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\vas ohtaiiictl i n  4ZfZ yield, nil) !I5.5-No; iitist:ilJlc: i i o (  

:uirtlyzed; transfornied into 10 at, oncc. 
(RS)-6-Chloro-2-quinoxalineepoxyethane (10) was obtiiined 

in 70y0 yield, ligroin (bp 66-75"), 93-94". 
(RS)-~-(Di-n-alkylaminomethyl)-6-chloro-2-quinoxaline- 

methanols (ll).-Data in Table I. 
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Synthes is  and Antimicrobial Activity of 
5,7-Dichloroquinoline-8-thiol and I t s  Derivatives 

8-Hydroxyquinoline (oxine) and several of its deriv- 
atives are effective against Gram-positive and Gram- 
negative bacteria, and pathogenic fungi. I n  addition 
halogenated S-quinolinols are active against protozoa. 
Albert, et d . , l  determined the minimal bacteriostatic 
concentrations of S-quinolinol, 3-chloro-S-quinolinol, 
7-chloro-8-quinolino1, and 5,7-dichloro-S-yuinolinol, and 
showed tha t  the chloro derivatives u-ere superior to 
oxine against certain organisms. 

Certain derivatives of the thio analog of 5,i-dichloro- 
8-quinolinol have riow been prepared, and their bac- 
teriostatic actions against xxrious organisms deter- 
mined. Although the tendency of 5,7-dichloroquino- 
line-&thiol itself to undergo oxidation to the disulfide 
appears to be less than that  of quinoline-S-thiol, under 
the test conditions considerable oxidation occurred, 
both with the dichlorothiol and also with its S a  salt. 

Chemistry.-5,7-Dichloroquinolirie ( la)  n-as prepared 
by the method of Elderfield and Il;reuger,2 and con- 
verted into its 8-5ulfony1 chloride (IC) either by direct 
chlorosulfonation or indirectly by the action of PClj  
on the 8-sulfonic acid ( lb) .  Reduction of' the sulfonyl 

1 2 

a . R = H  
b, R = S03H 
e .  R = SO,CI 
d. R = S H  

chloride with SnCls in concd HC1 gave tin 5,7-dichloro- 
quinoline-8-thiolate, which in the presence of NaOH and 
1, yielded 5,7-dichloro-S-quinolyl disulfide (2). Alka- 
line reduction of the disulfide gave 5,7-dichloroquino- 
line-%thiol ( ld).  The pmr spectrum of 5,7-dichloro- 

E Z P .  P a w . .  a8, 69 (1947). 
( 1 )  -4. Albert, S. D. Rubbo. K. J. Goldaore, and B. G. Balfour, Brit J 

(2) R. C. Elderfield and G. 1,. Kreuger. . J .  O r p .  Chem., 17, 358 ( lY52) .  

Experimental Section4 
5,7-Dichloroquinoline-8-sulfonic Acid.-A solut,ion of 5,:- 

oleum (15 ml) \vas heated at 140' clichloroqiiinoline (3 g) in  
for 40 hr, then added dro 
acid was filtered, wayhe 
to give the sulfunic ticid (3.3 
(c , r i , c i , so , s )  c, 11, T. 
~,7-Dichloroquinoline-8-sulfonyl Chloride (a J.-The teinpera- 

tiire of an intimately groiind mixtrire of .i,7-dichloi~oc~uirloliric-8- 
erilfonic acid (1 g )  and l'C15 (1.2 g) \vas gradually incwns:rd t t t  

P0Cl3 vias distd and the resitiut. 
ed ice (20 g). The mixture iv~i,. 
niid the extract was \\-as:hed > i i ~ -  

1120, then dried, :tnd evapor:Ll ( . t i .  
from EtOAr gave product (0.5 g I 

as prisms: nip 140- 141"; pmr (CDC1,) T 0.34 (quadi,uplot, 
.I = 4.5 and 1.7 IIz I (HI),  1.27 (quadruplet, J = 8.5 s r i d  1.7 N z )  
(H4) ,  2.17 (HE), 2.25 (quadruplet, J = 8.5 and 4.5 I Iz)  ili:,, 
ppm. A nal. (C9114C13X02S) C, H, S .  

(b):-.4 solution of :',,7-dichloroquinoline I 10 g)  iii chloro- 
snlfonic wid  (30 mlj was heated at 140' for 40 hr then cooled 
:tiid added dropwise with 6tirring to crushed ice 1250 ~ ' 1 .  T h c b  
niixtiire wa,s filtered :uid the residue was ansheti (IT&), iht.11 
t rit iirit(,d with 5f:; ncl SnTSCO,, ant1 rpfilteretf. Rrcr) 
t i o i l  of Ihc dried rt?\idiic from I'iOAc g:ivcl a protlltct 
iden1ic:al with the :ihove siimple. 
Tin 5,7-DichloroquinoMne-8-thiolate.--A sol111 ioii of SiiC12. 

?€I2( )  (12 g) i i i  rotlcd 1TrI (35 ml] was aclded a1 0' to a solution of 
.~,7-dic:hloroquiiiolir i~~-s~ilf~~iyl chloride (4 g )  in  coned I1C1 
(25 ml). The yellow ppt was stirred at 0" for 1 hr then allo~ved 
to stand overnight :it 0' hefore filtration. The residue TVW 

triturated with 1 1 9 0  a i i d  the ppt 13.6 p) "ab filtered, and re- 
~~ 

( 3 )  L. M.  .Jackman a n d  S. Sternhell, "Applications of Suc lea r  AIagnetic. 
Resonance Spectroscopy in Organic Chemistry." 2nd ed.  Pergainon I'rt.5.. 
Uraunschweig, ( 1  969) p 308. 

(4) Melting points \sere determined on a, Gallenkamp lIF.3TO apparai 1 1 .  

and are uncorrected. I'mr spectra, were determined on a Varinn A60 \ 
spectrometer with T l I S  as internal reference. \Vhere analyses are In- 

dicated only by aymhols of t h e  elements, analytical results ol)tained f o r  
'iiose elements were wi th in  &0.4% of t h e  theoretical values. 
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crystd from DMSO to  give the Sn salt as prisms, mp 340-342'. 
Anal. (CI8H8Cl4S~S2Sn) Sn. 

Sodium 5,7-Dichloroquinoline-8-thiolate.-The above Sn salt 
(1  g)  was stirred in a solution of XaOH (1.5 g) in HzO (25 mlj 
overnight. The E a  salt was filtered, washed with HzO, and 
dried. Recrystallization of the dried residue (0.55 g)  from 
EtOH gave the sodium salt as yellow needles, mp 280' dec. 

5,7-Dichloro-S-quinolyl Disulfide.-To a solution of XaOH (1.5 
g) and Is (0.25 g j in HzO (100 ml j was added finely ground tin 
5,7-dichloroquinoline-8-thiolate (1.4 9). The mixture was 
stirred overnight and then filtered and the residue was thoroughly 
washed with H20. Recrystallization of the dried residue from 
dioxane gave product (0.30 g) as yellow prisms, mp 219-220'. 
Anal .  (C,8H8C14S~Szj C ,  H, N. 

5,7-Dichloroquinoline-8-thiol.-To a stirred suspension of the 
above disulhde (0.25 g)  in oxygen-free MeOH (25 mlj were added 
successively, solutions of KaOH (0.65 g) in HzO (5 mlj and 
glucose (0.65 g)  in HzO (3 ml). The mixture was stirred and 
heated under reflux for 3 hr, before evapn of the AIeOH. The 
mixture wa5 filtered and the residual Na salt was dissolved in 
HzO (25 ml). Cot  was passed through the solution for 10 min, 
and the white ppt was filtered and dried in omuo. Recrystalliza- 
tion from MeOH gave the thiol (0.1 g) aa needles, mp 102-103'; 
pmr spectrum as expected. 
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The antimalarial activity of a mesoionic compound, 
3-piperonylsydnone (I), against Plasmodium beryhei 
was reported. Preliminary structure-activity re- 
lationship studies?vJ revealed the importance of 
the piperonyl moiety for the antimalarial activity 
for compounds of this type. The mode of action 
of I is still u n l a o n n .  One possible explanation 
for the many interesting biological acthities exhibited 

I 

by the  sydnones4g5 is that these compounds may interfere 
with the biocheiiiical role of amino acids. It is cer- 
tainly not inipivbable for 3-piperoii?ls\.dilolie to act as 
an amino acid ant,agonist since the compound itself 
was prepared from an N-substituted amino acid (N-pi- 
peronylglycine) . Consequently, syntheses of certain 
piperonyl derivatives containing a hydantoin (IIa), 
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