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TABLE I 
Test Dose, 

Compd system" m d k g  Curesb 

Amodiaquine 11 40 0 
11 160 :3 
AI 640 .5 

1 11 20 0 
11 40 1 
11 80 2 
11 160 4 
11 640 3 

C 80 0 
C 160 0 
C 320 1 

2 11 20 * 0 
AI 40 1 
11 160 4 
31 640 1 

C 80 0 
C 160 0 
C 320 1 

3 lI 20 * 0 
11 40 * 0 
11 80 0 
11 160 - > 
11 320 2 
11 640 4 
C 80 0 
C 160 0 
C 320 0 

Compounds screened against P. berghei in mice (AI) by Ih. L. 
Rane; see T. S. Osdene, P. B. Russell, and L. Ram,  J. X e d .  
Chem., 10, 431 (1967). A test system against blood-induced 
P. gallinaceurn infection in white Leghorn cockerel chicks (C) 
has also been employed. Details of this chick screen will appear 
in a forthcoming publication from Dr.Rane's laboratory. Sum- 
ber of animals out of five surviving to 60 days postirifection in 
mice or 30 days postinfection in chick. When mean survival time 
increase is 100% greater than normal survival time of the un- 
treated infected test animals (7.0 i 0.5 days in mice and 3.5 i 
0.5 days in chickens) the compound is defined as "active." 
Compounds were all classed as "active" except a t  those doses 
designated with an asterisk. 

mole of methyl 6-methoxy-i-fluoro-4( lH)-quinolone-2-carboxyl- 
atelo and 140 ml of lOy0 (w/.-) aqueous NaOH solution was 
refluxed for 1.5 hr, filtered hot, cooled to ice-bath temperatures, 
and neutralized a-ith 6 S HC1. The acid was thoroughly dried 
in vacuo, powdered, and added in small portions to 180 ml of 
boiling PhZO over a 70-min period. The cooled mixture was 
diluted with 2 1. of 30-60" petroleum ether and filkred to isolat,e 
the quinolone. This was converted directly to the conespond- 
ing 4-chloro compound by refluxing for 3 hr with 60 ml of Poc13. 
Excess POCl, was removed by vacuum didllation and the re- 
maining solution was added cautiously t,o 500 g of chopped ice. 
Neutralization (",OH), filtration, and washing (&O) gave 20 g 
( 5 9 7  based on methyl 6-met~hoxy-7-fluoro-4(1H)-qninolone-2- 
carboxylat,e) of 4-chloro-6-methoxy-7-fluoroquinoline. .411 aria- 
Iytical sample u-as prepared by double vacuum sublimation, mp 
153-154'. The nmr spect'rum (DMSO-d6) revealed an o-F 
to proton coupling (HBF) a t  6 7.92 ppm of 12 Hz, and a m-F 
to proton coupling (H5-F) a t  7.61 ppm of 9 Hz clearly ruling out 
the 5-fluoro-6-methoxy possibilit,y. Anal .  (CloHXIFSO) C, 

6-~Methoxy-7-chloro-4- (3-diethylaminomethyl-4-hydroxyani- 
1ino)quinoline (l).-A solution of 5.9 g (0.025 mole) of p-acet- 
amido-a-diet,hylamino-o-creso14 and 13 ml of 6 N HC1 was refluxed 
for 1 hr and then nent,ralized with 50% NaOH to pH 6. An 

X,X. 

f l 0 )  I n  ref 7, a mixture of the 6-methoxy-7-fluoro- and the  5-fluoro-6- 
methoxyquinolinates was prepared. These isomers could not be separated, 
and a mixture was therefore employed for the synthetic sequence descrihed 
ahove. .In nmr analysis ( r ide  i n j r a )  on the final 4-chloroquinoline obtained 
I)? the sequence showed tha t  the isolated material was pure 4-chloro-&me- 
t Iios,--i-Huoroiciiinoline. 

equimolar quantity of 4,7-dichlor0-6-methoxyquinoline~~ and 25 
nil of DlIF12 was then added. The mixture was heated at 90" 
for 24 hr before being cooled and diluted with H20. After filtra- 
tion the solution was made slight,ly basic wit,h SaOH and the 
precipibated solid was co1lect)ed and taken up in CHC13. The 
CHCb phase was washed (dilut,e aqueous NaOH, HzO), dried 
i lIgS04),  and evaporated to dryness. The solid residue was 
recrystallized from NeOH (charcoal) to yield 4.5 g (47%) of yel- 
low crystals. Several more recrystallizations from RIeOH pro- 
dnced analytical material, mp 236-245" dec. Anal .  (CZIH2,- 
ClN;302) C. H, S. . , ,  

Compound 2.--Application of the above procedure t o  4- 
chloro-6-methoxy-7-fluoroquinoline gave the aminoquinoline as a 
light tan solid in 64% yield. After three recrystallizations from 
lIeOH, analyt'ical material was obt>ained, dec pt 246-247", 
bnt no formation of a liquid phase up to 315'. (C2,- 

6-Methoxy-7-trifluoromethyl-4- (3-diethylaminomethy1-4- 
hydroxyani1ino)quinoline (3).-The amination of i-chloro-6- 
methoxy-7-trifluoromethylqninoline as described above gave a 
i-lcc yield of the deuired aminoqiiinoline as pale yellow needles, 
nip 218-224' dec. .-lnal. (C22H24F3S302) C, H, S. 

Anal .  
H,,F?U',O,) C, H, S. 

(11) H. R. Snyder. H. E. Freier, P. Koracic, and E. 121. Van Heyningen, 
J .  Am. Chem. Soc.. 69, 371 (1947). 

(12)  4 larger quantity of D U F  or higher reaction temperatures should lie 
avoided because dimethylamination of the  4-Cl can occur under these condi- 
tions see: S. D. Heindel and P. D. Kennewell, Chem. Commun., 38 (1969). 
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I n  continuation of our study of aromatic glyoxals 
as antiviral agents, we prepared a series of Y,X-di- 
wbstituted hydrazones of para-substituted phenyl- 
glyoxals. A11 compounds were subjected to the usual 
pharmacological screening, as well as to antiviral, anti- 
bacterial, and antifungal activity tests. The acute 
toxicity of the compounds was determined intraperi- 
toneally in mice. 

S o  activity wab observed when the compounds were 
tested for miooth-muscle relaxing activity and for 
coronary vasodilator activity. Compounds 3, 5, 7, and 
26 showed antieonvulsant activity at doses of 0.2LDso in 
electroshock, intraperitoneally in mice. I n  tests for 
antiinflammatory activity on the rat's formalin paw 
edema, 1, 2, 8, 10, 13, 14, 26, 29, 30, 36, 37, 39, and 41 
were active intraperitoneally a t  100-200 mg/kg. 

All compounds were also tected in embryonated eggs 
infected with A-PR8 virus and vaccinia virus. Com- 
pounds 15 and 39 were active against A-PR8 virus, and 
15 was also active against vaccinia virus (Table 11). 

The two active compounds are derivatives of di- 
phenyl, which emphasizes the importance of this sup- 
porting moiety for antiviral activity. 1,2 

S o  compound showed antibacterial activity nor n-as 
any active against Candzda albicans. Some product 
were active against Tiichoph yton menfagrophytes,  gyp- 
seum type (2538) (Table 111)' namely S,S-dimethyl- 
and S,S-diethylhydrazones of 4-chloro-, 4-nitro-, 1- 
phenoxy-, and 4phenylphenglyoxals; among the cyclic 

The results are listed in Table I. 

(1) G. Carallini and E. l lassarani,  J .  .Wed. Chem., 1, 365 (1959). 
(2) G .  Cavallini. ; b i d ,  7 ,  2.55 (1964). 
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disubstituted hydrazones, only one derivative (24) mas 
active. 

Compound 9, was most active in vitro but inactive 
when tested topically in the guinea pig according to the 
method of Arnold, et aL3 

Experimental Section4 

Preparation of para-Substituted Phenylglyoxal N,N-Disub- 
stituted Hydrazones. Method A.-A mixture of 0.01 mole of 
a-ketoaldehyde, 0.011 mole of ?J,X-disubst>ituted hydrazine hy- 
drochloride, and 0.011 mole of XaOAc in 10 ml of AcOH was 
stirred for 2 hr at 20-25'. Then a 2053 aqneous Na2C03 was 
added to alkalinity. Some products precipitated as solids, other 
as thick oils which solidified on standing. The solids were col- 
lected and crystallized. Compounds 7, 9, arid 34 did not solidify 
and were extracted into EtzO. After drying, the solvent was 
evaporated and the residue way crystallized. 

Method B.-The N,S-disubstituted hydrazine hydrochloride 
(0.01 mole) and 0.01 mole of NaOAc were added a t  20" to a 
solritiori of 0.01 mole of a-ketoaldehyde in 20 ml of EtOH, and 
t,he mixt,ure was stirred for 24 hr at  20". When the products 
crystallized, they were collected, washed (HzO), and recrystallized. 
If 110 crystallization took place, H20 was added to cloudiness, and 
the solution was filtered with charcoal and cooled. The separate 
crystals were collected and recrj-btallized. 

Method C.-The S,N-disubstituted hydrazine hydrochloride 
(0.01 mole) aiid 0.01 mole of NaOAc were added at  20" to a solu- 
tion of 0.01 mole of a-ketoaldehyde in 20 ml of EtOH, and the 
mixtiire was stirred for 24 hr a t  20". The mixture was filtered 
arid the solvent was evaporated to drynebs in vacuo at  20". Com- 
pounds 24, 27, arid 32 were crystallized, while 40 and 41 were dis- 
solved in Et20 and the extracts were washed with aqueous SaOAc. 
After drying (Na2S04), the solvents were evaporated and the 
residues were crystallized. 

Method D.--,4 solution of 0.01 mole of a-ketoaldehyde arid 
0.01 mole of S,N-disubstituted hydrazine in 20 ml of EtOH was 
stirred a t  25' for 4 hr. After cooling the crystals were collected 
aiid recrystallized. 

Pharmacological Methods.-For all tests XXIRI albino mice 
(18-20 g)  and Wistar albino rats (200-250 g) were used. For 
T .  rnentayrophytes infection, Pirbright guinea pigs (250-300 g) 
were used. 

Acute Toxicity.-LDj, values were determined in mice in- 
traperitoneally, and the mortality over 48 hr was recorded. The 
aiiimals were also observed for behavior arid objective symptoms 
according to the Irwin scheme.6 

Other Tests.-All compoiiiids were screened albo for their 
antispasmodic activity in ritro following the methods described 
by Setriikar and Tirone6 arid for their coronary vasodilator activ- 
ity on the isolated rabbit heart following the method of Setnikar, 
E t  al.' 

Antimicrobial and antifungal activity, antiviral activity, 
ariticorivulsarit activity, and antiinflammatory activity were 
determined according to the methods previously described? 
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(4) hlelting points are uncorrected and were determined on a Kofler micro 
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Antitrichomonal activity of 2-(2-thenoylamino)-Z- 
nitrothiazole2 has often been ascribed to the nitro- 
thiazole moiety3a in accord with the qanie activity of 
related heterocyclic c o r n p ~ u n d s , ~ ~  eipecially 5-nitro- 
 imidazole^.^ A variety of derivative. of thiophene-2- 
carboxylic acid have also been found to have some anti- 
microbial effects.; We have now synthe.ized a number 
of amides of thiophene-2-carboxylic acid with various 
aromatic arid heteroaromatic amines (Table I) in order 
to examine their biological properties. 

Results of Microbiological Assays.-Theno? 1 amides 
have been tested for their antimicrobial effectiveness 
according to -tandard techniques a- demibed else- 
\\ here.6 A number of pathogenic and iaprophytic 
bacteria, fungi, and viruses uere used a- te-t organism 
and the requlth are presented in Table 11. 

Sone of the compounds were active againit Shigella 
j lexnerz,  Haemophalus anjluenzae, Staphylococcus aureus,  
Streptococcus vii.iclans, Streptococcus pyoyenes,  Lzsteixta 
nzonocytogenes, Pastewel la  pseudotuberculosis, Cot yne- 
bacterium diphtheriae, Bacillus anthracis,  Diplococcus 
pneumoniae,  Salmonella t yph i ,  JIzcimporurn canis.  and 
Ttichoph yton inteidigztale. 

Some of the compounds (1, 4, 13) markedly reduced 
the titers of influenza A, virus grown in allantoic 
fluids of embryonated eggs. The most active sub- 
stances were 1 and 13 which reduced the hemagglutinins 
of influenza A, virus in allantoic fluidf 20-fold. Com- 
pound 12 at 0.00406 protected all the mice infected 
with 1001,Djo dose of pseudorabies vim-. number of 
compounds protected 30-609.', of mice infected with 
100LDjo dose of Semliki forest virus (arbovirus group 
A), i.e., 3,4,  8, and 11. 
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