
Synthetic Schistosomicides. VIII. &-Mono- and 
N ,IY -Dialliyl-N'- (4- arylazo- 1 -naphthyl) alkylenediamines 

aiid Related Compounds' 

Several hrmdred x-iiioiio- : ~ i i ( l  ~ , ~ - d i a l k y ~ - ~ ' - ( ~ - a r ~ l a x r J - l - ! ~ a p ~ ~ t ~ ~ y ~ ) a l ~ y ~ e t l e d i a r n i i l e s  (111) were synthesized 
liy (1) coiipliiig a diazotized arylamine vith the appropri:tte l-(:tminoalkyl~tiaphthylamine, (2) amination of n 
N-( w-haloalkyl)-i-( arylnzo)-l-tiaphthyl:~rnitie, :tiid i :3 )  hydrolysis of N-( aminoalkyl)-X- [+( arylazo)-1-naphthyl]- 
"!2,,"-trifluoroacetsmides or form:imides. Schistosomicidal activity among the S,S-dialkyl-ru"-(4-arylaao-l- 
iinphthyl)alk~leiiedi:tmitie.: i,: widespread, :tiid tneiity-tiiiie compouiids cured Schistosoma mansoni infections 
i t 1  mice at  doses ratigiiig from 78 to 734 iny/kg per day for 14 days. Six compounds were evaluated against S. 
iiiansoni infections i r i  rliesiis inciiikeyi and each sho\T-ed sigliificant antischistosomsl activity iri this host. Struc- 
tiire-:ict,ivity relatiotisliips are tliscu 

During thc course of roiitiriuing cfYort5 i n  the,c 
laboratories t o  develop noxd sclilqtosoniicidnl agents, 
1 t was discovered that T nr iou~  [4- (di~lliyl~niinoallryl- 
:tinino)-l-naplithylnzo]heterocyclic conipounds (I) poq- 
qcss strong therapeutic :ictir-itp :gainst A%histosoinn 

NHYNR,R- 
I 

@ 
N=N-Het 

X 

I 

iitansorii in esperiinentnl :tiiiiiids.2,'4 IVc 1i:ivc bcon 
:irtivcly engaged i i i  extentliiig tliii: work to  other 
scries1,4-8 arid iiow n-ish to report the synthesis 
of a group of N-mono- and S,S-tlirtlkSrl-S'-(~-arylazo- 
I-~i~phthyl)alliyleriediaiiiines (111, where R, 1x1, aiid 
R2 represent a hydrogen ntom or an alkyl group, I' 
an  alkyleiic radical, X x hydrogen or halogen atom or :i 
Iiytlroxy or alkoxy group: :md 24r ii pheriyl or naphthyl 
i~:tdic:d), many of which cihibi  t rcni:irli:tblc sc.liis- 
tosomicidal :ictivity in mice. ,\fter the coniplctioii 
of  this work, the syr 

I 1 I 13rm ions imi>er: I .  

f ? )  I .  1'. l*~lslaac'r, I). I:. 
(iii:i (1964). 

( 4 )  IC. I'. Clslagrr. U. 13, ('ai,11?, I,,  \ I .  \ I ) .  1 ' .  \\ ortic, . J .  I?. A1eist.n- 
licldpr, anti 1'. E. Tlionil~son, iljid., 7 ,  48; 

. l ~ r ~ l i r r ,  %. I $ .  Garrilis, and 1,. \ I .  
\\ w h l ,  'Yature, in preparation. 

(71  1,. f i r .  TT-erl>~l, A ,  A I ,  .\riders, I:. 1 ' .  13lslagc>r, SI. I\. I X i c r ,  ani1 %. I:. 
( ;avr i l is ,  .1. S l r d .  Cti im. ,  i n  

:x1 p;. v. 1':lslagFr. 11. 15 .  1.. \ I .  \\'i,rl)el. iI,id., i n  prcgardt ion.  

1-dict liyl:tiiiino-S-~l-nnpht liylainirio)-2-prop:1nol was re- 
, , ~ r t e d . ~  

Three major routes (Chart I) were utilized in the 
preparation uf the S-mom- and N,N-dialkyl-S'- 
i4-arylazo-l-naplithyl)alkyleriecliai~~ines (111) (Tablcs 

CHART I 

Y NR1 RA 
R\ R\ 

x 
11 

C O H o r  I i  I 
R3C0, 

A'Y-Hal NYKRIK, 
I I 

R, 

I-\-) : (1) coupling a diazotized arylaininc with the 
appropriate 1-(aminoalky1)naphthylamine (I1)lo (route 
A) (procedure, I-IT); ( 2 )  amination of R N-(w- 
haloalkyl)-4-(arylazo)-l-naphthylamine (IV) with the 
appropriate amine (route B) (procedure VI) ; and (3) 
hydrolysis of an S- (aniinoalky1)-N- [4-(arylazo)-l-naph- 

( ' 1 )  11 \Ii tsi i i  r -1inaga and Ii Iiasai, Y u k z  Goseb Rayaku  Kgohar bhl 

(101 L 11 \ l c r l ~ c l  1) R Capl's E. F Elslager. \ \ .  l'edrlrnan, 1 \\ 
20 l i l  (1962) ('ir~rn A i - t r  57, 6069% (1962). 

clrort I i 15 rinstcin nnd 1)  I . \t orth,  J W e d  Chem , 6, h37 ( l 9 h J l  
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thyl]-2,2,2-trifluoroacetamide or formamide (V) (route 
C) (procedures V, VII, and VIII). Among them, 
route A proved to be the most useful because of the 
ready availability of a variety of diazo components and 
1-(aminoalky1)naphthylamines (11) .lo Route B was 
especially applicable for the preparation of groups of 
4-arylazo-1-naphthylalkylenediamines in which only 
the aliphatic amine portion was varied. 

The action of nitrous acid on various aromatic di- 
amines and hydroxyamines leads to t he formation of 
undesirable by-products,” thereby limiting the use- 
fulness of route A for the preparation of certain 4- 
arylazo-1-naphthylalkylenediamines with amino or 
hydroxy substituents in the aryl function. Efforts 
were made, therefore, t o  develop a more versatile 
synthetic route to  such compounds utilizing X-(di- 
alkylaminoalkyl)-l,4-naphthalenediamine derivatives 
as diazo components (route C). 

As anticipated,” attempts to use iY-(2-diethylamino- 
ethyl)-1,4-naphthalenediamine (VIIa)4 in diazotiza- 
tion-coupling procedures with aromatic amines and 
phenols under a variety of experimental conditions 
were unsuccessful, presumably because compounds 
of type VIIa undergo rapid oxidative decomposition 
both in basic and acidic media.4 However, N-(4- 
amino-l-naphthyl)-N-(2 - diethylaminoethy1)acetamide 

N = N c ~ H ~  

VI  

a, A=H 
b; A = COCHa 
C, A =  COOCzHs 
d; A = COCFs 
e, A =  CHO 

AH2 
VI1 

N 
/ I  
1;J 

NH (CHz)zN (C2Hb)z 
VI11 

(VIIb), 4-amino-N-(2-diethylaminoethyl)-l-naphtha- 
lenecarbamic acid ethyl ester (VIIc), N-(4-amino-l- 
naphthyl)-N-(2-diethylaminoethyl)-2,2,2 - trifluoroacet- 
amide (VIId), and N-(4-amino-l-naphthyl)-X-(2-di- 
ethylaminoethy1)formamide (VIIe) diazotized nor- 
mally and coupled readily with 1-(2-diethylaminoethyl- 
amin0)naphthalenelO in acidic media to give the azo 
compounds VIIIb-e (procedures V, VII, and VIII). 
Compounds VIIb-e were prepared by acylation of 
N,N-diethyl-”- (4- phenylazo-1 - naphthyl) ethylenedia- 
mine (VIa, 17) with acetic anhydride, ethyl chloro- 
formate, trifluoroacetic anhydride, and formic-acetic 
anhydride, respectively, followed by reductive scission 
of the intermediate N’-acyl-N,N-diethyl-Nr-(4-phen- 
ylazo-1-naphthy1)ethylenediamines (VIb-e) with hy- 
drogen over Raney nickel. 

(11) For a brief review, see K. H. Saunders. “The Aromatic Diaso- 
compounds and Their Technical Applications,” Edward Arnold and Co., 
London, 1949, pp 21, 30. 

Surprisingly, attempts to hydrolyze VIIIb and c to 
IY,N”-(azodi-1,4- naphthylene)bis(N’,N’ - diethylethyl- 
enediamine) (VIIIa, 209) under a variety of experi- 
mental conditions failed. However, N-(2-diethyl- 
aminoe thy l )  -N-{4- [4-(2-diethylaminoethylamino)-l- 
naphthylazol-1-naphthyl } -  2,2,2 - t r i flu o ro  ace t amid e 
(VIIId) hydrolyzed readily when treated with 2 N meth- 
anolic sodium hydroxide at room temperature to give 
VIIIa in 52% over-all yield from VIId (procedure V). 
Compounds 27, 61, 84, and IXb (203) mere prepared 
by alkaline hydrolysis of the corresponding trifluoro- 
acetamides in a similar manner (procedures V and 
VII). On the other hand formamide derivatives such 
as N-(2-diethylaminoethyl)-N- { 4- [4- ( 2  - diethylamino- 
ethy1amino)-1- naphthylazo ] - 1 -naphthyl form amid  e 
(VIIIe) and N- (2-diet hylaminoethy1)-N- [4- (2-hydroxy- 
1-naphthy1azo)-1-naphthyllformamide (IXa) were 
especially susceptible to acid hydrolysis yielding VIIIa 
and l-[4-(2-diethylaminoethylaniino)-l-naphthylazo]- 
2-naphthol (IXb), respectively (procedure T’III). 

N 
II 
N 

IXa, A = CHO 
b , A = H  

The hypothetical mode of action of several of 
the S, N-dialkyl-n”- (4-arylazo- 1 -naphthyl) alkylenedi- 
amines is worthy of special comment. Assuming that 
the azo function of N,N”-(azodi-1,4-naphthylene)bis- 
(T\“,N’-diethylethylenediamine) (VIIIa, 209) undergoes 
reductive scission in vivo,4 2 moles of K-(2-diethyl- 
aminoethyl)-1,4-naphthalenediamine (VIIa) would be 
formed. The diamine VIIa has been postulated4 to be 
a metabolite of 5-[4-(2-diethylaminoethylamino)-l- 
naphthylazo]uracil and related azo compounds2p3 
and has been shown to have potent antischistosome 
activity in vitro and in mice.4 By analogy, the cleav- 
age of bis(p-aminophenyl) { p-  [4-(2-diethylaniinoethyl- 
amino)- 1-napht hylazo ]phenyl }methanol (X, 93) or 
K- ( 5 -  { p -  [4- (2-diethylaminoethy1amino)- l-naphthyl- 
azolphenoxy )pentyl)phthaliniide (XI, 94) would si- 
multaneously release two different active moieties, 
namely VIIa and tris(p-aminophenyl)methanollz or 
N-[5-(p-aminopheno~y)pentyl]phthalimide,~~ respec- 
tively. An alternate approach to hybrids that might 
possess a dual mode of action5 involved the linkage 
of two active moieties through the side chain. Thus, 
certain structural feat’ures of both the (4-arylazo-l- 
naphthy1)alkylenediamines and the p-tolylpiper- 
azines14-16 were incorporated in l-(3-chloro-p-tolyl- 

(12) E. F. Elslager. F. \V. Short, D. F. K o r t h ,  J. E. Meisenhelder, H. 

(13) R .  F. Collins, 31. David. K. D. Edge, J. Hill, H.  W. Reading, and E. 

(14) G. Liimmler, Z .  Tropenmed.  Parasitol., 9, 294 (1958). 
(15) H. Ruschig, D. Schmidt-Barbo, H. Leditschke, and G. LBmmler, 

Najarian, and P. E. Thompson, iVature, 190, 628 (1961). 

R. Turnbull, Brit. J .  Pharmacol., 14, 467 (1959). 

U. S. Patent 2,830,056 (April 8, 1958). 
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NH(CH?),N(C,H;)? 
I 

0 
/ I  

0 
XI 

and 
ethyl ] piperazine (XIIa, 154, and XIIb, 156). 

3,4-xylyl)-4- { 2- [ (4-phenylazo-1-naphthyl) amino]- 
How- 

I 

N=N C6H5 

XIIa, R = C1 
b, R = CH, 

ever, no evidence has been obtained (injra) that would 
suggest any superiority of compounds VIIIa, X, and 
XI  over other highly active members of the series (111), 
and compounds XIIa and b proved to be ineffective 
against S. mansoni in mice. 

Among related compounds, N,N-diethyl-N’-(1-phe- 
nylazo-2-naphthy1)ethylenediamine (XIII) was pre- 
pared by coupling diazotized aniline with 2-(2-diethyl- 
aminoethylamino)naphthalene10 and 2-(4-phenylazo- 
1-naphthy1oxy)triethylamine (XIV) was obtained by 
alkylation of the sodium salt of 4-phenylazo-1-naphthol 
with 2-chlorotriethylamine. Oxidation of N,N-di- 
ethyl-n”-(4-phenylazo-l-naphthyl) e t  h y 1 en e d i am in e 

~ ~ = N c ~ H ~  
XI11 

I 
N=NC6H5 

XIV 

(VIa, 17) with perbenzoic acid in chloroform gave the 
corresponding X-oxide (XV), while treatment of 
VIa with methyl iodide afforded diethylmethyl[2-(4- 
phenylazo-1-naphthylamino)ethyl]ammonium iodide 

The N-mono- and N, N-dialkyr-N '- (4-arylazo- l-naph- 
(XVI). 

(16) Abbott Laboratories, South:Bfrican Pa ten t  63/593 (March 7, 1963). 

I I 
N=NCsHS N=NC6Hj 

xv XVI 

thy1)alliylenediamines and related compounds described 
in the present communication were tested in mice 
against a Puerto Rican strain of Schistosoma 1nansoni~~~7 
by Dr. Paul E. Thompson and co-workers of these 
laboratories. Drugs were given in a powdered diet 
for 14 days or by gavage in 10 ml/kg of aqueous 1% 
hydroxyethyl- or carboxymethylcellulose for 10 days. 
Drug amounts are expressed as free base. Schistoso- 
micidal activity among the K,S-dialkyl-N’-($-aryl- 
azo-1-naphthy1)dkylenediamines of structure I11 is 
widespread. Compounds 2, 8, 13, 22, 23, 29, 30, 34, 

177, 188, 196,201, and 206 (Tables 1-111 and V), which 
are representative of the more promising members of 
the series, completely eliminated live schistosomes 
from infected mice at doses ranging from 78 to 734 
nig/kg per day when administered orally in the diet 
for 14 days.18 These compounds mere, therefore, 
distinctly more promising in nice than lucanthone hy- 
d r ~ c h l o r i d e , ~ ~ ~ ’ ~  the tris(p-aminopheny1)carboniuni 
~ a l t s , ’ ~ , ’ ~  4,4’-(heptaniethylenedioxy)dianiline dihydro- 
chloride, 20,21 9- [ 6- (p-aminophenoxy) pentyl ]pht halini- 
ide, l 3  or 3- [4-(3-chloro-p-tolyl)-l-piperazinylcarbonyl]- 
acrylic acid14 when tested under comparable experi- 
mental conditions. 

Several representative naphthylazo compounds were 
selected for trial against the Puerto Rican strain of S. 
mansoni in rhesus r n ~ n k e y s ~ ? ~ ~  and each substance 
tested showed significant antischistosomal activity in 
this host.18 Drugs were given orally by gavage twice 
daily 5 days a week for 1-4 weeks. Among var- 
ious [4-(dialkylaminoalkylamino)-l-naphthylazo]ben- 
zenesulfonic acid derivatives tested, p-  [4-(2-diethyl- 
aminoet hylamino) - 1 -napht hylazo ] benzenesulfonic acid 
monohydrochloride (23) at tolerated doses of 2.5100 
mg/kg/day for 10 days caused a moderate to strong sup- 
pression of egg production but was not curative. Doses 
of 100 mg/kg/day for 15 or 20 days usually effected a 
cure and were tolerated well except for transient weight 
loss and some mucoid diarrhea. No improvement in 
activity was observed with the 7-methoxy derivative 
(43) and it was more toxic for monkeys. The most 
potent sulfonic acid derivative in monkeys was p -  
(4- [2-(isopropylmethylamino)ethylamino]- 1 -naphthyl- 
azo ) benzenesulfonic acid monohydrochloride (114). 
Doses of 25 mg/kg per day for 10 days usually effected 
a cure and were tolerated well. However, doses in 
the range of 50-100 mg/kg per day for either 5 or 10 
days produced gastrointestinal side effects such as 
emesis, weight loss, inappetence, and mucoid diarrhea. 
The unusually high therapeutic index noted with p -  

41-43, 48, 50, 55, 57, 69, 83, 92-94, 99, 103, 104, 114, 

(17) For a description of test methods, see P .  E. Thompson, J. E. Memen- 

(18) P. E. Thompson, J. E. Meisenhelder, and H Naianan, unpublished 

(19) W. Kikuth and R. Gonnert, Ann. T r o p .  Med. Parasttol., 42, 256 

(20) C. G. Raison and 0. D. Standen, Brzt. J. Pharmacal., 10, 191 (1955). 
(21) R. F. Collins, M. Davls, N. D. Edge, and J. Hill, ibzd. ,  lS, 238 (1958). 

helder. and H. Na ia r~an ,  Am. J .  T r o p .  M e d .  Hug., 11, 31 (1962). 

results, Parke, D a m  and Company, Ann Arbor, M x h .  

(1948). 
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y. d I. - I. x 1.0 t. 0 d 
' 9 t . w m b i 5  

. . . , . .  

[4- (3- diet hylamino - 2,2 - dime t hylpropylamino) - l-naph- 
thylazo]benzenesulfonic acid hydrochloride (188) in 
mice was not duplicated in the monkey. N'-{4-[p- 
(2-Diethylaminoethoxy)phenylazo]- 1 -naphthyl}-S,N- 
diethylethylenediamine trihydrochloride (83) caused 
strong permanent suppression of eggs or mas curvative 
in monkeys at  a dose of 100 mgjkg per day for 5 days 
or 50 mgjkg per day for 10 days, but was essentially 
ineffective in doses of 12.5 or 25 mg/kg daily for 10 
days. The effects of m- [4-(2-diethylaminoethylaniino)- 
1-naphthylazol-a-niethylbenzyl alcohol dihydrochlo- 
ride (57) were particularly noteworthy because the com- 
pound cured or strongly suppressed S .  nzansoni infec- 
tions in the monkey following a single dose of 400 mg/ 
kg or single doses of 200 mgjkg per day on two suc- 
cessive days. 

The antischistosoine properties of compounds of 
structure I11 are abolished or drastically reduced when 
alkyl substituents a t  R1 and/or Rz are replaced by hy- 
drogen (compounds 96-98, 100, 124, 137, 169, and 191) 
or when R is methyl or ethyl (197-199). Among coin- 
pounds having a structural relationship to N,S- 
diethyl-N'- (4-phenylazo- 1 -naphthyl)ethylenediamine 
(VIa), the position isomer N,N-diethyl-N'-(1-phenyl- 
azo-2-naphthyl)et,hylenediamine (XIII), the oxygen 
isostere 2-(4-phenylazo-l-naphthyloxy)triethylamine 
(XIV), and the quaternary salt diethylmethyl[2-(4- 
phenylazo-1-naphthylamino)ethyl]ammonium iodide 
(XVI) lacked appreciable effect. Activity was also 
diminished by conversion to  the N-oxide XV, an 
interesting and unexpected result in view of the 
beneficial effects of N-oxidation on the antimalarial 
properties of the 4-aminoquinolines and 9-amino- 
acridine~.~*-24 A variety of N,N-dialkyl-S'-(4-azo- 
phenyl) alkylenediamines6~7~25 and 5-mono- and N,S- 
d i a1 k y  l- N'- [4-azo (5,6,7,8-tetrahydro-l -naphthyl) ]al- 
kylenediamines were also prepared6f7 but none of these 

U 

H showed promising antischistosome activity. 

Experimental Section26 4 a 

Preparation of N-Mono- and N,N-DialkyI-Nf-(4-arylazo-l- 
naphthy1)alkylenediamines (111) (Tables I-V). Procedure 1.- 
To a solution of 12.7 g (0.1 mole) of o-chloroaniline in 25 ml of 
concentrated HCl, 100 ml of water, and 100 g of crushed ice, 4 0  , 'ct m Lp-3-z;4 there was added a t  0-5' a solution of 6.9 g (0.1 mole) of NaN02 

@I -.3 2 .z  . .  Z a $ in 100 ml of cold water. After diazotization was complete, the . .  . . i .o 4 ri diazonium salt solution was added with stirring a t  0-5' to a cold 
3;;z solution of 24.2 g (0.1 mole) of 1-(2-diethylaminoethylamino)- -Aq-t-Y, 

o E z -  -- 
Fr ~ ~ ~ 

~ naphthalenelo in 17 ml of concentrated HCL and 250 ml of water. 
c x .  LI N .. The mixture was stirred for 3 hr at 0-5' and allowed to warm to 
&-. . F ; . , - T  room temperature. The addition of excess aqueous NaOH 
3 .iis - - precipitated the crude dye which was collected by filtration, 

*-I; = G  washed throughly with water, and dried in z)ucuo at 50". Crystal- 
lization from 2-propanol gave 28.9 g (767,) of K'-[4(o-chloro- 

2 z, I $ ' .  e r-: phenylazo)-l-naphthyl]-N,N-diethylethylenediamine (8) as deep 

Procedure II.--p-(2-Diethylaminoethoxy)aniline (13.5 g, 0.065 
mole) was diazotized and coupled with 15.8 g (0.065 mole) of 
l-(2-diethylaminoethylarnino)naphthalene10 according to  proce- 
dure I. The purple reaction mixture was made alkaline (NH40H) 

' A n i  
ri f x  k z ? ?  . g %  

2 : =  =. - % + - e  01 

0 

$ g  2 
h 
v, 

& 
ST - 

g - 2  4 % -  h5i 

r? 2 Xt.2' 

- y .  
- 
,--. L1 -. 

h 

c- 2 c-z --e F; 5 
*I x. 

v Y 

;?+&w=&- maroon crystals, mp 99-100". 7 y .. c -: -- u 
E 'Gz ' . 3 -  

(22) E. F. Elslager and F. H .  Tendick, J .  M e d .  Pharm. Chem., 6 ,  1153 
(1962). 

(23) E. F. Elslager, R. E. Bowman, F. H. Tendick, D. J.  Tivey, and  D. 
F. Worth, ibid. ,  6 ,  1159 (1962). 

(24) E. F. Elslager, E. H. Gold, F. H. Tendick, L. .\I. Verbel, a n d  D. F. 
Worth,  J .  Heterocyclic Chem., 1,  6 (1964). 

(25) F. hlietzsch and J. Klarer, U. 8. Patent 2,022,921 (Dee. 3, 1935). 
(26) Melting points (corrected) were taken in open capillary tubes in a 

\Vater determinations 

c" 

Thomas-Hoover capillary melting point apparatus. 
were made by the Karl Ksclier method. 



precipitnte tha t  folnrecl W I S  exira(~tet1 with c~liloro- 
nibined rliloroform ertrat-t- were dried (K?COa), 

the drying ageiit \vas collected by filtrntioti, m d  the chloroforni 
wis removed i n  z'acuo. The residue w-as dissolved i t i  hot 2- 
propanol and the solution d with excess HCI-2-propntiol. 
LTpon cooling, deep blue c separated. The product vas  
r~>llected by filtration and allized from 2-propanol-HC1. 
X'-{ 4- [p-(2-  Diethylamirioet henylazo] - 1-iiaphthyl I -?J,^"i- 
diethylethylenediami~ie (83) 11-as obtained 
hydrochloride salt, mp 170-173", yield 22.5 
 as allowed to equilibrate in  the air prior to 

Procedure III.--.1 mixture of 13.8 g (0.1 
liiie, 30 nil of water, and 30 nil of c~oiicentrnted HCl  as heated 
iiiitil solution occurred. Tlie solution w i t  cooled rxpidly to 
room temperature with rigorous stirritig. Ice (80 g)  \va* theti 
added f o l l o ~ e d  by 6.9 g (0.1 niole) of XaXO? i i i  m e  portion. 
Aft,er moat of the precipit,ate had dis>olved. the di:rzoriium salt 
solution was added with d r r i n g  :it 0-5" tn a solution of 24.2 g 
(0.1 rnole) of l -~2-diethylani i1ioethyla11i i t i~i) t ia~~~it l~al ,~~ in 250 
ml of water, 250 nil of 95: etlinnol 25 nil of cwic~entmtetl 
HCI. The purple reaction niixture \ irreti for 2 hr a t  0-3",  
then for 2 hr a t  room ternperatlire e mixture n u s  made 
nlkalitie Kith N a O H  ant1 the precipitate \vas collected by filtra- 
t,ion, washed with water aiid dried in, cacuo. Cr>-stallizatioii 
of the criide dye from 2-p~Op:lllO~ gave 30.1 g (77C;) of K,S-di- 
c ~ t h q - l - ~ ' - [ . l - i ~ ~ - t i i t r o p l i e n y l : t z o ) l e ~ i e ~ l i a r n i r ~ e  (16j 
:w purple-black crystnl,3, m p  13-1 :3So. 

Procedure IV.---A rcilutioii? preparetl by cwinbiuiiig i 3 . 7  g 
(0.20 mole) of eulfariilic :wid, 34 1111 (0.21) mole> of 6 .Y K:101f 
solution, 250 nil of water. :tiid 2Oi) r i l l  (0.20 niole) of 1 J I  Sax01 
solution, was cooled to 0" arid ndded i\-ith stirring t~ a mixture of 
.io nil (0.60 mole) of concentrated NC1 ntid 300 g of :in icle-v-atrr 
iiiisttire. After ytirring fiJr 3 tiiiri, the suspension of the dia- 
zonium d t  \\-:is added to :I niisture I J ~  4h.6 g (0.20 mole) of l-( 2- 
t i i e t l i y l a i r i i r i oe th~- l a i i i i i i~~) t i :~~~ l~~~~~a le~ ie~~~~  100 nil  ( 1 .2 )  moles) 
of concentrated HC1, and 2 kg of ice-water. The deep ptirple 
suspension was stirred for 18 lir diiring n-1lic.h time it n w  nl- 
Ion-et1 to tmrm to room teniperatl1re. The precipitate ~va* col- 
lccted by filtration, nashed v-ith 0.5 .Y €IC], and dried in U U C I L O  
at 78" for 18 Iir. After expojure to the ntrnosphere for 24 hr. 
p- [4-(2-diethylamiiioethylamiii~~)- 1 - iiapht hylazo] beiizeiiesulfonic 
acid monohydrochloride tlihydrnti, ~\ - : i -  ohtained as :1 purple- 
greeti solid, ~ i i p  200' dec. 

The wid hydrochloride 
.all \\-as siizpeiickd in miter nntl iic:ritr:tlized with aqiieous sodium 
acetate or (KH4)?C03 soliitioti. The orange precipitate that 
reparated W R ~  collected by filt,rat,ioii, \v:whed siiccessively with 
water and methanol, and tiri 
base (23) weighed 78.5 g (92 

Procedure \'.--A wlutioii c 
I-ii:xphthyl)-X- ( 2  - ~lietliylaniiii~ieili~-1 j - 2,2,2 - trifluoroacetamide 
iiioti(rh?.ciroi.l-ilol,ide (\'IItll in 50 nil  of  ice :tnd xater  containing 
2.5 nil (0.02 mole) of c*oncetitr.:itecl €IC1 was treated with 13.6 n i l  
(0.013B rnc,le) of a 1 .If R(~II~IJIIS ~ ~ ~ l ~ l l t i l J l l  of NaljOe over a period 
o f  5 n i i t i .  Tlie red tliazorii!lni >:]It solntion was -tirred for 5 miii 
nt 0-5" atid poiired into n stirred holutioii of 3.3 g (0.0136 mcilc, 
of 1-(2-diethylarnit1oethyla11~ir1o)1ra~itithale11e'~ in 150 rnl i i f  
water and 7.5 g (0.09 ~ n d e )  of (:oilcentrated I1C1 wliile r i i x i t i -  
taiiiirig t,Jic teiiiper:it,urc tielo\\ 3'. Tlie resulting purple Inixt,itrr 

The free base was prepared a i  fOii(J\\-s. 
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diazonium salt solution was added a t  0-5" with stirring to a solu- 
tion of 1.6 g (0.011 mole) of 2-naphthol and 1.9 g (0.022 mole) of 
XaHC08 in 80 ml of water and 100 ml of ethanol. The reaction 
mixture was allowed to warm to room temperature and stand 
overnight. The red precipitate was collected by filtration, dried, 
and crystallized from ethanol. The intermediate X-(Z-diethyl- 
aminoethy1)-S- [4- (2-hydroxy- 1 - naphthy1azo)-1-naphthyllform- 
amide (IXa)  weighed 1.7 g (357,), mp 170-172". 

Anal. Calcd for C27H28N402: C, 73.61; H, 6.41; N, 12.72. 
Found: C, 73.54; H, 6.66; N, 12.52. 

Hydrolysis to 1-[4-(2-diethylaminoethylarnino)-l-naphthyl- 
azo]-2-naphthol (IXb, 203) was accomplished by allowing a 
solution of IXa  in 2-propanol containing an excess of HCl to 
stand at  room temperature overnight. 

N-( 2-Diethylaminoethyl )-N-( 4-phenylazo-1-naphthy1)acet- 
amide (VIb).--B mixture of 5.0 g (0.014 mole) of ru',h'-diethyl- 
N'-(4-phenylazo-l-naphthyl)ethylenediamine ( W a ,  17) and 25 
ml of acetic anhydride was boiled under reflux for 1 hr, cooled, 
and poured into an ice-water mixture. The mixture was made 
basic with XH40H and the oily precipitate that  separated was 
extract,ed with ether. The combined ether extracts were dried 
(K:CO;), the drying agent was collected by filtration, and the 
filtrate was evaporated to dryness. The residual oil was dis- 
solved in petroleum ether (bp 30-60") and an orange-red solid 
was deposited as the petroleiim ether was allowed to evaporate 
slowly in t,he air. After drying in z~acuo for 3 days, the product 
weighed 3.7 g (66%), mp 69-72'. 

Anal. Calcd for CP~H?J+O: C, 74.19; H, 7.26; X, 14.42. 
Found: 

N-( 2-Diethylaminoethyl )-?J-( 4-phenylazo-1 -naphthalenecar- 
bamic Acid) Ethyl Ester (Vie).-The addition of ethyl chloro- 
formate (113 g, 1.04 moles) to 17.3 g (0.05 mole) of N,N-diethyl- 
?;'-(4-phenylazo-l-naphth~-l)ethyle1iedianiine (YIa, 17) was 
accompauied by an exothermic reaction and the temperature rose 
to 50". The mixture was heated on a steam bath for 2 hr aiid 
cooled, and the residue dissolved ill 250 in1 of water. The mix- 
ture was made basic with SH,OH and the orange precipitate that  
separat,ed was extracted n-ith ether. The combined ether extracts 
\?ere washed successively with water and saturated aqueuus 
SaCl  and dried (lIgSO4). The drying agent was separated and 
the ether solution was concentrated to dryness in vacuo. The 
red, viscous residue (20.0 g, %yo) could not be induced to 
crystallize and T V ~ S  \lied directly in the rediiction step. 

Anal. Calcd fur C2SH30S402: C, 71.74; H, 7.23; N, 13.39. 
Found: C, 72.01: H, 7.23; S,  13.39. 

N-( 2-Diethylaminoethyl)-2,2,2-trifiuoro-N-( 4-phenylazo-1 - 
naphthy1)acetamide Monohydrochloride (VId).-Trifluoroacetic 
anhydride ( i 7  g, 0.367 mole) was added slowly with stirring and 
external cooling to 50 ml of diniethylformaniide and the mixture 
was added over a period of 40 min with stirring to a solution of 
106 g (0.306 mole) of K,K-diethyl-N'-(4-phenylazo-l-naphthyl)- 
ethylenediamine (VIa,  17) in a mixture of 200 rnl of benzene and 
425 nil of dimethylformamide contained in a 1-1. A:di fitted with a 
dropping funnel, thermometer, mechanical stirrer, and drying 
tube. An exothermic reaction ensued and the temperature mse 
to 45". The dark red, homogeneous reaction mixture xa- al- 
lowed to cool to room temperature and stand overnight. I t  
was then poured into a briskly stirred mixtiire of 1 kg of ice and 
water and 425 ml of benzene. A cold solution of 28.i ml (0.430 
mole) of concentrated S H 4 0 H  aiid 100 ml of water was then 
added to  the stirred mixture and the aqueous layer was removed 
in a separatory frinnel and extracted with 50 ml of benzene. 
The benzene extract was combined with the original benzene 
layer and the benzene solution was washed successively with 
200 ml of water, 100 nil of mater, and 50 mi of sat,urated aqueous 
SaCI. The benzene solution was dried (LlgSOa) and the drying 
agent was collected by filtration. The filtrate voliime was i20 
nil. A portion (625 ml) of the benzene filtrate was treated with 
45 ml of a 5.8 S 2-propanol-HC1 mixture and concentrated to a 
volume of approximately 400 ml. The mixture was allowed to 
cool slowly to room temperature and the orange crystalline 
precipitate that, separated was collected by filtration, washed q-ith 
benzene and ether, and dried in vacuo at  50"; 105.9 g (83.57,), 
mp 206.5-208.5'. 

Anal. Calcd for C24H2sF,K40,HC1: C, 60.18; H, 5.4i;  
C1, 7.40; E, 11.70. Foiind: C, 59.98; 11, 5.54; C1, i .58; 
X, 11.69. 

N-(4-Amino-1 -naphthyl)-N-(2-diethylaminoethyl)acetamide 
(VIIb).-X-( 2-Dieth>-laminoethyl) - 3-( 4-phenylazo-1-naphthyl)- 
acetamide (VIb) (91.0 g, 0.234 mole) was dissolved in methanol 

C, 74.56; H, 7.28; N,  14.60. 



:tiid liydrogetiated over 3 g of Ratiey nickel at an initial hydrogen 
pressure of 3.5 kg/cm2. The catalyst was collected hy filt,ratian 
and the methanol solution wts poured into 180 nil (0.12 mole) 
of 4 i'V ethanolic HCI. Volatile materials were reirioved in 
raci io :tnd the refitlue cryhtallized i.uccessiveiy from 2- 
propanol arid methanol to give 60.0 g ( 7 6 5 )  of the liydroc~hloride 
d t  as off-white crystals, mp 2:20" dec. F(JV ntialysi., n smtll 
wrnple wa.: cvnverted to the frec h s e ,  mp 6 8 - ~ i l 0 .  

:tnnl.  Calcd for C1gI3&d1: C. 72.30: 11, S.42: S, 11.0:3. 
1;iiiirid: 

4-Amino-N-( 2-diethylaminoethyl )-1-naphthalenecarbamic 
Acid Ethyl Ester Dihydrochloride (\rIIa).~-N-(2-I~iethylaniiti~~- 

thale~~rcnrbaniic acid) ethyl ester 
as d i ~ ~ o l v e d  in 250 nil of nbsolute 
ver :3 g of Raney n i r l d  :it ail initial 
In2. The mtalyst ivaq removed by 

filtration and volatile materials w?re removed i t !  znczio. The 
dark residue  vas dissolved in 200 nil nf 2-propaiiol anti the whi- 
t i o i i  TV:LS treated with 3<5 nil of 4 .Y cthnnolic IIC1. The hytlro- 
rhloride salt was precipit ateti by tlic :tclditiort of aiihydroiis ether 
:tncl the drill pink solid was cdlrctcd :iti(l dried; 16.0 g (83'1), 
nip 212-21:<". 

.4nal. C'alcd for Ci,II?iN,O~.2lI C, 56.71; 11, 7.26: 
Cl, 17.62: N,  10.44. Foiinti: (', 5 7 ;  H, 7.54; CI, 17.41: 

N-( 4-Amino-l-naphthyl)-Pi-( 2-diethylaminoethyl)-2,2,2-tri- 
fiuoroacetamide Monohydrochloride (VIId).--S-(2-Diethyla- 
niinoet hyl)-2,2,2-trifluoro-N-i4-phenylazo-l -naphthyl)acet,amidc 
r1iono~iydroc:hloride (VId) (88 g, 0.184 mole) x i s  dissolved in 600 
nil nf methanol and hydrogenolyzetl at 2:J-35" at i l n  initial hydro- 
peii presslire of 3.5 kg/cm2 in the presetice of 5 g of Raney nickel. 
The solvent was removed on a rotatory evaporator while main- 
taining t,he temperatlire helow 45" and the reiidiie was tritiirated 
with :trihydroit!: ether. The preclipitxtc was crillected 
tration, wa4ied with ether, and dried in I'CLCUO at 50'. 
lization from et1i:tni~l gave 65.9 g (92:;) of iwlrirless crys 
215- 21s". 

10.7s Found: C, 55.42; II, 3.8%; S, 10.80. 

C:, 71.!14; H, 5.43; K, 14.04. 

x, 10.54. 

Anal. Calcci for C1811e2F,S30.11Cl: C, 35.45; 11, 5.95; X, 

N-( 4-Amino-l-naphthyl)-N-( 2-diethylaminoethyl)formamide 
Dihydrochloride (VIIe).--A iiiixture of 25 ml of formic acid, 60 
nil of acetic anhydride, and 200 nil of tetrahgdrofuran was 
btirred and heated on  a steam bath for 2 hr, and to i t  n-as added 
50.0 g (0.45 mole) of ?S,N-dieth~-l-S'-(4-~~henylazo-l-iiaphthyl)- 
ethylenedianiine (VIa, 17). The mixture was heated under reflux 
with stirring for 24 hr and volatile materials were removed 
in ~'acuo.  The residue was suspended in aqueous SaOH solutitrn 
:tnd the mixture was extracted with ether. The combined ether 
cstracts were dried (K2C03), the  drying :rgent was collected b>- 
filtrntion, nntl the ether filtrate \va- evaporated t o  tlryneis 
in vacuo. The viscotis red oil thils ohtainetl (47.0 g, SGC,',) c7o1il(l 
nnt be ind\tced to crystallize and the criitle ~-(2-dietliylamitio- 
cthyl)-?IT-(4-pheri~-laxo-l-naphthyl)forni~midc i T . 1 ~ )  wa-: I I S N I  
tlirectly i n  the hydrogenation s k p .  

il solution of 4i.0 g (0.126 molc) of tlie c,riitie foriiinmide (TIC) 
i i i  :<OO nil of niethanol was hyclriigenated over 1 g of Itaney nickel 
:tt ail initial hydrogen preswre of :3.5 kg /vm2. II'heri the theoret- 
iral arnoiittt of hydrogen h:td been :tbsorbed, the c7atalyst x i s  
rernoved by filtration a r i d  the filtrate in,< concentrated to 
(lryne<G in vacuo. The reiidiie a-as dissolved in  2-propaiiol and 

-drochloridt? salt was precipitated by the addition of an 
Tlie prndiict was ail- 

hy  filtration n,nd tlricd in ~ a ~ i i o  at 40"; 13.4 g (%%), nip 
1 .ioo t l w .  

, ~ M L  Calcd fnr C17112a?j30~211C1.0.:~~ 1120: C, 56.20; IT, 
7.12; PI', 11.52; IT&, 1.63. Foimd: C, 56.59; 11, 7.83; S, 
11.1:<; 1 1 2 0 ,  2.13. 

N,N-Diethyl-"-( 1 -phenylazo-2-naphthyI)ethylenediamine 
(XIII).---Aniline (7.9 g, 0.085 mole) was diazotized and coupled 
with 20.7 g (0.085 mole) of 2-( %-dieth;vlaniiiioethylariiino)napli- 
t.hiilcneW27 sccordin procedure I. The product (XIII) WNS 

I \  froin 2-priipariol; nip 78-79', yield 

c', 7 6 . 3 ;  I I ,  7 . 5 7 ;  S, 16.17. 
1~'oiirid: C ,  76.27; 11, 7.70; S,  ltj.21. 

2-(4-Phenylazo-l-naphthyloxy)triethylamine Monocitrate 
(XIV).-.4 niixturc of 24.8 g (0.1 mole) of 4-phen~la~o-I-napht~iol.  
17.2 g (0.1 mole) of  L'-clilorotriethylamine hydrochloride, 1o.s g 

of a IICI-2-propaiiol mixtiire. 

(0.2 riiole) of sodium inetlioxide, and 200 in1 nf othaiiul was 1x)iletI 
riiitler reflux for '74 hr.  The ethanol W:LR removed in mri(o, 
:ind the re-iiiiic. nxs I d wit'h nri excess of xqiieous S:tOll 

ed w i t h  e t  her. Tlie c~onil~irtecl ether cstractv TTi'rc 
O r ) ,  the drying :igent, wis i:ollec:ted by filt,rntion, z i t i ( 1  

the ct her \v:i. i~ernc~red in ?mcuo. 
x i r m  c ~ t h : i n c ~ l  : i t i r l  I rc:t1ed with an excess of cit,ric: wid i i i  ctl~anol. 
1'poii rmling,  1 hi! i~i~ricle prcidrict sepmtted, mp 140--14:io t lc(~.  

allizntioit from r.ihnriol--ct~ier gave 11.6 g (.'7yo)ln) of cir:t,iigc: 
Is, m p  11 :3 -14 t~"  tlec. 

Tht> residue 

'1  nul. (!nlc(l for ( T € y j S a O .  CF,II&;: C, 62. 
S, 7.79. F ( ~ r ~ n d :  (1,. .4t :  11, 6.30; 3, 7.99. 

S,N-Diethyl-"-( 4-phenylazo-1-naphthy1)ethylenediamine N- 
Oxide Dihydrochloride IX\').--To a solution of 17.3 g (0.05 niolc) 
IJf S,S-dieth;\l-N'-i4-pheii~lazo-l-naphthyl)etl~ylenedi31riirrc 
( \ . I :L ,  17j i i i  500 nil ( I f  dry CIICI, \\-ai added slowly with stirring 

.olitiion of 6.!J g (0.05 mole) of perhenzoic acid23 in 100 nil of 
llCIJ, The rcnciir!li K:L* rriildly exothermic and the teinpcr:t- 

i t i re  rwe  t i l  30'. , \ f t r r  3 hr, th r  c~hlornforni ~va' remiveil 
in !'f7r'?/o in  tlie prcsetiw of platinrim foil: anti the residiie ~ v a 5  r i i - -  
olvetl in 2-propamil :tiid treated witli 5 rnl (0.047 mole) i ) F  :I 

2-propariol-TIC1 mist lire. I'pon cooling, the dark rcbcl 
pitate t h a t  separated TV~L': cdlected by filtration rtnd driccl 

in ruciio a,t, 40' for 72 hr .  
1 .i3-1.57 '. 

. I  nul. C h l u l  flJr ( ~ 1 . ~ l I ~ ~ S ~ 0 . 2 1 1 C I :  C, 60.69; 11, fj.4S: S, 
1 2 . Y i ;  &O, 0.0. F'iiiuid: C, 60.60; IT, 6.36; s 12.6!J: BrO, 
0, l j .  

Diethylmethyl [ 2-( 4-phenylazo-l-naphthylamino)ethyl] am- 
monium Iodide (XVI).--A mixture of 5.0 g (0.0145 mole) of 
S, 3-diethyl-"-( 4-~~iieiiylazo-l-iiaphth~l)etllple nediamine ( V I:i 
17) and 5.0 g (0.0352 mole) of niethgl iodide wts he:tted 011 a 
itearn bath for 13 min, then dissolved in 500 nil of hot ctlianol. 

deep red solid 3eparated weighiiig 3.8 g (547;!), 

for ('.allaslS1: U. 56.56; TI, t5.1)S; N, 11.47. 

2-Bromoethyl)-4-phenylazo-l-naphthylamine.---S-( 2-Hn J-  

ti~i,etliyl)-l-iiaplithglamine hydrobromide'o (33.1 g, 0.1 rriole) 
was dissolved i r i  :L mixture of 420 ml of methanol and 100 rn l  
of ethanol 011 :t ste:tni bath and the solution was cooled to -2'". 

ole) w n b  dissolved iii a mixture of 200 1111 of 
HRr, and 100 r i d  of 

ide soliltion T V ~ S  then 
moleti ilo - 1 O :itid was slowly treated with :t cold soliition of 
6.9 g (0.1 intile) of Na?rT02 in 60 ml of wat.er with stirring so that, 
the, t eniper:ttiire was maintained heltrw 2'. .\fter 10 r r i i n ,  :t 
teyt for nit.roriP :ic,irl (KI--starch p:iper) \WS esentially negat ivv 
:rnd the t1i:tzonirim silt, sollition was added to the stirred xoliitioii 
o f  tlie naphthylamine salt, at, such :t rate as t,o maitit:iin t,he tem- 
perattire helow 3'. The piirple reaction mixture \mi stirred :it 
0 ,5' for 3 lir, 250 1111 of cold m*n.ter TT:~; added, :tiit1 the niixt iirc 
W:L, :illoi?-cd 1 1 1  ,.t.:itd overnight. 'rile greeii I)recipit:itc was 
c,ollec.tetl by  filtratioii, ivashed thoroilghly with w:tt,er, itiid sits- 
c ended i n  :% niistlirc iJf  600 nil of CtICI:$ and 500 ml of 5"; :icili<'olii 
NaOTT. 'The mixtiire was stirred for 1 hr and the red c!hlorofortn 
1:tyer was ?ep:irnteti :tiid dried (l lgSO1).  The drying :tgcltt W L ~  

crollccted I J ; ~  filtration :tiid tlie chloroform solrition wily r o n ~ v t l -  
trntetl to 150 nil alii1 diliited with 130 in1 of ethsnol. 'The 
rc-lilting b o l i i t  i o r i  bva.5 c,incentrated to :tppruxirnatcly 100 nil :ltld 
p~t~(Jl(3ilrIi ethor (bp 30-50") PIRS ed tin the c . h I ( i  poilit. 
l 'pnn svrni c,hit,g, (tie I)rodiict, i lized :F gr)ltien h r ~ ~ t i  
Ilepdlr~;. Thf ,  1)recIipit :tic w:ts col by fi1tr:ttioil ; i d  dricstl 
it! i ' a r i ~ o  :ti ,-is!': 21.6 g, mp !)3-O;io. A second crop was oht:tinc:il 
11). concentration of t,lie filtrate, 7.1 g, mp 9:3-'35"; total yicl11I 
28.7 g (S l? ) .  

..17!ul. Cdcd f(,r C;,811i6t3rX:~: ( 2 ,  61.02; 11, 4.35; X3 1 I.Sli. 
Fl)llnd: c, 61 31: I € .  4.69: N,  12.05. 

1 -Chloro-3-( 4-phenylazo-1 -naphthylamino)-2-propanol. ---A t i  i- 
litie (4.64 g, 0.05 mole) wxs diazotized and coupled with 13.6 g 
(().05 Illole) of l-vhl 
irig the condilioiis d bed under procedure I. The crude dye 
\vas extracted wit11 Cls, the combined chloroform extract,s 
Trere dried (K?CO,), ihc drying agent was collect,ed by filtration, 
:inti the CHCI, filtrnte \vas evaporated t o  dryness. The residue 

The prot1ilc.t weighed 6.9 p (31 

0 ;  11, 5.66; s, 11.34. 

<-( 1 -1inphttiylarnino)-2-propanol*~ utilix- 



was crystallized from ethanol to  give 12.2 g (72%) of a reddish nient in this investigation, to Dr. Paul E. Thompson, 
brown solid, mp 140-141”. Mr. Jack E. Meisenhelder, and Dr. Haig Yajarian for A n a l .  Calcd for CisHlsCINaO: C, 67.15; H, 5.34; C1, 10.44; 
?i, 12.37. Found: C, 67.45; H,  5.55, C1, 10.58; X, 12.26. the antischistosome testing, and to nIiss 11. Virginia 

l-Ch]oro-2-methyl.3-(4-phenylazo-l-naphthylamino).2.pro- Dudley, A h .  Zoe Gavrilis, 31i-s. ?tIary K. Martin, 11 iss 
pano1.-Vtilizing the procedure described above for the prepara- Joan D. nlulthaup, Rliss Josephine Rarity, Mrs. Doris 
tion of l-~hl0r0-3-(4-phenylazo-l-naphthylamino)-2-~~0~an0~, R. Thomas, and I\Iiss E. A. Weinstein for synthesizirlg 

several of the compounds described herein. We also miline (3.25 g, 0.035 mole) and l-chloro-2-methyl-3-( l-naphthyl- 
ami11o)-2-propanol~~ (10.0 g, 0.035 mole) gave 7.8 g (63%) of 
niaroon crystal>, nip 130-131”. thank n h .  TvTiilliam Pearlman for carrying out the hydro- 

.inal. Calcd for C,oH20C15~0. C, 67.88; H, 5.70, K, 11.88. genations, l l r .  C. E. Childs and associates for the 
Found: C, 67.98; H, 5.6i, 9, 12.05. microanalyses, arid Dr. J. 11. T’andenbelt and co- 
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Reactions of Mercaptoamines. 111. Synthesis of 
N-Monosubstituted 2-Mercaptoethylamines1J 
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As part of a program on the synthesis of antiradiation drugs, a four-step novel synthesis of N-monosubstituted 
2-mercaptoethylamines has been developed. The synthesis involves (1) conversion of 2-mercaptoethylamine by 
reaction with nitriles to 2-substituted 2-thiazolines (I), ( 2 )  quaternization of the thiasolines by tosylate esters to 
thiazoliniiim salts (11), (3) alkaline hydrolysis of the salts to an XT-(2-mercaptoethy1)acetamide derivative (111), 
and (4)  hydrolysis of the amides in concentrated HC1 and glacial acetic acid to N-monosubstituted 2-mercapto- 
ethylamines (IT’). 

Because of the potential use of 2-niercaptoethyl- 
amines as antiradiation drugs,j-s it has become iin- 
perative that additional synthetic routes to compounds 
of this class be devised. 

Previous studies of the reactions of mercaptoamines 
have shown that many compounds capable of reacting 
with the amine function also react with the mercaptan 
f u i ~ c t i o n . ~ ~ ~ ~  In the work reported here, a method was 
devised for protecting the mercaptan function in 2- 
mercaptoethylamine, allowing the amine function to 
react, and then regenerating the free mercaptan. S- 
Monosubstituted 2-mereaptoethylamines were thereby 
obtained. 

NaOH I 
@ e  then H,OC L-:H3 p-O,SC,H,CH, - 

I1 
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Two recent investigations have independently shown 
that 2-mercaptoethylamine reacts with nitriles to give 
2-substituted 2-thiazolines.” l 2  It had been shown 
earlier that 2-thiazolines are quaternized with alkyl 
iodides or p-tol~enesulfonates.1~ It was found that 
low molecular weight alkyl iodides indeed gave good 
yields of solid quaternary thiazolinium iodides when 
heated with 2-methyl-2-thiazoline (I) in refluxing 
absolute ethanol. However, when more coniplex 
halides were used, the reaction appeared to be sluggish. 
Benzyl chloride and 2-bromoethylamine hydrobromide 
both gave ill-defined syrups with 2-methyl-2-thiazoline, 
and chloroacetone gave a tarry product. I t  became 
apparent that  only active alkylating agents would 
serve to quaternize the thiazoline. Since esters of p-  
toluenesulfonic acid (“tosylates”) are known to be 
more effective in displacement reactions than alkyl 
halides (ie., the tosylate anion is a better “leaving 
group” than any of the halide anions), they seemed a 
likely choice for the thiazoline quaternization. In  the 
first experiments, refluxing absolute ethanol was used 
as solvent and ethyl and n-heptyl tosylates were the 
alkylating agents. The same solid product was 
obtained in both reactions, and it proved to be the 
simple tosylate ralt of 2-methyl-2-thiazoline. From 
the reaction with heptyl tosylate, a liquid product was 
isolated and identified as ethyl n-heptyl ether. The 
isolation of this compound provided a basis for ex- 
plaining what had happened in these reactions. The 
tosylate ester had alkylated the solvent in preference 
l o  the thiazoline, and the latter had acted merely as 
an acid acceptor. When refluxing dry acetonitrile 
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