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1,4-naphthoquinone diiiiiine (IIIa) , which upon hy- 
drolysis would give 1,4-naphthoquinone iniiiie (VIa) 
and 1,4-naphthoquinone (IX). It should be noted that  
9, X-dialkyl-S '- (4-azo-l-naphthyl)-S '-alkylalkylenedi- 
a i ~ i i n e s , ~ - ~  which cannot exist in quinoid forni, and S- 
(dialkylaininoalkyl) -S-alkyl-l,4-naphthalenediamines, 
which presumably cannot be oxidized to quinone imines, 
are devoid of antischistosoiiie activity. 

Further, the 1-amino-4-naphthylazo compounds 
(Ia and b) may undergo metabolic alteration via hy- 
drolysis of their tautoiiieric hydrazone f o r m  (IVa and 
b). dlt'hough relatively stable in basic media, many 
of these azo coiiipounds hydrolyze at an appreciable 
rate in an acid environiiient.8-10 Presumably 4-azo- 
1-naphthols (VII), which can also exist in quinoid 
foriii (V), are the initial products formed, but under 
certain conditions naphthoquinones have also been 
isolated from the reaction n1ixtures.9~~1-'4 hlterna- 
tively, reductive scission of the 4-azo-1-naphthols can 
occur with the foriiiation of 4-amino-1-naphthol (VIII) , 
which following oxidation and hydrolysis could also 
lead to  1,-2-napht,hoquiriorle ( IX)  via 1,4-naphtho- 
quinone iiiiine (VIa). 

In  contrast, 2-amino-1-naphthylazo compounds de- 
conipose in acid media to  give 2-naphthylamine and 
phenol. This phenomenon may explain the therapeu- 

(8) E. I<'islier itrid 0. Hepp, Be,., 26, 2732 (1892). 
(9) L. S. Harrow and J. H. Jones, J .  Assoc .  O&. Agi.. C h e n ~ i s t s ,  37, 1012 

(1954). 
(IO) C. Shearer, D. H. Szulczeaski, L. hl. Werbel, L). F. Worth,  and  .J .  hl. 

Vandenbelt, unpublished results, Parke, Davis and Company, Ann Arbor, 
hlich. 

(11) H. T. Rucherer and AI. Rauch, J .  pvakt .  ChFm., 132, 227 (1031). 
(12) H. T. Uuclierer and li. Hanuscli, ib id . ,  132, 274 (lY3l).  
(13) H. T. Duclierer and AI. Hayaslii, <bid. ,  132, 302 (1931). 
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tic failure of the 2-(dialkylaminoalkylaniiiio)-l-naph- 
thylazo coiiipounds in experimental schistos~niiasis.~-~ 

The theoretical implication of 4-amino-1-naphthol 
and the 4-azo-1-naphthols in the metabolic sequence 
stiniulated an investigation of the antischistosoiiie 
properties of these compounds. Several representative 
4-azo-1-naphthols exhibited detectable activity against 
S. manson i  in the mouse but were much less active 
than the 4-azo-1-naphthylaniines. Thus, 4-phenyl- 
azo-1-naphthol and p-(4-hydroxy-l-naphthylazo) ben- 
zenesulfonic acid monosodiuni salt (orange I) ,  which 
were the most promising conipounds tested, effected 
only a 23-36y0 reduction of live worms when adniin- 
istered in the diet for 14 days a t  doses ranging froiii 
487-661 nig. /kg./'day. 4-ilniino-1-naphthol hydro- 
chloride (VIII) killed adult S .  manson i  in vitro a t  drug 
concentrations of 12.5 and 50 y/nil., but was ineffective 
in mice n hen given orally a t  the maximuni tolerated 
dose.'j 

The thesis that  potent antischistosonie activity is 
associated with the capacity of naphthylamines to  
exist in quinoid form proinpted the synthesis of various 
4-substituted 1-(dialkylaniinoalky1aniino)naphthalene 
dcrivatives in which the substituent a t  position 4 
might be expected either to  facilitate or block quinone 
forination. The preparation of 4- [ (2-diethylaniino- 
ethyl)aniino]-1-naphthol (XIV) was of particular 
interest because it represented a likely precursor of 
quinone iniines of structure VIb. 

Several routes to 4-[ (2-diethylaniinoethyl)aiiiino]-l- 
naphthol (XIV) were investigated, including the alkyla- 
tion of 4-amino-1-naphthol (VIII) with 2-chlorotri- 
ethylaniine, l 6  the hydrobroniic acid scission of S,S- 
diethyl-K'-(4-inethoxy-l-naphthyl)et h y 1 e n  e d i a ni i n  e 
(XVIb), and the reaction of l,4-naphthalenediol 
u ith S,S-diethylethylenedianiine. l7 Sone was satis- 
factory. However, XIV was prepared successfully 
according to  the scheme outlined in Chart 11. Acyla- 
tion of 4-amino-1-naphthol (VIII) with trifluoroacetic 
anhydride in dimethylformaniide gave 2,2,2-trifluoro- 
S-(4-hydroxy-l-naphthyl)acetaiiiide (X), which upon 
treatment with dihydropyran gave 2,2,2-trifluoro-S- 
{ 4- [ (tetrahydropyraii-2-yl)oxy ]- 1 -naphthyl 1 acetamide 
(XI).  Hydrolysis of XI with sodium niethoxide in 
methanol afforded 4-[(tetrahydropyran-2-yl)oxy1-1- 
naphthylaniine (XII) . Alkylation of XI1 with 2-chloro- 
triethylamine in ethyl acetate gave S,S-diethyl-S'- /4- 
[(tetrahydropyran-2-yl)oxy]-l-naphthyl } e t h y l e n e d  i- 
amine (XIII) ,  which was converted into XIV by acid 
hydrolysis in aqueous methanol. Ultraviolet absorbence 
maxima of XIV, in inethanol, occur a t  339 and 2.52 nip. 
A4ddition of alkali to the iiiethanolic solution causes an 
iniiiiediate and drastic alteration of the speetruni, fol- 
lowed by progressive changes indicative of deconiposi- 
tion. 

1-(Dialkylaniinoalkylaniino)naphthalenes substituted 
at  position 4 with chloro, niethoxy, methylthio, phenyl- 
thio, nitro, or sulfonic acid groups (Tahlc I) were syn- 
thesized by three routes. The S-(dialkylaniinoalky1)- 
naphthionic acids (X\?a and b) were prepared from 1- 

(15) P. E. Thompson, unpublished results, Parke, Davis and Company. 

(16) Farbenfabriken I3aper Aktiengesellschaft, I3ritisli Patent 868,884 

(17) L. hl. Werbel, 1). 13 .  Capps, E. F. Elsleger, M'. Pearlinan, F. JV. 

Ann Arbor, Mic l i .  

(hIay 23,  1961). 

Short, E. A .  Keinstein,  and  J>. F. K o r t h ,  .I. .Wed, Chem. ,  6 ,  637 (1963). 
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iiaphthol-4-sulfonic acid and tlic appropriate dialkyl- 
aiiiiiioalkylaiiiiric utilizing sodium hydrosulfite. S,S- 

OH 
1 

I 
S03H 
XI* 

1 1 ,  \I = (CHI), .  I l i R i  = (CHj ) ,  
i I ,  t. = (cr32)-, I : ~ I L  = IC,H,)~ 

Ilicthyl-S '-(l-chloro-, 4-iiicthosy-, 4-niethylthio-, and 
l-pht~iiylthio-l-iiaphthyl)c~tl~yle~iediailii~ie (XVIa-d) 
\ v ( w  prcpard  by alkylation of the appropriate 1- 

121-1- hH(CH.)-N(C'-H 1- 
l I 

substituted 1-naphthylaiiiiiie with 2-chlorotrictliyl- 
aiiiine. T'arious S,S-dialkyl-S '-(4-nitro-l-naplithyl)- 
alkyleiiedianiines (XT'IIa -d) ~ v e r c  ohtained by thc con- 
densation of l-chloro-1-iiiti~oiiaphthalciic with t lie rcq- 
uisite dialkylaiiiiiioalkylaiiiiii~~. Quaternization of S ,S- 

C' RNYNRIR. 

d ie t h y 1-S'- (4-ni t ro-1-na ph  t I1 y 1) e t  h y I c i icdia i r i  j I I  cl 
(XVIIa) I\ ith iiiethyl iodide and benzyl chloride gave 
diethyliiiethyl[:'- (4 -nitro - 1 -naphthylamine jet 11s I ]a 111- 

iiioniuni iodidc (SVIIIa) and benzyl diethyl [2--(4-iutro- 
1 -naph thylaii iino) et hyl ]aiiimoiiiurn cliloride (XI'I I I b) . 
respectively. 

R 
hii(m.)-A +c-trll- 

@ x- 
SO 

YVII Ia ,  11 = C'IIJ. s = I 
1). I< = CH2C6Ha, S = ('1 

S-(4-A I(3thoxy-1 -naphthylj-l-pipc~ikli 11 ('I c r  t il II I I ( 1  tn 

(XIX),  a wlativc1 of XYIb iir which a ( w I ) I ) I I ~ I  
group 15 substituted for thr iiwtliyleiic gioup 
adjacent to  thc naphthylamine, was prepared f i  o i i i  4- 
inethoxy-I-iiaphthylainiric by  treatnient n-ith chloro- 
acetic anhydride followed by aniination of t h r  inter- 
riwdiate ~-chloro-N-(4-iiiethoxy-l-riap~it~iyl)a( 
11-ith piperidiiit). 

The 4-substitutcd l-(dialkylaii i i~ioalkylaii i i i io)~~~~li-  
thalm(h conipouircls ~ Y C I ' C  testcd in iliicr agaiiiht :I l ' i t ( i i  to 
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Purifica- 
tion -Carbon, 56--- --- Vitrogen, %--- 

I A C15H&;203S 58.42 58,41 6 .54  6.65 9.09 9.04 
I1 B C16H21ClPIT\TZ. 2HCP 54. E5 54.95 6.63 6.68 8 . 0 1  8.05 
I11 E C I ~ H ~ I X & ~  66.87 66. SO 7.37 7.34 14.62 14.53 
I A Ci&S203S 59.60 59.53 6.88 6.79 8.69 8.57 
I11 L) C17H23S302 67. i 5  67.  S3 i . 6 9  i . 7 7  13.94 14.03 
I11 E C17H23s302 67.75 67. x's 7.69 7.69 13.94 13.89 
I1 C C,,HnN?O '2HC1" 59.13 59.22 7.59 7.68 8.11 8.05 
IIf  D C ;HZ?NzS i o .  is 71.49 S.38 8 ,55  9.71 9.34 
I11 E C1&33,02 68.98 69.16 7.40 7 . 3 2  13.41 13. 60 
IIf E Cp&,NnS ' HC1 68.28 68.53 7.03 7.03 7.24 6.68 

8.88; ?;, 10.28. Found: C, 74.96; H, 8.91; S, 10.27. e 12"D 1.6130. The sodium salt of the starting naphthylamine was formed 
in xylene using a 50% sodium hydride dispersion in oil. 

--Hydrogen, %-- 
Procedure solventa Formula Calcd. Found Calcd. Found Calod. Found 

I 

OCH, 
XIX 

Riean strairi of S.  mans on^'^^'^ by Dr. Paul E. Thonip- 
son and eo-workers of these laboratories. Sone  of 
these exhibited significant antischistosome activity 
following drug-diet adiiiinistration to mice in doses 
ranging from 136-564 mg./kg./day for 14 days. KO 
satisfactory explanation is evident for the surprising 
therapeutic failure of 4- [(2-diethylaniinoethyl)aniino]- 
1-naphthol (XTV). 

The conipounds described in the present communi- 
cation were also tested against several other parasites 
and against representative fungi and bacteria. Com- 
pounds XIV, XT71a and d,  and XYIIc were aiiiebicidal 
in  vitro when incubated for 48 hr. with the UC or 
200F strain of ETitarnoeba histolyfica a t  drug concentra- 
tions ranging froiii 20-40 ~ / 1 1 1 l . ~ ~  By conipari6on, 
paroinoniycin is active in the range of 2-10 Y/1111.i9 

In  ~ i t w ,  nine conipounds (XIII, XIT', XYIa and b, 
XVIIa, c, and d, and XT'IIIa and b) were lethal to 
Streptococcus pyogenes (C 203) a t  concentrations of 
.>-2O T/ml., two conipounds (XIV arid XVIIIb) mere 
lethal against Staphylococcus aureus (UC-76) a t  con- 
ceiitratioiis of 10-20 y /  ml., and six compounds 
(XVIa-c, XVIIa and e, and XVIIIb) were lethal to 
Jlycobacterium tuberculosis (H37Rv) a t  concentrations 
of 0.63-20 y nil. Sone  exhibited proniising activity 
ill experiincrital aiiimals. 

Experimental ?" 

2,2,2-TriHuoro-N-(4-hydroxy-l-naphthyl jacetainide (1). ~ \ 
solution of 300 g. (1.43 moles) of trifluoroacetic anhydride in 

(18) For a description of test  methods, see P. E. Thompson, J. E. hleisen- 
helder, and H. Najarian, Am. .I. T r o p .  J l e d .  H y g . ,  11, 31 (1963). 

(19) I'or a description of test methods. see P. E. Thompson. A .  J3ayles, 
Y. F. Herbst, B. Olszeaski, and J. E. ;\Ieisenlielder, Antibiot. C h e m o t / i e m p ~ / ,  
9, 618 (1959). 

(20) Ilelt ing points (corrected) u-ere taken on a Thomas-Hoover capil- 
lary melting point apparatus. 

1.50 ml. of dimethylformamide was added with stirring to  a 
niixture of 264 g. (1.35 moles) of 1-amino-4-naphthol hydro- 
chloride, 189 nil. (1.35 moles) of triethylamine, and 300 ml. of 
dimethylformamide. The temperature of the reaction mixture 
rose to 65' during the addition. Stirring was rontinued while 
the mixture was heated to SO", then cooled. The reaction niix- 
ture was stirred into 7 1. of an ice-water mixture and the precipi- 
tate that separated was rollected and washed thoroughly with 
water. The crude product was crystallized twice from ethanol- 
water (decolorizing charcoal) to give 112 g. (335;) of off-white 
needles, m.p. 202-205". 

Anal. Calcd. for ClrHaF3SOz: C, 56.48; H, 3.16. Found: 
C, 56.55; H, 3.28. 

2,2,2-TriHuoro-N- { 4- [(tetrahydropyran-2-yl)oxy] -1-naphthyl 1 - 
acetamide (XI).-To a mixture of 112 g. (0.44 mole) of 2,2,2- 
trifluoro-PIT-( 4-hydroxy-1-naphthy1)acetamide (X)  and 375 i d .  

of dihydropyran was added 4 mg. of p-toluenesulfonic acid mono- 
hydrate. The mixture was warmed for 10 min., cooled, and 
filtered. The crude product was crystallized twice from benzene 
giving 102.5 g. (72% ) of colorless crystals, m.p. lil-174". 

Anal. Calcd. for CI,Hl8F3SOa: C, 60.17; H, 4.i5. Found: 
C, 00.30; H,  4.86. 

4- [(  Tetrahydropyran-2-yl)oxy] -1-naphthylamine (XII),- 
2,2,P-Trifluoro-X- { 4- [ ( tetrahydropyran- 2 - yl)oq-] - 1 - naph thy1 ) - 
acaetamide (SI) (il g., 0.21 mole) was dissolved in a mixture 
of 125 nil. of 2 *\- sodium niethoxide in methanol and 10 i d .  

of wat,er. The mixture was allowed to stand a t  room teni- 
perature for 10 days. Methanol (125 xnl.) and water (200 nil.) 
were added and the mixture was flushed with nitrogen and re- 
frigerated. The solid that separated was collected, washed with 
methanol-wat,er, and dried in vacuo a t  30", 27.i g., m.p. 92- 
>120". A second crop weighing 9.T g., m.p. 91->120°, was 
obtained by dilution of the filtrate with water. The crude nia- 
terials were crystallized twice from cyclohexane (decolorizing 
charcoal) to give 25 2 g. (4gC;) of pale lavender crystals, m.p. 
!)4-M0. 

Anal. Calcd. for C15Hl:S02: C, i4.05; H,  7.04; S, 5.75. 
Found: C, 74.49; H, 7.07; S, 5.82. 

N,N-Diethyl-N'- { 4- [(tetrahydropyran-2-yl)oxy] -1-naphthyl ) - 
ethylenediamine Monohydrochloride (XIII).--Tu a solution of 
22 g. (0.UO niole) of 4- [( t e t r ahydrc~p ; \ r a r i -~ -~ l )ox~] - l -~~aph thy~-  
aiirine ( X I )  in 250 1111. of boiling ethyl acetate was :iddeti tlrop- 
\vise with stirriug 13 g. (0.096 mole) of 2-chlorotriethylaiiiiI~e and 
the mixture was boiled under reflux for 24 hr. The mixture was 
cooled and t,he off-white solid that separated was collected by 
filtration, dried in cacuo, and crystallized from methanol-ether; 
yield, 7.4 g.; m.p. 133-136' dec. The residue ohtained by ron- 
ceiitration of the ethyl acetate solution \vas triturated with 
anhydrous ether arid crystallized twice froin methanol-ether to 
give 13.7 g. of a second crop, m.p. 130-131" dec; total yield, 
21.1 g. (62%). 




