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= haloalkyl; 0.01 mol) in DMF (50 ml) at 0° and the mixture was 
stirred until it became neutral (time/temperature given). Acidifi
cation (AcOH) and dilution with H 2 0 afforded the crude product, 
which was recrystallized from the appropriate solvent. 

^-Substituted l-[5-(5-Nitro-2-furyl)-l,3,4-thiadiazol-2-ylJ-
hydantoins and -hydrouracils (IV, Table V). NaH (50% in 
oil. 0.03 mol) was added in portions to a suspension of the hydan-
toin or hydrouracil III (0.03 mol) in DMF (60 ml) at 0", followed 
by the appropriate alkylating agent. The mixture was then 
stirred until neutral (time'temperature listed), acidified (AcOH), 
and diluted with HjO. The product was filtered off. washed with 
HUO. dried, and recrystallized. 
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T h e synthesis is descr ibed of representa t ive compounds 
of a new category of a lkyl-5,8-quinoxal inequinones as po
ten t ia l an t imetabo l i t e s of coenzyme Q for tes t ing as an t i 
malar ia ls and other biological act ivi t ies . In view of the ef
fective an t imalar ia l act ivi ty of some of our recently syn
thesized a lkylmercapto-S.S-quinol inequinones , 1 it is of in
terest to synthesize and bioassay 5,8-quinoxal inequinones, 
especially those with sulfur-containing side cha ins . The 
side chains were designed to impar t the necessary l ipoidal 
charac ter to the molecule and toward s imula t ion of the 
highly lipoidal coenzyme Q. 

T h e initial s tep in the two-s tep synthesis of 6-n-dodec-
y lmercapto- and 6,7-di-rc-dodecylmercapto-5,8-quinoxaline-
quinones (3 and 4, respectively) (Scheme I) consisted of 
the 1,4 addi t ion of n-dodecyl m e r c a p t a n to 5,8-quinoxaline-
quinone in a manne r similar to t h a t descr ibed by Snell 
and Weissberger2 for the syntheses of cer ta in alkylmer-
captobenzoquinones . Oxidat ion of the isolated mono- and 
dia lkyla ted dihydroxyquinoxal ines (1 and 2, respectively) 
with FeCl 3 gave the a lkylated quinoxal inequinones 3 and 
4, respectively, in high yield. A t t e m p t s to oxidize the 
dihydroxyquinoxal ines with Ag20 resul ted in extensive 
decomposi t ion. Acetylat ion of 6-n-dodecylmercapto-5,8-

iCoenzyme Q. 160. 

dihydroxyquinoxal ine (1) with acetic anhydr ide and 
H2SO4 as cata lyst was accomplished to give the corre
sponding diacetyl derivat ive 5. 

C'H.iCH.). SH 

l .R-SfCHj - . iCH^R ' -H 
2,R = R' = S(CHj,lCH 

S(CH,v,CH„ 

T h e synthesis of 6-u.'-cyclohexylpentyl-5,8-quinoxaline-
quinone (6) was effected by t r ea t ing 5,8-quinoxalinequi-
none wi th di-o;-cyclohexylhexanoyl peroxide in acetic acid 
(Scheme ID. The yield of 6-a!-cyclohexylpentyl-5,8-quinox-
al inequinone (6) was very low. 

(CH,)-

Compounds 2-4 were tes ted for an t imalar ia l act ivi ty 
against blood-induced Plasmodium berghei in mice 3 and 
were inact ive at 640 m g / k g each. Compounds 3 and 4 
were tes ted against Plasmodium gallinaceum in the sporo-
zoite- induced chick t e s t 4 and were inact ive a t 80 m g / k g . 
C o m p o u n d 2 was also inact ive against P. gallinaceum 
(blood-induced) in the chick 3 at 100 mg /kg . Addi t ional 
compounds , par t icular ly analogs of 3, merit synthesis and 
tes t ing. 

Compounds 2 and 3 were tes ted in vitro for inhibi tory 
act ivi ty in mi tochondr ia l D P N H - o x i d a s e and succinoxi-
dase enzyme sys tems (Table I) . Nei ther compound showed 
significant inhibi t ion in DPNH-ox idase a t levels of 120 
nmol of i nh ib i to r /mg of mi tochondr ia l protein; however, 
compounds 2 and 3 showed 25 and 29% inhibi t ion, respec
tively, in succinoxidase at th is same concent ra t ion level. 
The mi tochondr ia were p repared by a method similar to 
tha t described by Bla i r . 5 

Exper imenta l Sect ion 

All melting points were taken on a Thomas-Hoover melting 
point apparatus and are uncorrected. Where analyses are indicat
ed only by symbols of the elements, analytical results obtained 
for those elements were within ±0.4% of the theoretical values. 
Nmr spectra were taken on all new compounds and were consis
tent with the proposed structures. 

fi-n-Dodecylmercapto- and 6,7-Di-ri-dodecylmercapto-5,8-
dihydroxyquinoxaline (1 and 2, respectively). 5.8-Quinoxaline 
quinone6 (1.0 g. 6.24 mmol) in EtOH was treated with rc-dodecyl 
mercaptan (1.5 g, 7.41 mmol). The reaction mixture was stirred 
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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 

Compd 

2 
3 

D P N H - o x i d a s e 
% inhi-

Concn° bit ion 

120 
120 

7 
0 

Succinoxidase 

Concn" 

120 
120 

% inhi
bit ion 

25 
29 

"Nanomoles of inhibitor per mg of mitochondria l pro
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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 

OCH: 

NHCH(CH,),XR, 

CH:i 

1 

R- R: 
CH, 

NHCH(CH.),(C.H,), 

OCH;, 

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). 


