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Synthetic Schistosomicides. 11. 1-[(Dialkylaminoalkyl)- 
methylamino]-4-methy1-10-thiaxanthenones1 

EDWARD F. ELSLAGER, J. F. CAVALLA,' W. D. CLOSSON,' AND DONALD F. WORTH 

R-ed Decembet 14,1880 

Several 1- [ (clialkylaminoalkyl)methylamino] -4-methyl-10-thiaxanthenones have been prepared by condensing a 1-chloro- 
4-methy1-10-thiaxsnthenone with an N,N~ialkyl-N'-methylalkylenediamine, or by allowing 1- [methyl (2-chloroethy1)- 
amino]-4methyl-l0-thiaxanthenone to react with the appropriate amine. A number of the title compounds are highly 
effective against Sehistosm mniioni in mice. 

The discovery of the antischistosome activity of 
Miracil D (I)' stimulated the synthesis of many 
related compounds as potential antischistosome 
agents, These include various thiaxanthenones,6-' 

0 KH(CHZ)ZN(CZH~)Z 

QJ$$ 
CH3 

I 

xanthen~nes,'-~ acridones:*O and  anthraquinone^,^^^ 
as well as certain azaxanthenones,lOJ1 azathiaxan- 
thenones,"v12 thiachromanones," thio~hromones,~~ 
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N -  (9'-xanthenyl) carbama tes, N -  (9-xanthenyl) - 
amides,ls tetrahydroquinolines, l 7 ~  l8 diphenylsul- 
fides,' and p-toluidine  derivative^.^^^^^ 

The dialkylaminoalkylamino derivatives re- 
ported prior to the initiation of the work described 
herein contained a secondary aromatic amine, a 
structure characteristic of the 4 and &amino- 
quinoline antimalarials. It has been suggested that 
the antimalarial activity of the 4, 6-, and 8-amino- 
quinolines is dependent on the possibility of forma- 
tion of tautomeric quinone forms involving the 
ring nitrogen and the nuclear amino group.20 On 
the assumption that generalities which may apply 
to certain antimalarial series do not necessarily 
extend to schistosomiasis chemotherapy, we ini ti- 
ated the synthesis of various l-[(dialkylamino- 
alkyl)methylamin0]-4-methyl-lO-thiaxanthen ones. 
The thiaxanthenones described in the present com- 
munication are represented by formula 111, where 
X is a hydrogen or chlorine atom, Y is an alkylene 
radical, and RI and R2 designate alkyl or hydroxy- 

alkyl radicals, or taken together with -N a 

saturated heterocyclic ring. 
The above compounds (Table 11) were prepared 

by the condensation of a 1-chloro-4-methyl-10-thia- 
xanthenone (11)6 with various N,N-dialkyl- 
N'-methylalkylenediamines (Table I) in boiling 
pyridine, or by allowing 1- [methyl(2-chloroethyl)- 
amino]-4-methyl-lO-thiaxanthenone hydrochloride 
[V, where X is -H, and Y is -(CH2)2-], to react 

/ 
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with an excess of the appropriate amine. Although 
the secondary anline attached to the thiaxanthenone 
nucleus in Miracil D is not usually basic enough to 
provide stable salts, presumably because of hydro- 
gen bonding, the tertiary amine group in com- 
pounds of general structure 111 is more basic and 
allows the isolation of the compounds as stable di- 
hydrochlorides. 

The intermediat'e I-chloro-4-methyl-10-thiaxan- 
thenones (11) have been described previ~usly.~ 
1 - [Methyl(2- hydroxyethy1)aminoI -4 - methyl - 10- 
thiaxanthenone [IT, where X is -H, and Y is 
--(CHn)s-] was prepared by heating N-methyl- 
ethanolamine and a, mixture of I-chloro-4-methyl- 
lO-t,hiaxanthenone and its isomeric 4-chloro-l- 
methyl-10-thiaxant,henone in boiling pyridine. 1- 
[Ethyl- ( 2  -hydroxyethyljamino] -4-methyl-10-thia- 
xantheiioiie hydrochloride, was prepared in a 
similar manner from N-ethylethanolamine. 1- 
[~lethyl(2-hydroxyetliyl)~n1irio]---l-methyl-lO-thia- 
xanthenone was converted t80 1- [methyl(2-chloro- 
ethyl)amino]-4-methyl-lO-thiaxanthenone hydro- 
chloride [V, where X is -H and Y is -(CHz)z-] 
by the action of thionyl chloride in chloroform. 

N,N,N'-Trimethylethylenediamine and N,N-di- 
ethyl-N'-methylethylenediamine are commercially 
available.21 Other N,N-dialkyl-N'-methylalkylene- 
diamines (Table I) were obtained by allowing a 
dialkylaminoalkyl chloride hydrochloride (VI) to 
react with an aqueous solution of methylamine in 
the presence of copper power and potassium car- 
bonate. Side-chains containing hydroxy groups 
were prepared by the following route: chloroacetic 
acid methylamide (VIII)22 was treated with a hy- 
droxyalkylamine. The crude aminoamides of type 
IX could not be induced to  crystallize and were re- 
duced without further purification to the desired N- 
alkyl- N- hydroxyalkyl-N'-methylalkylenediamines 

(21) The Ames Laboratories, Inc., South Xorwalk, Conii. 
(22) W. A. Jacobs, M. Heidelberger, and I. P. Ilolf, 

J .  Am. Chem. SOC., 41, 472 (1919). 
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(VII) with lithium aluminum hydride in dry tetra- 
hydrofuran. 

Most of the dialkylaminoalkyl chloride hydro- 
chlorides (VI) employed in this work are commer- 
cially available.** 2-Di-n-butyla"ethyl chloride 
hydrochloride and 2 4  1-piperidino)ethyl chloride 
hydrochloride, prepared by the action of thionyl 
chloride on the corresponding ethanolamines in 
chlorofor~n,~~ were not purified, but were allowed to 
react in crude form with aqueous methylamine. 
l-Ethyla,mino-2-methyl-2-propanol, previously 

prepared5 by the ' action of ethylamine on iso- 
butylene oxide, was prepared in 66% yield by 
lithium aluminum hydride reduction of N-ethyl-2- 
methyllactamidezs in dry ether. 

1 - [ (dialkylaminoalkyl) methylamino] - 4- 
methyl-10-thiaxanthenones listed in Table I1 were 
tested against Schistosoma mansmi in mice by P. E. 
Thompson and co-workers of these laboratories; 
when indicated, expanded studies were carried out 
against X. mansoni infections in hamsters and 
monkeys. Although details of these test results will 
be published elsewhere,26 it is noteworthy that 
many of the thiaxanthenones prepared were potent 
schistosomicides. Several of these compounds were 
also effective against experimental tumors in vitro 
and in vivo.27 

The 

 EXPERIMENTAL^ 
Methods for preparing N,N-dialkyl-N'-methylalkylene- 

diamines (Table I). Procedure I .  A solution of 2.0 moles of 
the appropriate dialkylaminoalkyl chloride hydrochloride in 
500 ml. of water was slowly added to a stirred solution of 10.0 
moles of 25% aqueous methylamine. The reaction mixture 
was held below 10'. Subsequently, 2.0 moles of anhydrous 
potassium carbonate and 2.0 g. of copper-bronze powder 

(23) 2-Dimethylamino-1-methylethyl chloride hydro- 
chloride, 2diethylaminoethyl chloride hydrochloride, 2- 
diisopropylaminoethyl chloride hydrochloride, and 3- 
diethylaminopropyl chloride hydrochloride, were purchaaed 
from the Michigan Chemical Gorp., St. Louis, Mich. 

(24) A modification of the procedure employed by H. 
Gilman and D. A. Shirley, J. Am. Chem. Soc., 66, 889 
(1944), for the preparation of 3-diethylaminopropyl chloride 
hydrochloride, waa used. 

(25) R. F. Rekker and W. T. Nauta, RE. trau. Chim., 
70, 249 (1951). 

(26) P. E. Thompson and co-workers, to be published. 
(27) E. Hirschberg, A. Gellhorn, M. R. Murray, and 

(28) Melting pointa are uncorrected. 
E. F. Elslager, J .  Nut. Cancer Inst., 22, 567 (1959). 

were added, and the mixture was boiled under reflux for 5 
hr. The cooled reaction mixture was treated with 500 g. of 
solid sodium hydroxide, and the diamine extracted thoroughly 
with ether. The combined ether extracts were dried over 
anhydrous potassium carbonate, and the solvent removed on 
a steam bath. The residue was distilled through a twelve- 
inch Vigreux column to give the desired N,N-dialkyl-N'- 
methylalkylenedismines aa colorless liquids. 

Procedure IZ. To 26.9 g. (0.25 mole) of chloroacetic acid 
methylamidea2 waa added 0.5 mole of the appropriate hy- 
droxyalkylamine, and the mixture warmed gently. After a 
short inception period, the temperature rose rapidly, but 
was held below 90" with external cooling. The mixture was 
maintained at 90" for 2 hr., cooled, and dissolved in 200 ml. 
of 1-propanol. Upon the addition of 100 nil. of dry ether, 
the hydroxyalkylanline hydrochloride neparated ; the ad- 
dition of dry ether (400 ml.) was continued until no further 
amine hydrochloride precipitated. The solution was decanted 
from the precipitated salt,, shaken with magnesium sul- 
fate to clarify, filtered, and concentrated in vacuo to an oil. 
The residual oil waa repeatedly concentrated in vacuo from 
anhydrous benzene to remove traces of 1-propanol and water. 
The crude oil thus obtained could not be induced tjo crystal- 
lize, and waa added dropwise with stirring to a suspension 
of 0.53 mole of lithium aluminuiii hydride in 300 ml. of dry 
tetrahydrofursn. The mixture was boiled under reflux wit Ii 
stirring for 15 hr., cooled in an ice-bath, treated cautiously 
with 35 ml. of water, and filtered. The solid was mashed hy 
boiling with ether and ethyl acetate, thc mixturc. filtered, 
and the combined filtrates concentrated to an oil and thc 
residue distilled in vucuo. 

Methods for  preparing 1- [ (dzalkylan~inoaEkyl)~ne~~k~~lanzinol- 
~-methyGIQlhiazunthenones (Table 11). Procedure I. A mix- 
ture of 0.07 mole of 1,7-dichlor0-4methyl-l0-thiaxa nt he- 
none, 20 g. of the appropriate N,N-dialkyl-N'-methyl- 
alkylenediamine, and 20 ml. of pyridine was stirred and 
boiled under reflux for 18 hr. The mixture wss cooled, 25 
ml. of 50% aqueous potassium hydroxide solutioii was added, 
and the mixture steam distilled to remove volatile liasc!s. 
Upon cooling, the residue W ~ S  extractrd thoroughly with 
chloroform, and the combined chloroform extracts dricd 
over anhydrous potassium carbonatc for 18 hr. The drying 
agent was collccted by filtration, and the cliloroform solution 
evaporated in uacuo to a red oil. The residue was cxtractcd 
with ether, and the combined cthcr extracts (decolorizing 
charcoal) treated with anhydrous hydrogen chloride. Thc 
hygroscopjc yellow solid that separated was collccted by 
filtration and dried in Vacuo a t  room temperature. Crystal- 
lization from the solvents indicated, to which a fen drops of 
concentrated hydrochloric acid or ethanolic hydrogen clilo- 
ride had been added, gave the pure hydrochlorides, which 
were allowed to equilibrate in the air prior to analysis. 

Procedure ZZ. A mixture of 0.07 mole of 1-chloro-4methyl- 
10-thiaxanthenone, together with t,he isomeric 4-chloro-l- 
methyl-10-thiaxanthenone, 40 g. of pyridinc, and 20 g. 
of the appropriate N,A~-dialkyl-~'-~n~th~lalkyleiicdiamine 
was heated under reflux for 18 hr., cooled, and trratud with 
25 ml. of 50% potassium hydroxide solution. After steam 
distillation to remove the volatile bases, the residue was 
cooled and the supernatant liquid carefully decanted. Thc 
residual cake was thoroughly extracted with hot 10% acetic 
acid, the acetic acid extracts combined, treated with decolor- 
izing charcoal and made alkaline with sodium hydroxide 
solution. The precipitated base was extracted with chloro- 
form, and the combined chloroform extracts dricd over an- 
hydrous potassium carbonate. The chloroform was evapo- 
rated in vacuo, the residue dissolved in dry ether, and the 
combined ether extracts treated with anhydrous hydrogen 
chloride. The yellow solids that separated were collected 
by filtration, washed with ether, and crystallized from the 
appropriate solvents, to which a few drops of Concentrated 
hydrochloric acid or ethanolic hydrogen chloride had been 
added. The compounds were allowed to equilibrate in thc 
air prior to analysis. 
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Procedure IIZ. A mixture of 0.03 mole of 1,7-dichloro-4- 
methyl-10-thiaxanthenone, 0.04 mole of the appropriate 
N-alkyl-N-hydroxyalkyl-N'-methylalkylenediamine, and 10 
to 25 ml. of pyridine waa boiled under reflux for 16 hr. 
Upon cooling, the mixture was leached with 200 ml. of 2N 
hydrochloric acid, filtered, and the acid filtrates extracted 
with two "I. portions of Chloroform. The acid extracts 
were made alkaline with dilute potassium carbonate solu- 
tion, and the basic solution extracted with three 75-ml. 
portions of chloroform. The chloroform extracts were com- 
bined, dried over anhydrous sodium sulfate, and concen- 
trated to a red oil. The residue was repeatedly evaporated 
from xylene in vacuo to free it from traces of pyridine, dis- 
solved in 25 ml. of absolute ethanol, treated with ethanolic hy- 
drogen chloride, and precipitated with absolute ether. For 
analysis, the thiaxanthenones were dried in high vacuum 
a t  60" for 4 hr. 

Procedure IV .  A slurry of 6.0 g. (0.016 mole) of 1-[methyl- 
(2-chloroethyl)amino]-4methyl-l0-thiaxanthenone hydro- 
chloride in water was made alkaline with eodium hydroxide 
and the base extracted with ether. The combined ether 
extracts were dried over anhydrous potassium carbonate and 
the ether removed in vacuo. The residue was dissolved in 
25 ml. of piperidine and the solution was stirred and heated 
on the steam bath for 2 hr. The reaction mixture was cooled 
and poured into aqueous sodium hydroxide. The product 
was extracted with chloroform and the combined chloroform 
extracts were washed thoroughly with water and dried over 
anhydrous potassium carbonate. The drying agent was 
collected by filtration, the chloroform was removed in 
v a m ,  and the residue was dissolved in anhydrous ether and 
poured into ether containing excess ethanolic hydrogen 
chloride. The pale yellow solid was collected by filtration, 
dried in vacuo at 45", and crystallized from a 2-propanol- 
acetone mixture. 

1- [Methyl (,%hydrozyethyZ)amino] -4-methyG10-thiazanthe 
none. A mixture of 338 g. (1.3 moles) of 1-chloro-Pmethyl- 
10-thiaxanthenone, mixed with 4-chloro-l-methyl-l0--thia- 
xanthenone, 98 g. (1.3 moles) of N-methylethanolamine, and 
500 ml. of pyridine was boiled under reflux with stirring for 
18 hr. After cooling, a solution of 25 g. of potassium hydrox- 
ide in 50 ml. of water was added, and the mixture steam- 
distilled to remove volatile bases. The residue was cooled, 
filtered, and the solid dried for 18 hr. at 80" in vacuo. The 
crude solid was added to 1.2 1. of hot glacial acetic acid, and 
the solution diluted to 7 1. with hot water. The resulting 
suspension waa brought to B boil and filtered, The pale 
yellow solid was washed with hot water and discarded. 
The acetic acid solution was made alkaline with saturated 
sodium hydroxide solution and the liberated base extracted 
with chloroform. The chloroform extracts were combined 
and dried over anhydrous potassium carbonate. The drying 
agent was collected by filtration, and the chloroform evapo- 
rated in vmuo to yield a viscous oil that solidified upon cool- 
ing. The solid was suspended in 2 1. of boiling ether and fil- 
tered. Dry hydrogen chloride was bubbled into the ether solu- 
tion to precipitate 45 g. of the yellow hydrochloride salt, m.p. 
143-146". The material which did not dissolve in the ether 
was crystallized from methanol to yield 70 E. of the base, 
m.p. iio-1130. 

Found: C. 68.1: H. 5.9; N. 4.7. 

- 
Anal. Calcd. for C ~ T H ~ ~ N O ~ S :  C, 68.2; H, 5.7; N, 4.7. 

1 -[Methyl (2~-chlo~o~hyl )amino]  -4-ntethyGlQ.thiazanthe- 
none hydrochloride. A solution of 42 g. (0.14 mole) of 1- 
[methyl(2 - hydroxyethy1)aminol - 4 - methyl - 10 - thiaxan- 
thenone in 500 ml. of dry chloroform wm added over a 
period of 0.5 hr. to a stirred solution of 35 g. (0.29 mole) of 

thionyl chloride in 500 ml. of chloroform heated under reflux. 
The mixture waa boiled under reflux for 2 hr. and the chloro- 
form removed in vacw, on the steam bath. The viscous resi- 
due solidified upon trituration with anhydrous ether. The 
brown solid was washed thoroughly with hot acetone and 
dried. Crystallization of the crude product from a dioxane- 
ether mixture (decolorizing charcoal) gave 16 g. (33%) of 
the hydrochloride salt, m.p. 151-153' dec. 

Anal. Calcd. for C17Hl&INOS.HCl.H20: C, 54.9; H, 5.2; 
N, 3.8; C1, 19.1; HeO, 4.8. Found: C, 54.8; HI 5.4; N, 3.8; 

1- [Ethyl (%hydrozyethyl)amino] -4-methyG15thiazanthe- 
none monohydrochloride. A mixture of 52 g. (0.2 mole) of 1- 
chloro-4-methyl-lO-thiaxanthenone, mixed with 4-chloro-l- 
methyl-10-thiaxanthenone, 75 ml. of N-ethylethanolamine, 
100 ml. of dry pyridine, and 0.5 g. of copper-bronze powder 
waa stirred and boiled under reflux for 22 hr. Upon cooling, 
20 g. of potassium hydroxide in 30 ml. of water was added, 
and the mixture steam-diatilled for 3 hr. to remove volatile 
bases. The aqueous solution was decanted from the residual 
solid, and the solid was extracted thoroughly with chloro- 
form. The combined chloroform extracts was exhaustively 
extracted with 10% acetic acid, and the combined acid 
extracts made alkaline with sodium hydroxide and the base 
extracted with chloroform. The chloroform extracts were 
washed with water and dried over anhydrous potassium 
carbonate. The chloroform was removed in vacuo to give an 
oil, which solidified upon cooling. The residue was dissolved 
in dry ether (decolorizing charcoal), and evaporated to 
give an oil, which was subsequently dissolved in methanol 
and treated with an excess of ethanolio hydrogen chloride 
and acetone. The yellow precipitate waa collected by filtra- 
tion and crystallized from an ethanol-acetone mixture to 
give 11 g. of yellow needles, m.p. 205" dec. 

Anal. Calcd. for Cl8€IlpNO2S*HC1: C, 61.8; H, 5.8; N, 
4.0. Found: C, 61.3; H, 5.8; N, 3.9. 
1-Ethylamino-2-methyl-2-propunol.6 To a stirred suspen- 

sion of 20 g. (0.53 mole) of lithium aluminum hydride in 
300 ml. of dry ether was added 46.9 g. (0.36 mole) of N -  
ethyl-2-methyllactamide16 in 200 ml. of dry ether. The 
mixture was stirred and boiled under reflux for 12 hr. Upon 
cooling, the mixture was cautiously treated with 35 ml. of 
water, filtered, the filtrate concentrated to an oil, and dia- 
tilled in vacuo; yield, 29.6 g. (6675), b.p. 54-56'/13 mm., ny 
1.4351. 

Anal. Calcd. for C6HlsNO: C, 61.5; H, 12.9; N, 12.0. 
Found: C, 62.1; H, 13.4; N, 11.8. 

The hydrochloride crystallized from an ethanol-ether 
mixture as long needles, m.p. 155-158". 

Anal. Calcd. for CsHlsN0HCl: C, 46.9; H, 10.5; N, 9.1. 
Found: C, 47.0; H, 10.6; N, 9.0. 

C1, 19.1; HtO, 5.1. 
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