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The synthesis and antibacterial properties of some 1- 
j4-(5-nitro-2-furyl)-2-thiazolyl]h~dantoins and -hydrourac- 
ils have been described earlier.2 As part of a search for 
new chemotherapeutic nitrofurans. the preparation of h y -  

infections in mice by oral and subcutaneous administra- 
tion. Although some of these derivatives were active in 
~ 3 f i . o  against 5' p y g e n e s  (Table 111. none was effective 
against S. (7urc'1/\. 

Nitrofurans 1 27 were also evaluated against Trichoni o- 
n m  rcginaiis i v  i i tro and in mice.? Most ot' the cc;rn- 
poiJnds h a c i  sonic activitg in the i n  ~.iirri screen. and when 
te.\t ed againat 7'. ! ngincriis infections in mice. hydantoins 
I ( ; ,  17, a n d  21 iwre found t( i he c'n. f'c~iir t imes mow a<.tive 
than met wnidaro1e.s Further experiments h i w e d .  hou - 
tTer. that none of' the compoundh appeared in nieasurni)le 
quantities in the urine. 

In  :'oncli!siim. when the nitri)t'ur?7lthiadiazoies above are 
c i  )in pared wit h t he a nalo pr )us 1 - [ 4 - ( tj -nit ro - 2 -fury 1 j - 2 - t h i : I  - 

zolyl ]ti> dantoinz ant i  -hydrouracils discussed earlier.2 t \ \ o  
points of  :ntertaht rrnerge. Firstl?.. as antibacterial :lgt>ilts 
the two series h a b e  immparable potencies against niost or- 
ganisnih in the i t2  vi tro screen. In cico,  activity against S 
r i u r w s  and S .  ogf'tiP,s is relatively widespread among ni-  

, .  

'fable I. In C'ifro Xntil)acterial and Trichomonicidal Act i r i ty  of Nitrofuran, l 25 
- - - ~  - _-_____ - ________ 

Minimum inhibitor) i on cent ration. +ig nil __ ~~- 
S(ilnzon~!lc 

S taph .  I I U ~ C U ~ ,  Iliplococcus S trep .  pyogwi ts ,  txplzziniu iuni Shigella sonnei, 
( 'om 1 Id UC-76 pneunioniac C203 \ - 3 1  c-10 T .  Lat2inuii.s 
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See, i x ~ f  I and  >. "Figures in 1)arentheses indicate 90-99.9'; inhibition at stated levels. 'Indicates test  not doni,. 

dantoin and hydrouracil derivatives of ?-amino-5-(S-nitro- 
L'-furyl)-l.3,4-thiadiazole (I. R = H)  was examined. since 
it has been established that  this latter nitrofuran and re- 
lated compounds (c.g., I. R = CHO) have potent antibac- 
t erial activities .:j 

1 

Chemistry. The preparation ot ureas I1 from I tR = H )  
and various acyl isocyanates, the cyclization oi 2- or 3 -  
haloacylureas to the corresponding hydantoins or hy-  
drouracils I11 with S a H  in DhlF .  and the alkylation of 
these last compounds to the 3-substituted derivatives IV 
are described in the Experimental Section. 

Screening Results. Nitrofurans 1-27 were tested in 
ritrij against a variety of bacteria according to  procedures 
descrihed previous1y.t It can be seen from Table I, which 
records the more active compounds. tha t  most of the 
nitrofurans possessed efficacy against Stuphyiococcus cu-  
rciis rind Strcptococcus  p y i g e n e s .  Selected compounds 
were evaluated further against 5". uurcus  and S. p y g e n e s  

' 4111lior 111 whom correspondence should be addressed at the Chemical 
tiwearch Laboratories. IVellcome Research Lahorariries. Beckenham. 
Kent. England. 
i For a description of the general in titrii and in i.iw tesr procedures. JPC 

re1 1 

Table 11. I n  V i v o  Activity 
___ 

T .  Laginaiis, 

eyulv, 
s. PjOgPlLf 'b ,  metronidazole 

ED,, (mice) ,  mg  kg 
Compd r J 0  S C  Mb 

2 200 50 C 

3 35 50 .;o , 2.5 
11 42 .,j 1 0 . 2  <' 

16 I '  c 4 
17 ( '  1 I  4 
21 r '  ( '  2 -4 

- 
rLSee ref 4 and 5. " M  -= ED ,,, of metronidazole ED , , I  o f  (.est 

compound. -Indicates test  not done. 

trofurylthiazole congeners. and in these compounds hy-  
dantoins and hydrouracils (i. e . ,  derivatives equivalent to 
I11 and 11') appear to  he more active than the acylureas 
corresponding to  11. In thiadiazoles 11-I\'. however. no 
compound appears to  be effective against S.  aurcu,j in 
t , i c v ,  and activity against S .  p.sogenes in ~ ' i c o  is of a loa.er 
order than that  shown by the analogous nitrofurylthia- 
zoles. Finally. as trichomonicidal agents, the nitrofuryl- 
thiadiazoles above are very much more potent in L ' ~ I ' ( J  

than the nitrofurylthiazoles discussed earlier.* In this re-- 
spect. maximum activity appears to reside in the nitrothi 

: For a description ot tes t  me1 hods. see ref; 
5 Flagy1 



Notes Journal of Medicinal Chemistry, 197.9, \lo/, 16, No. I 1  1309 

Table 111. 1-Acyl-3- [5- (5-nitro-2-furyl)-1,3,4-thiadiazol-2-yl]ureas 

Compd 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

R 

M e  
CHzCl 
CHC12 
CH2Br 
Et 
(CH?)?Br 
CH(Me)Br  
C H ( E t ) B r  
C (Me)?Br 
Ph 

02N NHCONHCOR 

Mp,  "C 

244-245 dec 
273 dec 
268-270 dec 
304-305 dec 
226-227 dec 
225-226 dec 
214 dec 
219 dec 
297-298 dec 

> 360 

I1 
Recrystn 
solventfL Yield, % 

Reaction 
time, hr 

A 
C-B 
C-B* 
B 
A 
C 
A 
A 
A 
C 

74 
63 
68 
85 
78 
80 
82 
83 
82 
59 

3 
1 
1 
0.5 
2.5 
1 
0.5 
5 
4 
2 

Formula 

C 9H-N ,O ,S 
CnH6ClN 0 S 
C jH,Cl>N O S  

C ioH ,N,O,S 

CioHsBrN 0 3  

CqH6BrN,0,S 

CloHsBrN,O E+ 

ClIHIoBrN.O S d  
CIIHloBrN,O S 
CirHoN O S  

"A, AcOH; B, EtOH;  C, DMF.  bFollowed by hot HzO wash. C :  calcd, 30.8; found, 31.4. dC: calcd, 32.7; found, 33.3. 

Table IV. 1- [5- (5-Nitro-2-furyl)-1,3,4-thiadiazol-2-yl]hydantoins and -hydrouracils 

Compd A 

111 
Recrystn Reaction time, 

Mp,  "C solventf' Yield, 70 hr (temp, "C) Formula 

11 CHz 308-310 dec A 45 0 5 (20) C IH,N,O,S 
12 CH(Me)  283 dec B 59 2 (20) CioH-N,O,S 
13 C H ( E t )  242-244 dec C 47 1 5 (20) CiiH N,O,S 
14 C (Me)z 266-267 uec B 41 3 (100) C iiH sN ,023 
15 (CHz)? 310-311 dec A 86 0 5 (20) C,nH-N O S  

"A, D M F ,  followed by hot H20 wash; B, AcOH; C, EtOH. 

Table V. 3-Substituted 1- [5- f5-Nitro-2-furyl)-l,3,4-thiadiazol-2-yl]hydantoins and -hydrouracils m-;" A .. c 0 

O?N 0 S I 1  
/C-N--R 
0 

IV 
Recrystn Yield, Reaction time, 

Compd A R Mp,  OC solventiz % hr  (temp, "C) Formula 
16 CH? M e  244-245 dec A 44 1 (20) CioH;NaOsSd 
17 CH, Et 204-206 dec B 41 2 (40) C 1 IH !,N;O23 
18 CHZ n-Pr 221-224 A 56 4 (40) Ci4HiiNiOiS 
19 CH, n-Bu 230-232 A 50 2 (401, 2 (60) C i3H13N:rO ;S 
20 CH(Me)  M e  241 A 67 1 (20) C 1 iH 1N :O:S 
21 C H ( E t )  M e  211-212 A 66 1 (20) Ci2HiiNaO;S 
22 C(Me)?  M e  208-210 C 46 1 (20) Ci?HiiN\OQ 
23 (CH,), M e  288-290 dec A 70 2 (20) C 1 iH qN;OjE+ 
24 (CH,), Et 207-20gb A 77 1 (20) C i,H i IN a 0  is' 
25 (CH,)? n-Pr 220-221c A 57 1.5 (40) C iaH i3N 2 0  jS 
26 (CH?)Y n-Bu 205 A 61 4.5 (55) C i J H  I ;N 30;s 

27 (CH,), n-CsH1; 149 A 67 4.5 (65) Ci8H?aN;O;S 

' A ,  AcOH; B,  aqueous D M F ;  C, aqueous AcOH. "Clear at 225'. "inters a t  216'. dN: calcd, 22.7; found, 22.0. <C: calcd, 
40.9; found, 40.4. fC:  calcd, 42.7; found, 41.8. 

adiazolylhydantoins rather than the ring-enlarged hy- 
drouracils. 

Experimental Section' 

The physical properties of the compounds prepared are collect- 
ed in Tables 111-V, and the experimental details below relate to 
these tables. 

=Melting points are corrected and were determined in capillary tubes 
Analytical results were obtained for C. H, and r\T for all compounds and 
unless otherwise stated were within +0.4% of the theoretical values. 

l-Acyl-3-[5-(~-nitro-2-furyl)-1,3,4-thiadiazol-Z-yl]ureas (11, 
Table 111). The appropriate acyl isocyanate (0.055 mol) (pre- 
pared by known methods6 and used, after distillation on the aspi- 
rator and measurement of the ir spectra, without further charac- 
terization) in THF (35 ml) was added dropwise to  a suspension of 
I (R = H)7 (0.05 mol) in THF (120 ml), and the mixture was then 
stirred at room temperature (time given). The product was col- 
lected by filtration, washed with EtpO, and recrystallized. 
l-[5-(5-Nitro-2-furyl)-1,3,4-thiadiazol-Z-yl]hydantoins and 

-hydrouracils (111, Table IV). NaH (50% in oil. 0.01 mol) was 
added in portions to a suspension of a 2- or 3-haloacylurea (11. R 



= h a l i r ~ l k y l :  0.01 nitil) in 1)MF (50 m l j  at 0" and the mixture was 
-1irrr t i  u n t i l  i t  hecame neutral  i t inie/ temperature  given,. Acidifi- 
cation i.AcOHi and d i lu t ion  with H20 afforded the crude product.  
which ~ v t i >  recrystallized t'rom the  appropriate solvent. 

hydantoins and -hydrouracils (IV, Table V). NaH (,io% in 
oil ,  0,ii:i mol)  was added  in portions to a suspension of the hydan-  
lo in  o r  hytirouracil TI1 iO.O:3 mol)  in DMF (6U ml, at 0' .  ioiloweti 
t)> the appropriate alkylating agent .  The mixture w a s  then 
htirrcd until neutral  ( t i m e  temperature  l i i tedl .  acidified i .AcOHj .  
anti diluted wi th  H?O. The prnduct w a s  filtered oif. a a s h e d  t\-ith 
HzO. d r i e d .  m t l  recrystallii.cd, 
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The synthesis is described of representative compounds 
of a new category of alkyl-5,8-quinoxalinequinones as po- 
tential antimetabolites of coenzyme Q for testing as anti- 
malarials and other biological activities. In view of the ef- 
f'ective antimalarial activity of' some of our recently syn- 
thesized alkylmercapto-5.8-quino1inequinones.l it is of in- 
terest to synthesize and bioassay 5.8-quinoxalinequinones. 
especially those with sulfur-containing side chains. The 
side chains were designed to impart the necessary lipoidal 
character to the molecule and toward simulation of the 
highly lipoidal coenzyme Q.  

The  initial step in the two-step synthesis of 6-n-dodec- 
ylniercapto- and 6.7-di-n-dodecylmercapto-5,8-quinoxaline- 
quinori~s  ( 3  and 1, respectiveljr) (Scheme I )  consisted of 
the 1.4 addition of n-dodecyl mercaptan to 5,8-quinoxaline- 
quinone in a manner similar t o  tha t  described by Snell 
and Weissberger2 for the syntheses of certain alkylmer- 
captobenzoquinones. Oxidation of the isolated mono- and 
dialkylated dihydroxyquinoxalines (1 and 2, respectively) 
with FeC13 gave the alkylated quinoxalinequinones 3 and 
4 ,  respectively. in high yield. Attempts to  oxidize the 
dihydroxyquinoxalines with AgzO resulted in extensive 
decomposition. Acetylation of 6-n-dodecylmercapto-5,8- 

4('oenL>ine I$. l6:i 

dhydroxyquinoxaline ( 1 )  with acetic anhydride and 
H2S04 as catalyst wab accomplished to  give the corre 
sponding diacetll dern  at i re  5 

Scheme I 

0 OH 

0 ii 

The synthesis of ti,-cvclohexylpentyl-j,8-quinoxaline- 
quinone (6 )  was effected by treating 5.8-quinoxalinequi- 
none with diu.-cyclohexylhexanoyl peroxide in acetic acid 
(Scheme 11). The yield of Gw-cvclohexylpen~yl-:i.8-quinos- 
alinequinone (6)  was very low 

Scheme I1 

3 4 

6 

Compounds 2--4 were tested for antimalarial activity 
against blood-induced Plasmodium berghei in mice3 and 
were inactive at  640 mg/kg each. Compounds 3 and 4 
were tested against Plasmodium gallinaceum in the sporo- 
zoite-induced chick test4 and were inactive a t  80 mgikg. 
Compound 2 was also inactive against I? gallinaceum 
(blood-induced) in the chick3 at  100 mg/kg. Additional 
compounds, particularly analogs of 3, merit synthesis and 
testing. 

Compounds 2 and 3 were tested in uitro for inhibitory 
activity in mitochondrial DPNH-oxidase and succinoxi- 
dase enzyme systems ('Table I ) .  Neither compound showed 
significant inhibition in DPNH-oxidase a t  levels of 120 
nmol of inhibitor/mg of mitochondrial protein: however. 
compounds 2 and 3 showed 25 and 29% inhibition, respec- 
tively, in succinoxidase a t  this same concentration level. 
The mitochondria were prepared by a method similar to  
that described by Blair.5 

Experimental  Section 
All melting points were taken on a 'Thomas-Hoover melting 

point apparatus  and  are uncorrected.  Where analyses are inclicat- 
ed only by symbols of t he  elements. analytical  results obtained 
for those elements were within i.0.4'7~ of the theoretical  values. 
N m r  spectra were taken on all new compounds and  were consis- 
tent  with t h e  proposed structures. 

6-n-Dodecylmercapto- and 6,7-Di-n-dodecylmercapt0-5.X- 
dihydroxyquinoxaline ( 1  and 2, respectively). 5.8-Quitioxaline- 
quinone6 (1.0 g. 6.24 mmol)  in  E t O H  was t reated "ith n-dodecyl 
mercaptan  (1.5 g, 7 .41  mmol ) .  The  reaction mixture !vas stirred 


