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A Sulfur Analog of the Plasmochin Type : 8-(~-Diethylaminopropylamino)-6-quinolyl 
Methyl Sulfide1 

J. E. MYERS AND L. TOLMAN 
BY H. GILRIAN, R. A. BENKESER, G. C. GAINE:R, A. E. LINDBLAD, F. J. MARSH.\LL, S. P. hlaSSIE, JR., 

In connection with studies on experimental 
avian malaria it was desirable to prepare a type 
of the long-known plasmochin [I] in which the 
6-methoxy group is replaced by a B-methylnier- 
cnpto group. The sulfur analog which has been 
prepared is h- ( ydiethylarninopropylamino) -0- 
quinolpi tncthyl sulfide [TI] . 
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The following sequence of reactions was used 

in the synthesis of the sulfur analog. 
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( 1 )  Most of the work described in this paper was done under a 
contract, recommendt:d by the Committee on Medical Research, be- 
tween the Office of Scientific Research and Development and Iowa 
State College. 
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The position of the nitro group in [ I  I1 1 wa1s 
established as follows 
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Compound [IV] was shown to be identical with 
an authentic specimen prepared by the nitration 
of 6-chloroquinoline. 

Some orienting experiments showed that it was 
not practicable to replace the chlorine in G-chloro- 
8-nitroquinoline directly by an alkylmercapto 
group. I t  was for this reason that the synthesis 
started with a nitro group in the %position so 
that the adjacent chlorine would be activated for 
the reaction with sodium methylmercaptide. 

Experimental 

NO2 

v,., -- 

6-Ch~oro~8-ni~roqninoline.-~'~hc general procer'iirc' cf 
Richter and Smith2B was followed using one mole of 2- 
nitro-f-chloroaniline, four moles of dried glycerol, three- 
fourths inolc of arsenic pentoxide and a weight of conc. 
sulfuric acid equal to  ,55Yc of the weight of the glycerol. 
In  this manner, 193 g. (92.5%) of dry, crude product 
melting at 142-155° was obtained in a one mole run. The 
crude product was recrystallized from hot acetone contaiii- 
ing decolorizing charcoal, and the yield of chloro-nitro 
compound melting at 158-159" was 140 g. (e:%,). 

6-Chloro-&aminoq iino1ine.- -The reduction of k h l o r o -  
8-nitroquiiioline to fi-chl.Jro-8-aminoquinoliiie hy s t  aniiouc 
chloride and hydrochloric acidzb was found to be somewhat 
unwieldy. Two other procedures were examined, and of 
these the catalytic method (using Raney nickel) is pre- 
ferred. A solution of 15 g. (0.072 mole) of pure 6-chloro-8- 
nitmquinoline in 200 cc. of absolute ethanol was hydro- 
genated in the presence of Raney nickel under three atmos- 
pheres of hydrogen at a temperature of 95-100' in one 
hour. After filtration and removal of the ethanol the re- 
sultant oil was distilled at 125-130" (0.5 mm.) to  yield 
11.5 g. (goy0) which melted at 72-73' after solidification. 

In the other reduction, 15 g. (0.072 mole) of the crude 

(2) (a) Richter and Smith, THIS J O C R N A L ,  66, 396 11944). (b) 
Richter and Smith, "Phenanthroline and Substituted Phenanthroline 
Indicators," published by the G. F. Smith Chemical Co.,  Columbus, 
Ohio. 
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6-chloro-S-nitroquinoline (m. p., 142-145') was dissolved 
in 200 cc. of 9.5r: ethanol; 1 cc. of concd. hydrochloric 
acid w:is atlrletf, antl then 15 g. (0.27 g. atom) of iron 
pou-der, The mistmc mas refluxcd for three hours, fil- 
tered, and  distilled to  yield 9 g. (XIS,) of fi-chloro-8- 
aminoquiiioliiic lioiliiig a t  125-1.70" (0.5 nini.). The prod- 
uct from eitlier reduction melts at 73" after crystalliza- 
tion from petroleum 

A f t  cr the i nit ia 1 rvac- 
t ion of 17 ,s  g.  ( 0 .  I iiiolc) nf C,-c.Iiloro-X-airiinoquinoiiiioliiic. i l l  
13 cc. of l ) t , i i L i * i i c b  with 11.2 g. (0.11 mole) of acetic an- 
hydride, the solution WdS refluxed for fiftecn minutes, 
The weight of product obtained after washing the filtered 
crystal? with petroleum ether (b. p., 60-68") was 20 g.  
( 9 1 5 ) ,  antl thi- nielting point was 145-147'. After rc- 
crystallizatioii froin lxuzcric. the cliloro-acct3iniiin coiit- 
pound incltc.tl : i t  I lK.7 1 17.5". 

A I t d  c:lliYl. Io!- C*, , lLOS:,CI:  s ,  13.iis. 1~l)utld: 
s, 12.80. 

From 10s fi. (0.i; uiolci of O-cliIoro-8-a1iiirioquinoliilt., 
300 cc. ol lieuzenc containing a few drops of ammonium 
hydroxide, 70.4 g .  (0.69 mole) of aeetic anhydride, therc 
was obtained after refluxing for fifteen minutes 127 g. 
(9670) of acetainino compound a s  colorless needles 
melting at 144.5-145.5' subsequent t o  crystallization from 
a mixture of petroleum ether (b. p., 60-68') and benzene. 
5-Nitro-6-chloro-8-acetaminoquinoline.3-To 50 cc. of 

cold, stirred concd. sulfuric acid was added 9.8 g. (0.041 
mole) of finely powdered 6-chloro-8-acetaminoquinoline. 
Then a cool solution of 5.6 g. (0.056 mole) of potassium 
nitrate in 20 cc. of concd. sulfuric acid was added during 
twenty minutes t o  the stirred mixture which was kept a t  
a tetiipxature of 20-25'. The mixture was allowed t o  
stand s t this temperature for four and one-half hours 
and then poured upon 700 g. of chopped ice. The lemon- 
yellom xitro compound was filtered, washed with water, 
and the suspension made slightly alkaline with ammonium 
hydroxide whereupon the color changed t o  olive green. 
Recrystallization from 95yG ethanol in the presence of de- 
coloriziiig charcoal gave 7 g. (60%) of pale yellow com- 
pound melting a t  190-193". The sample prepared for 
analysi: melted at 195-196". 

A n d .  Calctl. for C,,H,O3S,Cl: S, 15.82. Found: 
N, 15.7(\, 

I n  othcr nitrations starting with 44 g. (0.2 mole) of 
6-chlorc~-8-aectaminoquinolinc, the yield of nitro com- 
pouiid r,ieltiiig a t  193-194" was 22.6 g. (43%) and, in addi- 
tion, ttierc was recovered 19 g. ( 4 3 5 )  of 6-chloro-8- 
acetaminoquiiioline melting a t  141-145". In these par- 
ticular nitrations the reaction temperature was 15-20'. 
5-Nitro-6-chloro-8-am~noquinoline.-A suspension of 5 

g. (0.01.89 mole) of pure 5-nitro-6-chloro-8-acetamino- 
quinoline in 240 cc. of hydrochloric acid (two parts concd 
hydrochloric acid and one part water) was gently heated to 
boiling with rapid stirring, and then refluxed for ten 
minutes. After cooling to  O ' ,  the solution was neutralized 
by a 2 0 ~ 0  solution of sodium hydroxide to  give 4.2 g. 
(quantitative yield) of orange colored product melting a t  
190-194 '. The melting point after crystallization from 
95% ethanol was 198.5'. 

Anal.  Calcd. for C ~ H ~ O J ~ C l :  X, 18.90. Found: 
s, 19.05. 

Deamination of 5-Nitro-6-chloro-8-aminoquinoline.- 
To a cold, stirred mixture of 38 cc. of 95% ethanol and 9.6 
cc. of concd. sulfuric acid was added 1.42 g. (0.0063 mole) 
of 5-nit1-o-6-chloro-8-arninoquinolinc. After heating with 
stirring t o  60" the finely divided lemon-yellow suspension 
was thcti cooled to  O o ,  and diazotized by the addition of 
0.66 g. (0.0096 mole) of sodium nitrite in 12.4 cc. of water. 
The salmon-piuk suspension was allowed t c  stand for one- 
half hour below 10"; then 0.44 g. of copper bronze was 
added, :iiid the mixture was warmed gently under a reflux 
condenser until an  cnergetic evolution of gas set in. Fi- 
nally, the mixturc was heated for ten minutes on a steain- 

(3) This preparation was adapted from the procedure of Keilin 
snd Cass TEXIS JOURNAL, 64, 2442 (1942). 

6-Chloro-8-acetaminoquinoline. 

-- 

solution was poured into ice lvater, 
sodium hydroside, filtered, anti the 
h 95y0 ethanol. The ethanol was 

removed, after treatment with decolorizing charcoal, and 
from the ether extract ot the residue thcrc  as obtained 
0.3 g. ( 2 3 5 )  of colorlcss crystals melting a t  128-129". 
A mixed m. p. with an authentic specimen of 5-nitro-6- 
chloroquinoline, prepared by nitration of 6-chloroquinoline 
i n  accordance with the procedure of Chiis n r i d  Schedlcr.4 
showetl 1 1 0  tlrprcssioii. 

5-Nitro-8-amino-6-quinolyl Methyl Sulfide: -A 0.94 
molar solution of sodium methyl mercaptide was prepared 
by dissolving 10.5 g. (0.45 g. atom) of sodium in 300 cc. of 
methyl cellosolve, chilling the solution below 0' by an 
ice-salt-bath, adding 25 g. (0.52 mole) of methyl mer- 
captan, aitd diluting to  450 cc. One hundred and fifty 
cc. (0.14 inolc'i of this sodium incthyl mercaptide solution 
i i i  iiictliyl cellosolvc. ~ Y L L  addcti to a refluxing solution of 
:{2.,7 g .  ('0.1 2 innlc) of ~-nitro-A-chloro-X-acetaminoquino- 
linc iii 400 cc. nf methyl cellosoIve over n ten-minute 
period. A solid precipitated, and the mixture was refluxed 
for fifty minutes. Subsequent t o  cooling, filtration, wash- 
ing with water, and drying there was obtained 24.8 g. 
(88%;) of orange-colored product melting a t  243-244'. 
The melting point was unchanged after recrystallization 
from methyl CellQsOlVe. The amino compound is unusually 
irisoluhle in most organic solvents, but is soluble in dil. 
hydrochloric acid. 

Anal.  Calcd. for CIOH~OJVZS: S, 17.87; S, 13.61. 
Found: S, 18.41 and 18.33; S, 13.49 and 13.31. 

The condensation with sodium methyl mercaptide is 
quite rapid, for in a similar preparation in which the mix- 
ture was refluxed for five minutes the yield was 83'3,. 
The yield was not improved. in other experiments with 
longer periods of refluxing. 
5-Nitro-8-acetamino-6-quinolyl Methyl Sulfide.-From 

6.8 g. (0.028 mole) of 5-nitro-8-amino-6-quinolyl methyl 
sulfide and 70 cc. of acetic acid and 7 cc. of acetic anhydride 
was obtained 7.1 g. (91yo) of the acetamino compound as 
yellow needles which melted a t  203-204' after recrystalli- 
zation from ethanol. 

Anal. Calcd. for C12HllOaX:SS: Y, lT,.16; S ,  11.29. 
Found: N, 15.20; S, 11.19. 

From a preparation involving 41.2 g. (0.175 mole) of 5- 
t1itro-8-amino-6-quinolyl methyl sulfide in 120 cc. of glacial 
acetic acid, and 45 g. (0.44 mole) of acetic anhydride with 
a fifteen-minute period of refluxing there was obtained 
48.1 g. (99yo) of product melting a t  202-203'. 

The acetamino compound (0.5 g.) was hydrolyzed to  
5-nitro-8-amino-6-quinolyl methyl sulfide by heating for 
two minutes in 15 cc. of conc. hydrochloric acid and 15 cc. 
of ethanol. 
5-Amiso-8-acetamino-6-quinolyl Methyl Sulfide.-A 

solution of 3.5 g. (0.0126 mole) of 5-nitro-8-acetamino-6- 
quinolyl methyl sulfide in 100 cc. of absolute ethanol was 
reduced with Raney nickel at a pressure of about 40 pounds 
of hydrogen. The ethanol was completely removed by 
distillation at reduced pressure; then the residue was 
washed out with petroleum ether (b. p., 60-68") and 
filtered t o  give 2.9 g. (91%) of product melting a t  139- 
140'. Recrystallization from ethanol gave material melt- 
ing a t  141-143'. It appears that  recrystallization from a 
mixture of benzene atid petroleum ether is t o  be preferred 
for a product with the same melting point (141-143') is 
obtained without the discoloration noted when ethanol 
was used. Traces of water in the prescnce of air appear to  
cause darkening of the product; hut the dried compound 
is apparently quite stable. 

Anal. Calcd. for ClyHj,ON,S: N, 17.0; S, 12.95. 
Found: JS, 16.90; S, 12.66. 

Deamination of 5-Amino-8-acetamino-6-quinolyl Methyl 
Sulfide.-To a suspension of 10 g. (0.04 mole) of the amine 
in 200 cc. of water and 20 cc. of concd. hydrochloric acid 
was added dropwise a solution of 2.8 g. (0.04 mole) of 

(4) Claus and Schedler, J .  prakf. Chem., 49, 359 (1894). 
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sodium nitrite in 30 CC. of water a t  0". Then t o  the clear 
solution was added 15 g. of SO%,, hypophosphorous acid, 
;tnd the solution was allowed t o  stand in an ice box for 
twenty hours. After making basic with sodium hydroxide, 
the mixture was extractedj with ether, the ether was re- 
moved by distillation, and the residue was dissolved in a 
solution of 7 0  cc. of benzene and one cc. of acetic an- 
hydride. .4ftcr rrmoving some hcnzenc and adding sonit' 
Iwtrolciiiri ( , t l i i ~  ( 1 ) .  1'. iiO--f%'), 4 g. (-+:?%,l of ~ ) rodur t  melt- 
ing a t  1 :W 1 :kin \vas o1)tainctl. Kccrystallizatioii frotii a 
inixturc. of 1)cii:tciie arid absolute cthauol gave an analytical 
.;ample ineltiiig a t  133-134". 

Anal. Calcii. for Cl2HI2OS2S: S, 12.05; S, 13.i4. 
Found: N,  12.26; S, 13.79. 

From ariothir  tieamiuatiou (of 22 g. or 0.089 iiiolc of the 
amine) in ivhieli chloroforin aiid ether were used in thc cs- 
traction5 tlir yield of product inelting a t  123-128' was 1:j 
g. (657(,). This material was hydrolyzcd by refluxing for 
twenty riiiiiutes with 100 cc. of coned. 1iydrochlor:c acid. 
Neutralizatioii and cstraction with a large volume *of ben- 
zene gave 8 g. (4756) of amine distilling a t  182-153' (0.7 
mm.), and melting a t  76-78". The same 8-amho-6- 
quinolyl methyl sulfide was obtained by liydrochlor ic acid 
hydrolysis of sonic pure 8-acetatnino.6-quinolyl methyl 
sulfide. 

Anal. Calcd. for CloH&2S: N, 14.72. Ti'ou~itl: 4, 
14.92. 

I n  some subsequent preparations the acetamino con-  
pound was not isolated. Instead the chloroform and car- 
bon tetrachloride (the mixture used in the later ,extrac- 
tions) was removed, and the residue was hydrolyzed by 
1 :1 hydrochloric acid to  give 51y0 of 8-arnino-6-quinolyl 

( 3 )  The extrac;:ions were somewhat tedious due t o  the emulsions 
nd the l u g e  quantity of solvent needed. 

methyl sulfide distilling a t  143-145'(0.4 mm.) aiid melting 
a t  78' (withsofteningat 74"). 
5,8-Diacetamino-6-quinolyl Methyl Sulfide.- Xiis  di- 

acetarnino compouud, prepared in bcuzciit. from k m i u o -  
8-aeetamino-6-quinolyl inethyl sulfide aut1  acetic an- 
hydride, melted a t  242-243". 

Anal. Calcd. for C,4HI6O?N~S: X, 1 t.rdl. Found: 
N, 15.0 and 15.17. 
8-(~-Diethylaminopropylamino,1-6-quinolyl Methyl Sul- 

fide, Dihydrochloride. --Four grains of X-airiiiio-fi-q~iiiiolyl 
~ncthyl  sulfide (0.021 mole), 3.75 g. (0.025 mole) of freshly 
distilled y-diethylatniiiopropyl chloride and 5.4 g. (0.02 
mole) of sodium citrate were added to 25 cc. of commercial 
absolute ethanol and the mixture was refluxed for forty- 
eight hours. It was then cooled, pourctl into 2.50 cc. of 
ivatcr, atid inadc strongly ha4c with solid sotiiuni hy- 
tlroxitlc. Thr solutioii w:i< cxtraclcil with ctlicr, and after 
tlrying t h c  ether l a y t ~  nvt'r s o d i i i i i i  -,ulfate i t  wa.; filtered. 
lSthanolic hydrogeii chloride wa.s actdcrl 1 o Ixecipitate a 
yellow tlihydrochloride. After several rccrystallizat icus 
from a 959.6 ethanol--ether mixture, 3.0 g. (:38$;) of yellow 
needles were obtained melting a t  214-218" in a rapidly 
heated bath, but with some preliminary ioftenitig. The 
analytical sample melted a t  217-220". 

d n a l .  Calcti. for C,;HX,N,S.XHCI: C1, IS.9; S, 8.5. 
Foulid: CI, 18,s; s, 8.3. 

Summary 
In connection with studies on experimental 

avian malaria, S- ( y-diethylaminopropylamino) - 
6-quinolyl methyl sulfide has been prepared. 
This compound is a sulfur analog of plasmocid. 
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Synthesis of 1-Alkylamino-4-bromopentane Derivatives and of Other Amino Halides' 
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In a subsequent paper2 the synthesis of a num- 
ber of %(substituted aminoalky1amino)-quinoline 
derivatives is described. In  the present paper we 
wish to present a description of the syntheses used 
for the preparation of the intermediate amino- 
alkyl halide:; required for the 8-aminoquinoline 
derivatives. The majority of the amino halides 
fall into two main structural groups, na.mely, 
those represented by the type formulas 

S(CH2).\j<R1 and CH3CI-IRrC111CHr.C€I?SI-IR 

Variations in group I involved for the most part 
changes in F.1, representing an alkyl group, while 
Rz remained constant as hydrogen, in the cases 
where n = 3 and 6. Bromides with TL = 5 and 7 
and KI = I<:: = ethyl were also prepared. Varia- 
tions in group I1 involved variations of It. 

12 2 

r T I  

(1) The work described iu this paper was done under a contract, 
recommended by the Committee on Medical Research, between the 
Office of Scientific Research and Development and Columllia Uni- 
versity. 

(2) Elderfield, el ol..  TEIIS JOURNAL, 68, 16S4 (1946). 

For the synthesis of 3-tt-propylamino-1-chloro- 
propane advantage was taken of the greater 
reactivity of the bromine as compared to the 
chlorine in trimethylene chlorobromide, and the 
desired aminochloride was thus prepared by con- 
densation of trimethylene chlorobromide with n- 
propylamine. A similar synthesis with isopro- 
pylamine did not give favorable results, so that 3- 
isopropylamino-1-chloropropane was prepared 
by reaction of isopropylamine with trimethylene 
bromohydrin followed by replacement of the 
hydroxyl group in the interniedintc. %i~prop?-l-  
aniinopropanol-1 hy chlorine. 

The general method used for prepriiig the 
aminohalides of Type I where 71 = 5, (i, and 7, 1il 
is an alkyl group and K2 is ail alkyl group or 
hydrogen was based on a re:tctioii originally used 
by Clarke4 and extended by Drake, et U E . , ~  for the 
synthesis of f i - t l i e t h y l a i n i ~ ~ o - l - b r ( ~ i i i ~ ~ i ~ ~ ~ ~ ~ i ~ c  'IC- 
cording to the following equations 

(3) Drake et nl., zbid , 68, 1540 (1946) 
( 4 )  Clarke, J .  Chem. SOC., 103, 1689 (1913). 
(5) Drake, el at., TEIS JOURNAL, 68, 1536 (1946). 


