylamino)-l,4-dimethoxynaph-
thalene (4b). A mixture of 2.0 g (0.01 mol) of 10c, 2.0 g (0.01 g) 
of 5-diethylamino-2,2-dimethoxypentane, and 10 mg of p-toluene
sulfonic acid was heated to 140°. Evolution of CH3OH from the 
reaction mixture ceased after 30 min. Heating at this tempera
ture was continued for another 20 min. After cooling, the crude 
reaction mixture was dissolved in E t 2 0 (150 ml). The solution was 
washed with saturated aqueous Xa2C03 and dried (K2C03). and 
the solvent was removed in vacuo. The ir spectrum of the residue 
l ib showed a strong band at 6.0 n (C=N) . The NH2 doublet 
(2.85-2.95 ti) had largely disappeared. The crude Schiff base l ib 
was dissolved in 50 ml of EtOH and treated with a solution of 1 g 
of NaBH4 in 25 ml of EtOH. After stirring overnight at room 
temperature, the reaction mixture was diluted with 400 ml of 
H 2 0 and extracted with E t 2 0 (3 x 50 ml). The E t 2 0 extract was 
dried (K2CO3) and the solvent removed in vacuo. The residue 
showed no absorption at 6.0 n in the ir, indicating reduction was 
complete. Purification of the crude product was effected by elu
tion through a 2.5 X 10 cm column containing neutral AI2O3 
(Woelm, activity 1) with (a) 500 ml of C6Hi4 containing 1% Et3N 
and (b) 500 ml of C6Hi4-C6H6 (1:1) containing 1% Et3N. The 
combined elutes were evaporated in vacuo and the residual oil 
was distilled at 110-120° (0.05 mm) to give a 4.0 g (59% overall 
yield) of 4b as an amber oil, n27D 1.5683. The ir spectrum of this 
product was in accord with the structure. Anal. (C2iH32N202) C, 
H, N. 

6-Chloro-l-(p-toluenesulfonamido)naphthalene (12b). A mix
ture of 15 g (0.084 mol) of 6-chloro-l-naphthylamine (12a) and 16 
g (0.084 mol) of p-toluenesulfonyl chloride in 250 ml of pyridine 
was refluxed for 1 hr. The reaction mixture was cooled and 
poured into 2500 ml of stirred ice and water. At first a gummy 
material separated; this changed to a granular solid. This was 
collected on a filter and washed with H 2 0 to yield 26 g (93%) of 
crude product. Analytically pure material (6.1 g, 85% recovery) 
was obtained by recrystallizing 7.2 g of the crude material from 

absolute EtOH, mp 173-175°. The product was chromatographi-
cally homogeneous on an Eastman chromagram sheet (6060; pe
troleum ether (bp 30-60°)-EtOAc (8:2)). Anal. (C17H14C1NS02) 
C, H, CI, N. 

6-Chloro-l-[[N-(l-methyl-4-diethylaminobutyl)]-p-toluene-
sulfonamidojnaphthalene (12c). A mixture of 600 ml of dry xy
lene, 3.7 g (0.16 mol) of Na, and 28 ml (0.47 mol) of absolute 
EtOH was stirred and refluxed until the Na was dissolved. After 
cooling the solution below 50°, 53.7 g (0.160 mol) of p-toluenesul-
fonamido-6-chloronaphthalene was added with stirring. The 
EtOH which formed was distilled off. The residual xylene solu
tion was cooled to about 40°; 24.5 g (0.0810 mol) of 4-bromo-l-
diethylaminopentane hydrobromide and 100 ml of dry xylene 
were added. The stirred reaction mixture was refluxed at about 
140° overnight (18 hr) and then cooled to room temperature. The 
solids which formed were collected on a filter and washed with 
xylene. The xylene was removed in vacuo from the combined fil
trates. The residue was slurried with about 800 ml of Et20 and 
filtered to remove the undissolved solids 12b. The combined E t 2 0 
filtrates were reduced in volume to about 1000 ml and extracted 
with 6 N HC1 (5 x 200 ml). The E t 2 0 layer was dried then evap
orated in vacuo to a residue to recover additional 12b. The aque
ous acid solution was basified to pH 12 by adding dropwise a 33% 
aqueous solution of NaOH. The basic aqueous solution was ex
tracted with E t 2 0 to remove the desired base 12c. After drying, 
the solvent was removed in vacuo from the ether solution, yield
ing 14.2 g (387c) of the crude product which was used in the fol
lowing synthesis. 

6-Chloro-l-[(l-methyl-4-diethylaminobutyl)amino)naph-
thalene (5). To 165 ml of 30% HBr to AcOH, decolorized with 
6.7 g of C6H5OH, was added 14.2 g (0.030 mol) of 12c. This mix
ture was stirred at room temperature for 20 hr and then added 
dropwise to 7000 ml of stirred E t 2 0 . A gummy layer separated on 
the walls of the flask. The ether was removed by decantation and 
the gummy solids were dissolved in water. The aqueous solution 
was basified to pH 12 by adding 8% aqueous NaOH solution. The 
liberated organic base was extracted into E t 2 0 . Removal of the 
solvent in vacuo yielded 8.5 g (89% yield) of crude product. Pure 
base 5 (6.0 g, 71% recovery) was obtained bv two distillations in 
vacuo: bp 180-190° (0.125 mm); Xmax (EtOH) 260 nm (« 17.600). 
344 (6300). Infrared absorption of this product was as expected. 
Anal. (C19H27CINVO.IH2O) C, H, CI, N, O. 
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5-rc-L'ndecyl- and 5-n-pentadecyl-6-hydroxy-4,7-dioxo-
benzothiazoles have been synthesized as examples of new 
lipoidal benzothiazoloquinones for s tudy as potent ia l 
an t ime tabo l i t e s of coenzyme Q. The 5-n-undecyl-6-hy-
droxy-4,7-dioxobenzothiazole showed exemplary and effec
tive prophylact ic act ivi ty against Plasmodium gallina-
ceum in the chick wi thout toxicity. 

Recent s tud ie s 1 have shown t h a t a var ie ty of subs t i tu t 
ed quinones (e.g., s t ruc tu res 1 and 2) function as effective 
in vivo an t ima la r i a l agents , p re sumab ly as an t ime tabo l 
ites of coenzyme Q s 2 (CoQg) 3, which is intr insic to the 
growth of the malar ia -caus ing protozoan genus, Plasmo
dium. In vitro inhibi t ion has been d e m o n s t r a t e d by such 
analogs of coenzyme Q for both t he succinoxidase and 
DPNH-ox idase enzyme systems which need coenzyme Q. 3 

On the basis of the effective inhibi t ion observed for such 

+ Coenzyme Q. 166. Antimetabolites of Coenzyme Q. 21. 

<CH..CH = CCH.AH 

coenzyme Q analogs and the obvious possibility of their 
use as an t ima la r i a l agents , we have been invest igat ing 
other fused bicycloheterocyclic quinones with the hope of 
designing even bet ter new an t ima la r i a l agents , as well as 
e lucidat ing the n a t u r e of an inhibi t ion mechan i sm a n d / o r 
the enzymat ic site of CoQ. 

The synthesis of two alkyl der ivat ives of the previously 
unknown 6-hydroxy-4.7-dioxobenzothiazole (12) is de
scribed herein (Scheme I), and exemplary assay da ta for 
the undecyl der ivat ive are inc luded (Table I) . 

6-Methoxybenzothiazole (7) was prepared by two meth
ods. In 62% yield, by a modification of a known procedure , 4 

p-anis id ine hydrochloride (5) was converted to 7 by se
quent ia l exposure to sulfur monochlor ide , aqueous base, 
sodium di thioni te , and formic-acet ic a n h y d r i d e 5 (Scheme 
I). After dist i l lat ion and one recrystal l izat ion, the 6-
methoxybenzothiazole mel ted a t 66-68°. 6-Methoxybenzo-


