=

2-methoxyethanol. After 19 hr at room temperature, the solu-
tion was diluted to about 300 ml with water and acidified to pH
2.9 by gradual addition of 1 & HCL  Alter cooling, the solid
was collected and washed with water, to yield 1.26 g (76%%) of
XX, mp 232-236° dec. A sample was recrystallized from ethanol
to give pale yellow flakelets, mp 228-229° dec.

Anal. Caled for C;HpCINGO: C, 43.64;
8.59; N, 20.36. TFound: C, 43. H, 4.44;
20.47.

H, 4.15; CL
Cl, 8.66; N,
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VIII. N-Mono- and

N,N-Dialkyl-N’-(4-arylazo-1-naphthyl)alkylenediamines
and Related Compounds!

Epwarp F. ErLsnacer, Davip B, Carrs, D1anye H. Kukrz, FrangLixy W, SHORT,
LEsLie M. WERBEL, axD DoNawp I'. WortH

Rescarch Laboralorics, Parke, Davis and Company, Ann Arbor, Michigan

Received November 11, 1965

Several hundred N-mono- and N,N-dialkyl-N'-(4-arylazo-1-naphthyl)alkylenediamines (II1) were synthesized
by (1) coupling a diazotized arylamine with the appropriate 1-(aminoalkyl)naphthylamine, (2) amination of a
N-(w-haloalkyl)-4-(arylazo)-1-naphthylamine, and (3) hydrolysis of N-(aminoalkyl)-N-[4-(arylazo)-1-naphthyl}-

2,2 2-triftuoroacetamides or formamides.

Schistosomicidal activity among the N,N-dialkyl-N’-(4-arylazo-1-

naphthylalkylenediamines is widespread, and twenty-nine compounds cured Schistosoma mansoni infections

in mice at doses ranging from 78 to 734 mg/kg per day for 14 days.

Six compounds were evaluated against S.

mansoni infections in rhesus monkeys and each showed significant antischistosomal activity in this host. Strue-

ture-activity relationships are discussed.

During the course of continuing efforts in thesc
laboratories to develop novel schistosomicidal agents,
it was discovered that various [4-(dialkylaminoalkyl-
amino)-1-naphthylazo Jheterocyclic compounds (I) pos-
sess strong therapeutic activity against Schistosoma

NHYNRR,
X
N=N—Het
1

mansont in experimental animals.>®  We have been
actively engaged in extending this work to other
series™*® and now wish to report the synthesis
of a group of N-mono- and N,N-dialkyl-N'-(4-arylazo-
I-naphthyl)alkylenediamines (III, where R, R;, and
R, represent a hydrogen atom or an alkyl group, Y
an alkylene radical, X a hydrogen or halogen atom or a
hydroxy or alkoxy group, and Ar a pheny! or naphthyl
radical), many of which exhibit remarkable schis-
tosomicidal activity in mice. After the completion
of this work, the synthesis of several azo derivatives of

11y Previous paper: . F. Elslager and ). 15, Capps, J. Med, Chem., T,
663 (1964).

(2) E.T. Elslager, . B. Capps, L. M. Werbel, D. ¥. Worth, J. E. Meisen-
hetder, 1. Najarian, and P. E. Thompson, itid., 6, 217 (1963).

.. T, Llslager, ID. I3, Capps, ). 11, Wurtz, L. M, Werbel, and D. T

ud., 6, 646 (1983),

(1) L. T\ Elslager, D. B. Capps, L. M. Werbel, D, I'. Wortii, J. I, Meisen-
helder, and P. E. Thompson, ihid., T, 487 (1964).

(5) 5. F. Kislager, D. B, Capps, and L. A, Werbel, tbid., T, 658 (1964).

(6) E. 1. Elslager, A. M. Anders, M. W. Iisher, Z. 13, Gavrilis, and T.. AL
Werbel, Nature, in preparation.

(7) T.. M. Werbel, A, M. Anders, 1. . Lilslager, M. W. Fisher, and Z. 13
Ciavrilis, J. Med. Chem., in preparation.

(8) L. . Elslager, ). 3. Capps, and L. N Werbel. 70id., in preparation.

l-diethylamino-3-(1-naphthylamino)-2-propanol was re-
ported.®

Three major routes (Chart I} were utilized in the
preparation of the N-mono- and N,N-dialkyl-N’-
(4-arylazo-1-naphthyl)alkylenediamines (III) (Tables

Cuart 1
R\ R\
NYNR;R; NYNR(R;
X 4 21
X X N=Nar
11 111
B
HNR,R; CTOH'or H"
R\ R;CO
NY_HB.I NYNR;RZ
X N=Nar X N=NAr
v \"

I-V): (1) coupling a diazotized arylamine with the
appropriate 1-(aminoalkyl)naphthylamine (II)' (route
A) (procedures I-IV); (2) amination of a N-(w-
haloalkyl)-4-(arylazo)-1-naphthylamine (IV) with the
appropriate amine (route B) (procedure VI); and (3)
hydrolysis of an N-(aminoalkyl)-N-[4-(arylazo)-1-naph-

{0y K. Matsui, T. Sunaga, and K. Kasal, Yuki Gosei Kagaku Kyokai Shi,
20, 453 (1962); Chem. Abstr., BT, 60697 (1962).

(10) L. M. Werbel, D. B. Capps, E. F. Elslager, W. Pearlman, I'. W.
Short, 19 A, Weinstein, and D, I, Worth, J. Med. Chem., 6, 637 (1963).
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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-(aminoalkyl)naphthylamines (I1).}* 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 the 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, to develop a more versatile
synthetic route to such compounds utilizing N-(di-
alkylaminoalkyl)-1,4-naphthalenediamine derivatives
as diazo components (route C).

As anticipated,!! attempts to use N-(2-diethylamino-
ethyl)-1,4-naphthalenediamine (VIIa)* 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.* However, N-(4-
amino-1-naphthyl)-N-(2 - diethylaminoethyl)acetamide

A\ A\
N(CHa): N(C:Hs): N(CHz):N(C.Hj).
<ol -
N=NC¢Hs NH.
VI VIIL
Al
N(CH2)oN(C2Hs5)2
o
b, A=COCHs
¢, A=COOC.H; N
d, A=COCF; i
e, A=CHO N
NH (CHz)zN (C2H5)2
VIII
(VIIb), 4-amino-N-(2-diethylaminoethyl)-1-naphtha-~

lenecarbamic acid ethyl ester (VIIc), N-(4-amino-1-
naphthyl)-N-(2-diethylaminoethyl)-2,2,2 - trifluoroacet-
amide (VIId), and N-(4-amino-1-naphthyl)-N-(2-di-
ethylamincethyl)formamide (VIIe) diazotized nor-
mally and coupled readily with 1-(2-diethylaminoethyl-
amino)naphthalene® in acidic media to give the azo
compounds VIITb-e (procedures V, VII, and VIII).
Compounds VIIb-e were prepared by acylation of
N,N-diethyl-N’-(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-N’-(4-phen-
ylazo-1-naphthyl)ethylenediamines (VIb-e) with hy-
drogen over Raney nickel.

(11) For a brief review, see K. H. Saunders, “The Aromatic Diazo-

compounds and Their Technical Applications,” Edward Arnold and Co.,
London, 1949, pp 21, 30.
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Surprisingly, attempts to hydrolyze VIIIb and ¢ to
N,N"’-(azodi-1,4- naphthylene)bis(N’,N’ - diethylethyl-
enediamine) (VIIIa, 209) under a variety of experi-
mental conditions failed. However, N-(2-diethyl-
aminoethyl)-N-{4-[4-(2-diethylaminoethylamino)-1-
naphthylazo]-1-naphthyl{-2,2,2-trifluoroacetamide
(VIILd) hydrolyzed readily when treated with 2 N meth-
anolic sodium hydroxide at room temperature to give
VIila in 529, over-all yield from VIId (procedure V).
Compounds 27, 61, 84, and IXb (203) were 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-
ethylamino)-1-naphthylazo]-1-naphthyl}formamide
(VIIIe) and N-(2-diethylaminoethyl)-N-[4-(2-hydroxy-
1-naphthylazo)-1-naphthyl [formamide (IXa) were
especially susceptible to acid hydrolysis yielding VIIIa
and 1-[4-(2-diethylaminoethylamino)-1-naphthylazo }-
2-naphthol (IXb), respectively (procedure VIII).

A
\N(CHz)zN(Csz)z

40
Ly

1Xa, A=CHO
b, A=H

The hypothetical mode of action of several of
the N,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-
(N’,N’-diethylethylenediamine) (VIIIa, 209) undergoes
reductive scission in vivo,* 2 moles of N-(2-diethyl-
aminoethyl)-1,4-naphthalenediamine (VIIa) would be
formed. The diamine VIIa has been postulated* to be
a metabolite of 5-[4-(2-diethylaminoethylamino)-1-
naphthylazoJuracil and related azo compounds®?
and has been shown to have potent antischistosome
activity ¢n vitro and in mice.* By analogy, the cleav-
age of bis(p-aminophenyl){p-[4-(2-diethylaminoethyl-
amino)-1-naphthylazo]Jphenyl}methanol (X, 93) or
N-(5- {p- [4-(2-diethylaminoethylamino)-1-naphthyl-
azo Jphenoxy | pentyl)phthalimide (XI, 94) would si-
multaneously release two different active moieties,
namely VIIa and tris(p-aminophenyl)methanol!? or
N-[5-(p-aminophenoxy)pentyl ]phthalimide,**  respec-
tively. An alternate approach to hybrids that might
possess a dual mode of action® involved the linkage
of two active moieties through the side chain. Thus,
certain structural features of both the (4-arylazo-1-
naphthyl)alkylenediamines and the p-tolylpiper-
azines!*—1¢ were incorporated in 1-(3-chloro-p-tolyl-

(12) E. F. Elslager, F. W. Short, D. F. Worth, J. E. Meisenhelder, H.
Najarian, and P. E. Thompson, Nature, 190, 628 (1961).

(13) R. F. Collins, M. David, K. D. Edge, J. Hill, H. W. Reading, and E.
R. Turnbull, Brit. J. Pharmacol., 14, 467 (1959).

(14) G. Lammler, Z. Tropenmed. Parasitol., 9, 204 (1958).

{15) H. Ruschig, D. Schmidt-Barbo, H. Leditschke, and G. Limmler,
U. 3. Patent 2,830,056 (April 8, 1958).
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NH(CH.):N(C,Hs)»

49 ox
N=N—©— <|J—©—NH2

NH,
X

NH(CHq):N(C.H;),

9@ 0
N=N—©—O(CH2)5N

0
XI

and 3,4-xylyl)-4-{2-[(4-phenylazo-1-naphthyl)amino]-
ethyl}piperazine (XIIa, 154, and XIIb, 156). How-

R

NH(CH»,N N CH,
—

N=N CsH5

XIIa,R =Cl
b,R=CH;

ever, no evidence has been obtained (infra) that would
suggest any superiority of compounds VIIIa, X, and
XTI over other highly active members of the series (I1I),
and compounds XIIa and b proved to be ineffective
against S. mansont in mice.

Among related compounds, N,N-diethyl-N’-(1-phe-
nylazo-2-naphthyl)ethylenediamine (XIII) was pre-
pared by coupling diazotized aniline with 2-(2-diethyl-
aminoethylamino)naphthalene® and 2-(4-phenylazo-
1-naphthyloxy)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-1-naphthyl)ethylenediamine

O(CH2),N(C,H;),
NH(CHQ)zN(CgH.a)z OO
N=NC.H, N=NCH,
XTI XIV

(VIa, 17) with perbenzoic acid in chloroform gave the
corresponding N-oxide (XV), while treatment of
VIa with methyl iodide afforded diethylmethyl[2-(4-
phenylazo-1-naphthylamino)ethylJammonium  iodide
(XVD).

The N-mono- and N,N-dialky]-N’~(4-arylazo-1-naph-

(16) Abbott Laboratories, South:African Patent 63/593 (March 7, 1963).

SYNTHETIC SCHISTOSOMICIDES.

VIII 383
+ +
NH(CH),N(C.H;), NH(CHz)QI\ll(Csz)z-I'
SO GG
N=NCH; N=NGCH;
XV XVl

thyl)alkylenediamines and related compounds deseribed
in the present communication were tested in mice
against a Puerto Rican strain of Schistosoma mansoni®?
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 19,
hydroxyethyl- or carboxymethylcellulose for 10 days.
Drug amounts are expressed as free base. Schistoso-
micidal activity among the N,N-dialkyl-N’-(4-aryl-
azo-1-naphthyl)alkylenediamines of structure III is
widespread. Compounds 2, 8, 13, 22, 23, 29, 30, 34,
41-43, 48, 50, 55, 57, 69, 83, 92-94, 99, 103, 104, 114,
177,188, 196, 201, and 206 (Tables I-1II 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
mg/kg per day when administered orally in the diet
for 14 days.”® These compounds were, therefore,
distinctly more promising in mice than lucanthone hy-
drochloride,'!*  the tris(p-aminophenyl)carbonium
salts,'®17 4,4’-(heptamethylenedioxy)dianiline dihydro-
chloride,®2*  N-[5-(p-aminophenoxy)pentyl ]phthalim-
ide,*® or 3-[4-(3-chloro-p-tolyl)-1-piperazinylearbonyl}-
acrylic acid!* when tested under comparable experi-
mental conditions.

Several representative naphthylazo compounds were
selected for trial against the Puerto Rican strain of S.
mansont in rhesus monkeys®!” and each substance
tested showed significant antischistosomal activity in
this host.’® Drugs were given orally by gavage twice
daily 5 days a week for 1-4 weeks. Among var-
ious [4-(dialkylaminoalkylamino)-1-naphthylazo |ben-
zenesulfonic acid derivatives tested, p-[4-(2-diethyl-
aminoethylamino)-1-naphthylazo Jbenzenesulfonic acid
monohydrochloride (23) at tolerated doses of 25-100
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 aeid 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-

(17) For a description of test methods, see P, E. Thompson, J. E. Meisen-
helder, and H. Najarian, Am. J. Trop. Med. Hyg., 11, 31 (1962).

(18) P. E. Thompson, J. E, Meisenhelder, and H. Najarian, unpublished
results, Parke, Davis and Company, Ann Arbor, Mich,

(19) W. Kikuth and R. Génnert, Ann. Trop. Med. Parasitol., 43, 256
(1948).

(20) C. G. Raison and O. D. Standen, Brit. J. Pharmacol., 10, 191 (1955).

(21) R.F. Collins, M. Davis, N. D. Edge, and J. Hill, {bid., 18, 238 (1958).
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Tasre IV

N, N-D1erayL-N-ALKYL-N ~{4-PHENYLAZO- L-N A PITHYL ) £ THYLENEDIAMINES®

R\N((,‘,H;);N((‘_H‘ j.

N—N——< >——Z
Yield Purifi-
puri- Pro- cation” Carbon, Iydrogen, %5 Nitrogen, '
No. R %z AMp, °C fied, 9% cedure solvent Formula Caled Tound Caled Found Caled Found
197 Clls U 110-120 65 11 K CosllasNe - CotL07 - Celfs 08¢ 62,10 62,53 7.07 6. 84 0. 36 9.30
198  CHs 30611 240 dec 97 v H CasHasN1Os3 - 0.5 H.007 61.41 61.38 6.50 6.40 1246 12,26
190 Colls  SOsH  226-220 dec 37 Iv 11 CauIaN10s8-0.25H:07 62,79 62.72 6.70 6.79 12,21 11.87

« Compounds range from orange to brown in color.
e dnal. Caled: 8, 7.13. Found: N, 7.24. 7 Anal.
100°, 0,98, Found: 0.8,

and the sticky precipitate that formed was extracted with chloro-
form. The combined chloroform extracts were dried (K:CO;),
the drying agent was collected by filtration, and the chloroform
was removed in vacuo. The residue was dissolved in hot 2-
propanol and the solution was treated with excess HCl-2-propanol.
Upon cooling, deep blue crystals separated. The product was
collected by filtration and recrystallized from 2-propanol-HCIL.
N’-{ 4-[p~(2- Diethylaminoethoxy)phenylazo]- 1-naphthyl | - N,N-
diethylethylenediamine (83) was obtained as a hydrated tri-
hydrochloride salt, mp 170-173°, vield 22.5 g (5677). The =alt
was allowed to equilibrate in the air prior to analysis.

Procedure III.—A mixture of 13.8 g (0.1 mole) of p-nitroani-
line, 30 ml of water, and 30 m! of concentrated HCI was heated
until solution occurred. The solution was cooled rapidly to
room temperature with vigorous stirring. Ice (80 g) was then
added followed by 6.9 g (0.1 mole) of NaNO, in one portion.
After most of the precipitate had dissolved, the diazonium salt
solution was added with stirring at 0-5° to a solution of 24.2 g
(0.1 mole) of 1-(2-diethylaminoethylamino)naphthalene® in 250
ml of water, 250 ml of 959 ethanol, and 23 ml of concentrated
HCl. The purple reaction mixture was stirred for 2 hr at 0-3°,
then for 2 hr at room temperature. The mixture was made
alkaline with NaOI and the precipitate was collected by filtra-
tion, washed with water. and dried in vacuo. Crystallization
of the crude dye from 2-propanol gave 30.1 g (779) of N,N-di-
ethyl-N'-[4-(p-nitrophenylazo)-1-naphthyllethylenediamine (16)
as purple-black crystals, mp 137-138°,

Procedure IV.-——A solution, prepared by combining 34.7 g
(0,20 mole) of sulfanilic acid, 34 ml (0.20 mole) of 6 .V NaOH
solution, 250 ml of water, and 200 ml (0.20 mole) of 1 M NaNO.
solution, was ecooled to 0° and added with stirring to a mixture of
50 ml (0.60 mole) of concentrated HCI and 300 g of an ice-water
mixture. After stirring for 5 min, the suspension of the dia-
zonium salt was added to a mixture of 48.6 g (0.20 mole) of 1-(2-
diethylaminoethylamino)naphthalene,” 100 ml (1.20 moles)
of concentrated HCl, and 2 kg of ice~water. The deep purple
suspension was stirred for 18 hr during which time it was al-
lowed to warm to room temperature. The precipitate was col-
lected by filtration, washed with 0.5 N HCI, and dried in vacuo
at 78° for 18 hr. After exposure to the atmosphere for 24 hr,
p-[4-(2-diethylaminoethylamino)- 1 -naphthylazo]benzenesulfonic
acid monohydrochloride dihydrate was obtained as a purple-
green solid, mp 200° dec.

The free base was prepared as follows., The acid hydrochloride
salt was suspended in water and neutralized with agueous sodium
acetate or (NHy).CO; solution. The orange precipitate that
separated was collected by filtration, washed successively with
water and methanol, and dried in vacuo at 100° for 16 hr. The
base (23) weighed 78.5 g (9207), mp 243-244°,

Procedure V.—A solution of 5.3 ¢ (0.0136 mole) of N-(4-amino-
l-naphthyl)-N- (2 - diethylaminoethyl) - 2,2,2 - trifluoroacetamide
monohyvdrochloride (VIId) in 50 ml of ice and water containing
2.5 ml (0.03 mole) of concentrated HCI was treated with 13.6 ml
(0.0136 mole) of a 1 M aqueous =olution of NaNO; over a period
of 5 min. The red diazonium salt solution was stirred for 5 min
at 0-5° and poured into a stirred solution of 3.3 g (0.0136 mole)
of 1-(2-diethylaminoethylamino)naphthalene® in 130 ml of
water and 7.5 g (0.09 mole) of concentrated HCl while main-

taining the temperature below 5°. The resulting purple mixture

b Ree footnote b, Table 1.
Caled: volatile loss at 100°, 2.00,

“ Monocitrate salt.
Found: 1.04.

¢ ISthanol of crystallization.
7 Anal. Caled: volatile loss at

was stirred and allowed to warm to room temperature during 1 hr,
whereupon it was treated with 170 ml of 1 M aqueous NaHCO;.
The mixture was extracted with ether and the combined ex-
tracts were washed successively with water and saturated aqueous
NaCl solution and dried (MgSQ,). The drying agent was col-
lected by filtration, and the ether was evaporated to give 7.2 g
of the intermediate N-(2-diethylaminoethyl)-N-{4-[4-(2-diethyl-
aminoethylamino)-1-naphthylazo]-1-naphthyl}-2,2,2 -trifluoro-
acetamide (VIIId) as a deep red solid with green iridescence.
In another run, a sample of the dihydrochloride salt was prepared
by adding a 2-propanol-HCI solution to a solution of the crude
base in 2-propanol.  Crystallization from methanol-2-propuncl-
ethyl acetate gave dark red crystals, mp 203-205° dec.

Anal. Caled for CuHaF3N;O0-2HCL: C, 60.08; H, 6.3%;
E\ii, 10.43; N, 12.37. Tound: C, 60.00; H, 6.38; Cl, 10.66:
N, 12.85

The crude iridescent base (7.2 g) was dissolved in 75 ml of warm
methanol, 25 ml (0.05 mole) of 2 .V methanolic NaOH was added,
and the mixture was stirred at room temperature for 1 hr.  The
dve was collected by filtration, washed with cold methanol, and
recrystallized twice from an ethanol-acetone mixture to give 3.7
g (5267 over-all) of N,N''-(azodi-1,4-naphthylene)bi<(N’N’-di-
ethyvlethylenediamine) (VIIIa, 209) as iridescent brown needles,
mp 163-165°.

Procedure VI.--A mixture of 7.1 g (0.02 mole) of N-(2-bromo-
ethyl)-4-phenylazo-l1-naphthylamine, 5.0 g (0.04 mole) of 3-azn-
bicvelo'3.2.2Inonane, and 12 ml of dimethylformamide was
heated on a steam bath for 2 hr,  The mixture was poured into «a
mixture of 300 ml of water and 400 g of ice and allowed to stand
overnight.  The orange precipitate that separated was collected
by filtration, washed with water, and dried in vacuo at 55°.
Cry=tallization from chloroform-2-propanol gave 6.2 g (78%) of
3-12-[(4-phenylazo-1-naphthyl)amino]ethyl} -3-azabicyclo[3.2.21-
nonane (136) as lustrous orange-red plates, mp 164-166°.

Procedure VIL— N-(4-Amino-1-naphthyl)-N-(2-diethylamino-
ethy)-2,2,2-trifluoroacetamide monohydrochloride (VIId) (9.8 g,
0.025 mole) was diazotized according to procedure V. The
dinzonium salt solution was added in one portion to a solution of
3.6 g (0.025 mole) of 2-naphthol and 4.2 g of NaHCO; in 200 ml of
water, 200 ml of ethanol, and 200 g of ice containing a trace of
Carbowax stearate. The temperature was maintained at 3° for
3 hr, the mixture was allowed to warm to room temperature
overnight, and the red precipitate that separated was collected
by filtration, dried, and ecrystallized from 2-propanol. The
intermediate  N-(2-diethylaminoethyl)-2,2,2-trifluoro-N-{4-(2-
hydroxy-1-naphthylazo)-1-naphthyl]acetamide weighed 9.2 g,
mp 138-162°. It was suspended in a mixture of 100 ml of
methanol and 50 ml of methanol containing 0.1 mole of NaOlI
and warmed to 60° when solution occurred. The mixture wax
tirred at room temperature for 48 hr, excess solid COy was added,
and the iridescent dark green crystals that separated were col-
lected by filtration, washed with water, and dried in vacuo.
The 1-[4-(2-diethylaminoethylamino)-1-naphthylazol-2-naphthol
{IXb, 203) thus obtained weighed 6.4 g (62¢% over-al), mp 146~
150°,

Procedure VIIL. - A cooled =olution of 0.77 g (0.011 mole) of
NaXNO; in 50 ml of water was added to a solution of 4.0 g (0.011
mole) of N-(4-umino-1-naphthyl)-N-(2-diethylaminoethyl)form-
amide dihydrochloride (V1Ie) in dilute HCL  After 3 min, the
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o w0 oo omn B S g d.iazonium salt solution was added at 0-5° with stirring to a solu-
wEEREXNNESRN T3S = § § tion of 1.6 g (0.011 mole) of 2-naphthol and 1.9 g (0.022 mole) of
s2 SERESDSEREe® T, NaHCO; in 80 ml of water and 100 m! of ethanol. The reaction
3 .. mixture was allowed to warm to room temperature and stand
2o DOV RT VI W T EC E‘ =Y ,L(; overnight. The red precipitate was collected by filtration, dried,
- I Bl B A AR R B and crystallized from ethanol. The intermediate N-(2-diethyl-

Sl ° “'_L aminoethyl)-N-[4-(2-hydroxy - 1-naphthylazo)-1-naphthyl]form-

<T3 amide (IXa) weighed 1.7 g (359), mp 170-172°,

- = Anal. Caled for CxHN4O,: C, 73.61; H, 6.41; N, 12.72.
WESIRRIBELIZBIRDE T ET Found: C,73.54; H, 6.66; N, 12.52.
fLReevonconn-o O 2 =z Hydrolysis to 1-[4~(2-diethylaminocethylamino)-1-naphthyl-
g == azo}-2-naphthol (IXb, 203) was accomplished by allowing a
IEEESZB5038881 = ad g solution of IXa in 2-propanol containing an excess of HCl to
TE HddddBddddwms =3 E stand at room temperature overnight.

< Z8 N-(2-Diethylaminoethyl )-N-(4-phenylazo-1-naphthyl )acet-
= _r amide (VIb).—A mixture of 5.0 g (0.014 mole) of N,N-diethyl-

T RA8REFEEISE LU0 N'-(4-phenylazo-1-naphthyl)ethylenediamine (VIa, 17) and 25
&E gagegigrss Bg ; S ml of acetic anhydride was boiled under reflux for 1 hr, cooled,
g e = and poured into an ice-water mixture. The mixture was made
e gemeomo e o o 2CT basic with NH OH and the oily precipitate that separated was
CIomnnTan-osass = extracted with ether. The combined ether extracts were dried

CHENRS8TEIsERE ¥ E 3 (K.COy), the drying agent was collected by filtration, and the

= filtrate was evaporated to dryness. The residual oil was dis-
Os o~ solved in petroleum ether (bp 30-60°) and an orange-red solid
- — L. o was deposited as the petroleum ether was allowed to evaporate
g & 2 . 3= £ = slqwly in the air. After drying in vacuo for 3 days, the product
= =, 2 2 a=—" weighed 3.7 g (669), mp 69-72°.
2 I =~ 3= Anal. Caled for CoHaN,0: C, 74.19; H, 7.26; N, 14.42.

£ :fa Z oIz ouERE Found: C,74.56; H,7.28: N, 14.60.

£ = E &= Eﬁ t:’ = i g N-(2-Diethylaminoethyl)-N-(4-phenylazo-1-naphthalenecar-

29, ., S99 g5 Ty 2= bamic Acid) Ethyl Ester (VIe).—The addition of ethyl chloro-

CZ322329Q<C .S T E & formate (113 g, 1.04 moles) to 17.3 g (0.05 mole) of N,N-diethyl-
2o%Z Z%Z% Z 7z % ZZ kS = N'~(4-phenylazo-1-naphthyl)ethylenediamine (VIa, 17) was
a2 FIREEETESL I £ <5 accompanied by an exothermic reaction and the temperature rose
COUCO0U0IdCC 52 to 50°. The mixture was heated on a steam bath for 2 hr and
= ck,-: cooled, and the residue dissolved in 250 ml of water. The mix-
* & % *é + 3 _::‘ ture was made basic with NH,OH and the orange precipitate that
ERE- Sd4<ZrESazorn s ‘; = separated was extracted with ether. The combined ether extracts
5 ” M ST were washed successively with water and saturated aqueous
~ N A o & -_9 = NaCl and dried (MgS04). The drying agent was separated and
Z Z, £Zs EE_ vl s L REE" the ether solution was concentrated to dryness ¢n vacuo. The
E [ RE R -PER=C>ER = red, viscous residue (20.0 g 959) could not be induced to

Z. O Z. T3 8 crystallize and was used directly in the reduction step.
TER e mnm oo o ,i = Anal. Caled for C25H30N4O}: C, 71.74; H, 7.23; N, 13.39.

O Eg.g-oocamwww:\-«a:m¢@ RN Found: C,72.01; H, 7.23; N, 13.39.

& < .8 N-(2-Diethylaminoethy}!)-2,2,2-trifluoro-N-(4-phenylazo-1-
C R naphthyl)acetamide Monohydrochloride (VId).—Trifluoroacetic

. 8 R anhydride (77 g, 0.367 mole) was added slowly with stirring and

S e v ocmowmeon a ST external cooling to 30 ml of dimethylformamide and the mixture

e 3‘ 'T\‘ = 'f‘: ’,‘T’ §‘ ‘T‘ SRZg2 =g was added over a period of 40 min with stirring to a solution of

< %o é czgs cﬁ é‘ :L ; g' A 106 g (0.306 mole) of N,N-diethyl-N'~(4-phenylazo-1-naphthyl)-

AArmmmd = = s j ethylenediamine (VIa, 17) in a mixture of 200 ml of benzene and
DA 425 ml of dimethylformamide contained in a 1-1. flusk fitted with a

TEZ dropping funnel, thermometer, mechanical stirrer, and drying

as = @ tube. An exothermic reaction ensued and the temperature rose

:53 2 g 5” to 45°. The dark red homogeneous reaction mixture was al-

2z g< lowed to coul to room temperature and stand overnight. It

< = E £ LT was then poured into a briskly stirred mixture of 1 kg of ice and

B 8 = E = == water and 425 ml of benzene. A cold solution of 28.7 ml (0.430

= .__E3Cz 25,-; g~ mole) of concentrated NH,OH and 100 ml of water was then

25 % 3 g S8z %” ZRCZETE added to the stirred mixture and the aqueous layer was removed
ficddIaddddd TE § in a separatory funnel and extracted with 30 ml of benzene.

g . EOL The benzene extract was combined with the original benzene
s = o layer and the benzene solution was washed successively with
= £ _§ R R R =R 200 ml of water, 100 ml of water, and 50 ml of saturated aqueous
% 3 = A NaCl. The benzene solution was dried (MgS8O,) and the drying
z = . =T ZE agent wags collected by filtration. The filtrate volume was 720
G A== ml. A portion (625 ml) of the benzene filtrate was treated with

= gs PECEY = 45 ml of a 5.8 N 2-propanol-HCl mixture and concentrated to a

O ZS = Z . volume of approximately 400 ml. The mixture was allowed to

Eidz E: = ;-3 = g 5 2E = = 2ZE cool slowly to room temperature and the orange crystalline

Z 5Fcsccon0a 23 %_1;“ ~z precipitate that separated was collected by filtration, washed with

~ % E %’ E EE = g; 5? =™ benzene and et_hoer, and dried n vacuo at 30°; 105.9 g (83.5%,),

SEE2Egi i s Eds T Y e CUHLRNOHOL O 6018; H 547

oo n 55 =l ] nat. ale 24 Hes B3 INLO- : s .18; , 0.47;

SUBEROR2CREe R g o7, N, 1170, Found: C, 50.98; T, 5.54: CL 7.58.
47T X, 1169,

G S e NmEEEEE® S o 5 ®g N-(4-:4minq-1-napht}1yl)-N-(2-diethylaminoethyl)acetamide

Z SRSERRE58883 . N—;E = (VIIb)..—A\-(2-D1ethylammoethy1)- N-(4-ph(;nylazo-1‘-naphthy1)-

TTC acetamide (VIb) (91.0 g, 0.234 mole) was dissolved in methanol
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and hydrogenated over 3 g of Raney nickel at an initial hydrogen
pressure of 3.5 kg/em?  The catalyst was collected by filtration
and the methanol solution was poured into 180 ml (0.12 mole)
of 4 N ethanolic HCl. Volatile materials were removed in
vacuo and the residue was crvstallized successively from 2-
propanol and methanol to give 60.0 g (76¢7) of the hydrochloride
salt ns off-white crystals, mp 230° dec. For analvsisx, a small
sample was converted to the free base, mp 68-71°.

Anal. Caled for CisHasN;O: C, 72.20; 1, 8.42; N, 14.03.
Found: C,71.94; H,8.43; N, 14.04.

4-Amino-N-(2-diethylaminoethyl )-1-naphthalenecarbamic
Acid Ethyl Ester Dihydrochloride (VIIa).-—N-(2-Diethylamino-
ethyl)-N-(4-phenylazo-l1-naphthalenecarbamic acid) ethyl ester
(VIe) (20.0 g, 0.048 mole) was dissolved in 250 ml of absolute
ethanol and hydrogenolyzed over 3 g of Raney nickel at an initial
hydrogen pressure of 3.5 kg/em?  The catalyst was removed by
filtration and volatile materials were removed 7n vacuo. The
dark residue was dissolved in 200 ml of 2-propanol and the solu-
tion was treated with 35 m! of 4 .V ethanolic HCl. The hydro-
chloride salt was precipitated by the addition of anhydrous ether
and the dull pink solid was collected and dried; 16.0 g (83%%),
mp 212-213°.

Anal. Caled for C; HuzN;0,2HCL: €, 56.71; H, 7.26;
Cl, 17.62; N, 10.44. Tound: C, 56.57; H, 7.54; Cl, 17.41:
N, 10.54.

N-(4-Amino-1-naphthyl)-N-(2-diethylaminoethyl)-2,2,2-tri-
fluoroacetamide Monohydrochloride (VIId).—N-(2-Diethyla-
minoethyl)-2,2,2-trifluoro-N-(4-phenylazo-1-naphthyl)acetamide
monohydrochloride (VId) (88 g, 0.184 mole) was dissolved in 600
ml of methanol and hydrogenolyzed at 23-35° at an initial hydro-
gen pressure of 3.5 kg/em? in the presence of 5 g of Raney nickel.
The solvent was removed on a rotatory evaporator while main-
taining the temperature below 45° and the residue was triturated
with anhydrous ether. The precipitate was collected by fil-
tration, washed with ether, and dried in racuo at 50°. Crystal-
lization from ethanol gave 65.9 g (927%) of colorless crystals, mp
215-218°,

Anal. Caled for CsHuFaN;O-HCL: C, 55.45; H, 5.95; N,
10,78 TFound: C, 55.42; H, 5.82; N, 10.80.

N-(4-Amino-1-naphthyl)-N-(2-diethylaminoethyl)formamide
Dihydrochloride (VIIe).—A mixture of 25 ml of formic acid, 60
ml of acetic anhydride, and 200 ml of tetrahydrofuran was
stirred and heated on a steam bath for 2 hr, and to it was added
50.0 g (0.45 mole) of N,N-diethyl-N'-(4-phenylazo-1-naphthyl)-
ethylenediamine (VIa, 17). The mixture was heated under reflux
with stirring for 24 hr and volatile materials were removed
in vacuo. The residue was suspended in aqueous NaOH solution
and the mixture was extracted with ether. The combined ether
extracts were dried (K,CO;), the drying agent was collected by
filtration, and the ether filtrate was evaporated to dryness
in vacuo. The viscous red oil thus obtained (47.0 g, 869;) could
not be induced to crystallize and the erude N-(2-diethylamino-
ethyl)-N-(4-phenylazo-l-naphthyl)formamide (VIe) was used
directly in the hydrogenation step.

A solution of 47.0 g (0.126 mole) of the crude formamide (VIe)
in 300 ml of methanol was hydrogenated over 1 g of Raney nickel
at an initial hydrogen pressure of 3.5 kg /cm?. When the theoret-
ical amount of hydrogen had been absorbed, the catalyst was
removed by filtration and the filtrate was concentrated to
dryness in vacuo. The residue was dissolved in 2-propanol and
the hydrochloride salt was precipitated by the addition of an
excess of a HCl-2-propanol mixture. The product was col-
lected by filtration and dried in vacuo at 40°; 43.4 g (959%), mp
150° dec.

Anal.
712, N, 11.52; H,0, 1.63.
11.13; H,0, 2.13.

N,N-Diethyl-N’-(1-phenylazo-2-naphthyl)ethylenediamine
(XIII).—Aniline (7.9 g, 0.085 mole) was diazotized and coupled
with 20.7 g (0.085 mole) of 2-(2-diethylaminoethylamino)naph-
thalene.2” according to procedure I. The product (XIII) was
obtained as red ecrystals from 2-propanol; mp 78-79°, yield
21.5 g (739%).

Anal. Caled for CallyuNy: ©, 76.26; H, 7.57; N, 16.17.
Found: C, 76.27; 11, 7.70; N, 16.21.

2-(4-Phenylazo-1-naphthyloxy)triethylamine Monocitrate
(XIV).—A mixture of 24.8 g (0.1 mole) of 4-phenylazo-1-naphthol,
17.2 g (0.1 mole) of 2-chlorotriethylamine hydrochloride, 10.8 g

Caled for CiplIpN;O-21CL-0.33 1L,O: C, 56.20; H,
Found: €, 56.59; H, 7.83; N,
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(0.2 mole) of sodium methoxide, and 200 ml of ethanol was boiled
under reflux for 24 hr. The ethanol was removed 7n racuo,
and the residue was treated with an excess of aqueous NaOH
and extracted with ether. The combined ether extracts were
dried (Na.S0,), the drying agent was collected by filtration, and
the ether was removed in vacuo. The residue was dissolved in
warm ethanol and treated with an excess of citrie acid in ethanol.
Upon cooling, the erude product separated, mp 140-143° dec.
Crystallization from ethanol-ether gave 14.6 g (279;) of orange
erystals, mp 143-145° dec.

Anal. Caled for CelluN,0-Cell0: C, 62.32; H, 6.16:
N, 7.79. Found: (,62.41; H, 6.30; N, 7.99.

N,N-Diethyl-N’-(4-phenylazo-1-naphthyl)ethylenediamine N-
Oxide Dihydrochloride (XV).—To a solution of 17.3 g (0.05 mole)
of N,N-diethyl-N’~(4-phenylazo-1-naphthyl)ethylenediamine
(VIa, 17) in 500 ml of dry CHCl; was added slowly with stirring
a =olution of 6.9 g (0.05 mole) of perbenzoic acid® in 100 ml of
CTICl;.  The reaction was mildly exothermie and the tempera-
ture rose to 30°. After 3 hr, the chloroform was removed
in vacuo in the presence of platinum foil, and the residue was dis-
solved in 2-propanol and treated with 5 ml (0.047 mole) of «
3447, 2-propanol-HCl mixture. Upon cooling, the dark red
precipitate that separated was collected by filtration and dried
in racuo at 40° for 72 hr.  The product weighed 6.9 g (3197), mp

155-157°.

Anal, Caled Tor CallN4O-2HCL C, 60.69; H, 6.43; N,
12.87; L0, 0.0. Found: C, 60.69; H, 6.36; N 12.69; H0,
0.0,

Diethylmethyl|2-(4-phenylazo-1-naphthylamino)ethyl]am-
monium Iodide (XVI).—A mixture of 5.0 g (0.0145 mole) of
N, N-diethyl-N’-(4-phenylazo-1-naphthyl)ethylenediamine (Vla,
17) and 3.0 g (0.0352 mole) of methyl iodide was heated on a
steam bath for 15 min, then dissolved in 500 ml of hot ethanol.
Upon cooling, a deep red solid separated weighing 3.8 g (54%),
mp 191-193°.

Anal. Caled for Cullsel Ny C, 56.56; I, 5.98; N, 11.47.
Found: C, 56.60; H, 5.66; N, 11.34.
N-(2-Bromoethyl)-4-phenylazo-1-naphthylamine.—N-(2-Bro-
moethyl)-1-naphthylamine hydrobromide!® (33.1 g, 0.1 mole)
was dissolved in a mixture of 420 ml of methanol and 100 ml
of ethanol on a steam bath and the solution was cooled to —2°.
Aniline (9.3 g, 0.1 mole) was dissolved in a mixture of 200 ml of
water and 26 ml (35.4 g., 0.23 mole) of 489 HBr, and 100 ml of
ethanol was added. The aniline hydrobromide solution was then
cooled to —1° and was slowly treated with a cold solution of
6.9 g (0.1 mole) of NaNO; in 60 ml of water with stirring so that
the temperatnre was maintained below 2°. After 10 min, a
test for nitrous acid (KI-starch paper) was essentially negative
and the diazonium salt solution was added to the stirred solution
of the naphthylamine salt at such a rate as to maintain the tems-
perature helow 5°. The purple reaction mixture was stirred at
0-5° for 3 hir, 250 ml of cold water was added, and the mixture
was allowed to =tand overnight. The green precipitate was
collected by filtration, washed thoroughly with water, and sus-
pended in a mixture of 600 ml of CHCl; and 500 ml of 5% aqueous
NaOIl. The mixture was stirred for 1 hr and the red chloroform
laver was separated and dried (Mg30.). The drying agent was
collected by filtration and the chloroform solution was concen-
trated to 150 m! and diluted with 150 ml of ethanol. The
resulting solution was eoncentrated to approximately 100 mland
petroleum ether (bp 30-50°) was added to the cloud point.
Upnn scratching, the product crystallized as golden hrown
needles.  The precipitate was collected by filtration and dried
in racuo 81 535°1 21.6 g, mp 93-95°. A second crop was obtained
by eoncentration of the filtrate, 7.1 g, mp 93-95°; total vield
28.7 ¢ (8190,

Anal. Caled for CislligBrNy: €, 61.02; 11, 4.55; N, 11.86.
Tound: C, 61.31; H, 4.69; N, 12.05,

1-Chloro-3-(4-phenylazo-1-naphthylamino )-2-propanol.—Ani-
line (4.64 g, 0.05 mole) was diazotized and coupled with 13.6 g
(0.05 mole) of 1-chloro-3-(1-naphthylamino)-2-propanol®® utiliz-
ing the conditions described under procedure I. The crude dye
was extracted with CIHCl;, the combined chloroform extracts
were dried (K.COy), the drying agent was collected by filtration,
and the CHCL filtrate was evaporated to dryness. The residue

(287 1. Gilman and AL 1L Blatt, “Organie Syntheses,” Coll, Vol 1, John
Witeyv and Sous, Tue., New York, N. Y., 1046, p 431

208 15, Fourneau, M, and Mme. J. Trefouel, and G. Benoit, Anni. Dest.
Prastewr, 44, 719 (1930).
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was crystallized from ethanol to give 12.2 g (729,) of a reddish
brown solid, mp 140-141°.

Anal. Caled for C,HisCIN,O:  C, 67.15; H, 5.34; Cl, 10.44;
N, 12.37. Found: C,67.45; H, 5.55; Cl, 10.58; N, 12.26.

1-Chloro-2-methyl-3-(4-phenylazo-1-naphthylamino)-2-pro-

panol.—Utilizing the procedure described above for the prepara-
tion of 1-chloro-3-(4-phenylazo-1-naphthylamino)-2-propanol,
aniline (3.25 g, 0.035 mole) and 1-chloro-2-methyl-3-(1-naphthyl-
amino )-2-propanol® (10.0 g, 0.035 mole) gave 7.8 g (63%) of
maroon crystals, mp 130-131°.

Anal.  Caled for CoHyCIN;O:  C, 67.88; H, 5.70; N, 11.88,
Found: C, 67.98; H, 5.67; N, 12.05.
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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 thiazolines by tosylate esters to
thiazolinium salts (II), (3) alkaline hydrolysis of the salts to an N-(2-mercaptoethyl)acetamide derivative (III),
and (4) hydrolysis of the amides in concentrated HCI and glacial acetic acid to N-monosubstituted 2-mercapto-

ethylamines (IV).

Because of the potential use of 2-mercaptoethyl-
amines as antiradiation drugs,®~® it has become im-
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
funetion.®® In the work reported here, 2 method was
devised for protecting the mercaptan funection in 2-
mercaptoethylamine, allowing the amine funection to
react, and then regenerating the free mercaptan. N-
Monosubstituted 2-mercaptoethylamines were thereby

obtained.
CH,CN N p~-ROSO,C¢H,CH,
HSCH,CH,NH, ——
LHNH, = Eg/”cm CH,C1
I NaOH
MR OscHCH O
- —_—_—
S/"CHa P=UsdUeH, LI
I
HSCH,CH,NRCOCH; ! HC-HOAc HSCH,CH,NHR
I 2. Na,CO, v

o
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Two recent investigations have independently shown
that 2-mercaptoethylamine reacts with nitriles to give
2-substituted 2-thiazolines.!’'!? It had been shown
earlier that 2-thiazolines are quaternized with alkyl
iodides or p-toluenesulfonates.!® 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 complex
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. It 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 (i.e., 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 salt 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
lo the thiazoline, and the latter had acted merely as
an acid acceptor. When refluxing dry acetonitrile
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