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solid was collected and dried at 110" to yield 19 (65.0 g), mp 245- 
250" dec. 

1-Benzylideneamino-3- (2-p-toluenesulfonyloxyethyl)-2-imid- 
azolidinone (25).-Compound 23 (925 g, 3 97 mol) was 
added to a solution of C,H,S (10,280 ml, dried over KOH 
pellets) containing recrystallized TsCl (758 g, 3.97 mol). The 
addition required 30 min with the temperature a t  0". The re- 
action mixture wab stored in the refrigerator for 48 hr. The 
product w-as collected, wa5hed with H20 and then with Et,O, and 
dried a t  60" to yield 955 g, mp 152-155'. The original filtrate 
was diluted with H?O (50,000 ml) and cooled for 72 hr. Upon 
filtration, washing, and drying, an additional 231 g, mp 150-154", 
was obtained. Re- 
crystallization from IIeSOZ gave an analytical sample, mp 153- 
15,5". 

1- (2-Ethoxyethyl)-3- [ (5-nitrofurfurylidene)amino] -2-imidazo- 
lidinone (14).-Compound 25 (84.0 g, 0.22 mol) u a s  added in 
small portions to a solution of abs EtOH (ca. 500 ml) and E t O S a  
[prepared by the addition of SaH (10.4 g of 5 5 . 6 5  oil dispersion)]. 
The mixture wa5 heated a t  reflux for 3 hr, filtered, and the solvent 
removed under reduced pressure. The residue M-as dissolved in 
aq MeOH and the solution was acidified (pH 1) with coiicd HC1. 
After heating the solution on the steam bath for 10 min, a solu- 
tion of 3 (30.6 g, 0.216 mol) in MeOH was added. The reaction 
mixture was heated on the steam bath for 2 hr, chilled in an ice 
bath, and filtered The product was dried to yield 40.0 g, mp 

1-(24odoethyl)-3- [ (5-nitrofurfurylidene)amino] -2-imidazoli- 
dinone (16).--A mixture of 25 (194 g, 0.5 mol), Sa1  (75 g, 0.5 
mol), and Dl IF  (2500 ml) was heated a t  110-140" for 5 hr. The  
solution was cooled and diluted twofold with ice-HZ0. A brown 
ppt was collected, washed with HzO, and dissolved in aq EtOH. 
The  EtOH solution was acidified (pH 1) with concd HC1 and 
heated on the steam bath for 10 min. A solution of 3 (71 g, 
0.5 mol) in 95c0 EtOH was added and the mixture was heated on 
the steam bath for 1 hr. The reaction mixture was cooled in an 
ice bath and filtered. The product qras dried to yield 45 g of 16, 
mp 186-188'. 

1-(2-Chloroethyl)-3- [ (5-nitrofurfurylidene)amino] -2-imidazo- 
lidinone (15).-Compound 9 (152 g, 0.57 mol) was added 
in small portions to SOC1, (400 ml). The resultant clear solution 
was heated at reflux for 30 niin, cooled in an ice bath, and filtered. 
The solid was washed with CeHs and the washings were added to 
the reaction filtrate to give a second crop of crystals. The total 
yield of 15 was 92.0 g, mp 184-185". 

I n  a similar manner 10 and 11 were chlorinated to yield 17 and 
18, respectively. 

1-Hydroxymethyl-3- [ (5-nitrofurfurylidene)amino] -2-imidazo- 
lidinone (8).-Compound 1 (60.0 g, 0.27 mol) was added to 
a refluxing solution of 5% aq CHIO. The mixture was stirred 
a t  reflux for 5 min, filtered hot, and then stored in a refrigerator 
for 2 days. The precipitated orange plates were collected and 
washed with 1% CH20. The material was dried in a desiccator 
at room temperature to yield 14.4 g of 8, mp 200" (sinters). 

1- [ (5-Nitrofurfurylidene)amino] -3-nitroso-2-imidazolidinone 
(20).-A suspension of 1 (112.0 g, 0.5 mol) in glacial BcOH 
(ca. 800 ml.) wa5 stirred at room temperature while KaNOz (100 
g)  was added in small portions over a period of 1 hr. The bright 
orange suspension gradually changed to a bright yellow. The 
mixtnre was stirred for another 3 hr and filtered. The crude solid 
was washed nTith Et20 and recrystd from 1IeNOn to yield 50.5 g, 
mp 228-229" dec. A second crop of material was obtained by 
concentrating the filtrate and cooling to give a total of 88.5 g. 

The total yield of 25 was 1186 g (77.6y0). 

i lnal .  (Cr,H21S304S) C, H,  N. 

138- 140 '. 
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A series of sulfilimines I and sulfoximines I1 related 
in structure to 4,4'-diaminodiphenyI sulfone and sulf- 
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oxide were synthesized and tested for antimalarial 
activity (Table I). Compound 12 showed some slight 
activity in mice infected with Plasniodiurn beryhei. 
The testing did not reveal activity in any of the other 
compounds. 

The sulfilimines were prepared from the known sul- 
fides by reaction with various sodium N-chloroarene 
sulfonamides.' Sulfilimines unsubstituted on i?; appear 
to be hydrolytically u n ~ t a b l e ; ~  no attempt was made to 
prepare such compounds. 

Experimental Section 

Sulfilimines (1,2,7,8,10,11,13,14,15) nere prepared from the 
sulfides by treatment with the appropriate sodium N-chloro- 
arenesulfonamide.2 

S ,  S-Di-p-acetylaminophenyl-~-benzenesulfonylsulfilimine 
(a).-Chloramine B (2.67 g, 0.10 mol) in a 2 : l  v/v dioxane- 
H 2 0  mixture (18 ml) was added all a t  once to 4,4'-diacetylamino- 
diphenyl sulfide (3.0 g, 0.10 mol) in a 2: 1 v/v dioxane-H20 (20 
ml) mixture. The mixture was heated on a steam bath for 2 hr. 
The solvents were removed on a rotary evaporator and the residue 
dissolved in CHnCls-EtOAc. This solution was extracted with 
5yo aq NaOH, washed with H20, dried (Na2S04), concd, and 
recrystd from Me2CO: 3.0 g ;  687,; mp 205". 

Sulfilimines (3,4,5,6,9,12) were prepared by the deacetylation 
of the corresponding acetylated sulfilimine. A typical reaction 
procedure is given below. 

S,S-Di-p-aminophenyl-S-benzenesulfonylsulfilamine (3)- 
S,S-Di-p-acetylaminophenyl-S-benzenesulfonylsulfilimine (2) 
(4.5 g)  in lOyc EtOH-XaOH (30 ml) was refluxed for 1 hr. The 
mixture was reduced in volume and poured into ice-water. The 
solid which pptd was collected by filtration, washed, dried, and 
recrystd from EtOH: 3.5 g ;  94%; mp 197". 

S-Methyl-S-p-acetylaminophenyl-~~-benzenesulfonyIsulf- 
oximine (16).--S-?vlethyl S-p-acetylaminophenyl-N-benzenesul- 
fonylsulfilimine (8) (10.0 g, 0.297 mol) wa? dissolved in dry 
C5H5K (100 ml) and KRInO, (3.4 g, 0.22 mol) and HzO (0.2 ml) 
was added with stirring. After standing for 6 days a t  room tem- 
perature, the C,H,N was removed using a rotary evaporator and 
the residue treated with aq acidified T\'aHS03. The pptd white 
solid was collected by filtration and recrystd from EtOH: 7.5 g; 
71%; mp173'. 

S-Methyl-S-p-acetylaminophenyl-S-p-acetylaminobenzene- 
sulfonylsulfoximine (17).-S-?rlethyl-S-p-acetylaminophenyl- 
sulfoximine (8.0 g, 0.038 mol) was dissolved in dry THF (400 ml). 
Na  (1.0 g, 0.043 g-atom) was added in small portions to the re- 
fluxing solution. When no more N a  dissolved, the clear solution 
was decanted into another flask and p-acetylaminobenzene- 
sulfonyl chloride (7.0 g, 0.030 mol) wm added. The mixture was 
refluxed for 45 min, cooled, and filtered. The filtrate was re- 
duced in volume and poured into He0 whereupon a solid precipi- 

A typical reaction is given below. 
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t:ited. The solid was rec td from EtOH:  5.: g :  4 2 '  : nip 
27'i0. 

Pharmacology.-.ill t,he compounds were screened agaiiiit 
Plasniodinn~ gallinaceuni in mosquitoes ( A e d e s  aegypt i ) .  All the 
compoiuids except 5, 15, and 17 were screened against P.  heryhr i  
i i i  mire. Compounds 12 and 15 were also screened agaiiist 
P .  gallinaceion i n  chick.*. Compound 12 showed slight activity 
i i i  the mouse test. At a dose level of 320 mglkg, the mean sur- 
vival time of the treated mice was 11.6 days and a t  n dose level 
of 640 mg,'kg, i t  was 12.8 days. The mean survival time of the 
cwiitrol mice was 6.1 days. Compound 1 was assayed for anti- 
folic acid activity in a bacterial . tem. It gave questionable 
activity with Streptococcus f e c d i s ,  but. v a s  inactive with Lacfo- 
hacillris cwsei and P~diococcus cmwisiac. None of the other rom- 
pounds Yhowed any significant activity. All of the tests were 
rairied out, by c~ont.ractors of the Wslt,er Reed .41my Institute of 
1Iesearc.h. 
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-4ntimalarial activit,y ha3 been reported for several 
aminosubstituted member6 of the l,5-naphthyridine2 
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Medical Research and  Development Command. This publication rep- 
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~ i i d  1 .'7-iiaphttiyridiriej f'amiliei ~\lucli oi the r'utioti- 
ale for the early 5 )  nthetic (+Fort+ 111 these serie.: \ \ a \  
predicated on tlic umptioii t1i:it certain amino- 
naphthj ridines coulc e regarded a. i-o-teric riiiulogs 
of both 4- and h-:imiriocluiiioline. -I\ ell-bno\\ 11 a i  
:iiitimalxrial agent\. 

Allthough general s j  nthetic path\\ a!.. to henzo [ O  1- 
1 ,,?-iiaphthj ridiiie- have been e~tablihlied,~ no amino- 
aubitituted riiitimn1:tri:d crtndidates appear t o  I ~ i r  (' 

heen prepared or icreericd The  :2-nmiiioclui~ioIiiic.. 
-J titlietic precurwrs of  thiq benzon~phthyridirle SJ 
are converted b) reactiori with etlioxymeth? 1enem:il- 
oriic e-ter6 (EJIJIE) into the :<-c:ubetliox\ -4-11) druxj  - 
jb]-l,,j-iiaphtlij ridiiiei nliich :ire modified b) .tuid:irtl 
method. ( 1  d e  I t1jj.a) into 4-clilorobenzo [ h ] - l  35-ii:yli- 
t h j  ritline? (1). The c~ clc f'ormntioii of' 3-mi i i io -  
quinolines arid E l I l I E  occur* :it c'-2 of the or~giti:tl 
ciuirioliiie. lending to tmizo [6]-l , , j-ntl~htliyridine~ arid 
not :it C-4 t o  produce iwmeric henzo [ /"]-1,7-ri;ipIitli~ 1'1- 
din( 

hiice, of +eveixl iitle-cli:~in :tniirie? 5tudied i i i  m i i i i o -  

quinoline.. the  3-diethJ IaniiiionietIiyl-l-lij~drox\ :iiii- 

lirio clerir-atir e- diipla? ed the mu-t  i n i p r e ~ i r  e :tct 11 - 
attempt. \\ere made to incoiyor:itc~ i t  i n t o  tho-(. 

t)enzonuplit h j  ridiiie- 1 ) )  Burcklitllt er'4 procedui (J ' 4 - 
(:3-37,A'- Diethr laminomethj 1-4 -11) drosj  mi1ino)heiizo- 
[ b ] - 1  ,5-iiaphthyridine (2a) \\ ah -ucce.sfully p r e p m d  
from la hut 4milai. attempt- to  aniitiate l b  nith the 
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