
Journal afMedicina1 Chemistry 
@ Copyright 1968 by the American Chemical Society 

VOLUME 11, NUMBER 3 APRIL 26, 1968 

Novel Antituberculosis and Antileprotic Agents. 
1-(3- { [5,6,7,8-Tetrahydro-4-(phenylazo- and 3-pyridy1azo)- 

1 -naphthyl] amino ] propy1)piperidines and Related Compounds 

T,ESI,IE 31. WERBEL, EDWARD F. ELSLAGER, ~ I Y R O N  W. FISHER, ZOE B. G.4VRILI8, AND AYNETTE A. PHILLIPS 

RPwarc h 1,ahnmtor r p c ,  P a r t e ,  Dnnis nnd Cornpanil, A n n  .1 I hor, Alfrrhrqan 

Received October 11, 1967 

A variety of N-mono- and N,N-dialkyl-S’-[4-azo(j,6,7,8-tetrahpdro-l-naphthyl- and -2,3-xylyl)] alkylenedi- 
amines were synthesized by (1) coupling a diazotized aromatic or heterocyclic amine with the requisite N,K-di- 
alkyl-N’-(S,6,7,8-tetrahydro-l-naphthyl- or -2,3-~ylyl)alkylenediamine, (2) condensation of X-(3-bromopropyl)- 
6,6,i,8-tetrahydro-4-phenylazo-l-naphthylamine with the appropriate amine, and (3) alkaline hydrolysis of the 
corie\ponding N-(aminoalkyl)-2,2,2-trifliioro-N-(~,6,i,8-tetrahydro-4-azo-l-naphth~l)acetamides. Potent zn 
artro antititberrillosis activity among the I\;-mono- and ~,~-dialkyl-N’-[4-azo(~~6,i,8-tetrahydro-l-naphthyl- 
arid -2,3-xylyl)] alkylenediamines is widespread, and 28 compounds exhibited a similar order of potency as isoni- 
aLid. However, activity against Mycobacterium tuberculosis HWRV in mice is relatively specific, and strong effects 
were observed only among the 1-(3-1 [~,6,7,8-tetrahydro-4-(phenylazo)-l-naphthyl] amin0)propyl)piperidines (I) 
and 1-(3-{ [~,6,5,8-tetrahydro-4-(3-pyridylazo)-l-naphth~l]amino}propyl)piperidines (11). Four representative 
compounds among the latter types also showed definite suppressive antileprotic activity against M. lepraemurium 
in mice. Striicture-activity relationships are discussed. 

Among acid-fast bacilli, the tubercle bacillus 3iyco- 
bacterium tuberculosis and Ad. leprae, the bacillus of 
human leprosy, have major medical significance. 
Tuberculosis is now generally regarded t o  be one of 
the most important specific communicable diseases in 
the world, and there are millions of new cases each 
year.’,? Some eleven million people are afflicted with 
leprosy. In  addition, more than two billion people 
live in areas with leprosy prevalence rates of 0.5,’ 
1000 or higher; in these areas nearly one million new 
cases of leprosy can be expected within the next 5 

The long duration of the disease, the dis- 
abilities it causes, and the human and social conse- 
quences to the patients and their families give to 
leprosy a special position among diseases. Therefore, 
the search for more effective chemotherapeutic agents 
c0ntinues.j 

The synthesis of various 4-amino-1-naphthylazo 
schistosomicides was reported in previous communica- 
tions from these labora t~r ies .~-~  Several representa- 
tive X,N-dialkyl-?J’-(5,6,7,8-tetrahydro-4-azo-l-naph- 
thy1)alkylenediamines were also prepared. While none 
of these possessed significant antischistosome proper- 
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ties, several compounds unexpectedly exhibited re- 
markable activity against diycobacterium tuberculosis, 
strain H3,Rv. Subsequently, extensive chemical and 
microbiological studies were initiated to explore this 
new lead. These studies led to the discovery of two 
novel classes of antituberculosis and antileprotic 
agents, namely 1-(3-{ [5,6,7,S-tetrahydro-4-(phenyl- 
azo)-1-naphthyllamino }propyl)piperidines (I) and 
1-(3-{ [5,6,7,S-tetrahydro-4-(3-pyridylazo)-l-naphthyl]- 
amino )propyl)piperidines (11). These compounds ex- 
hibit potent antituberculosis activity against +&I. 
tuberculosis H 3 7 R ~  in vitro and in mice, and show defi- 
nite suppressive antileprotic activity against 111. 

NHWJ,” 

N H ( c H 2 ) 3 N 7 R  

N=N* X N=N+ 

I1 

l epraemur ium in mice.5 In  structure I, R is hydrogen 
or methyl and X represents a hydrogen or halogen 
atom; a lower alkyl, hydroxyalkyl, or alkoxyalkyl 
radical containing from one to three carbon atoms in- 
clusive; or an acetyl, trifluoromethyl, or nitro group. 
I n  formula 11, Y represents a hydrogen atom or a 
methoxy group. The present paper describes the 
synthesis and microbiological properties of these and 
related compounds in detail. 

Chemistry.-Among the N-mono- and N,N-djalkyl- 
N’-[4-azo(5,6,7,8-tetrahydro-l-naphthyl- and -2,3- 
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(J Compounds prepared by coiipling the appropriate benzenediazoniim saltg wihh 1-1 :3-[ i~,G,7,8-tetmh~dro-l-naplithyl)arnirio] propyl 1- 
piperidine (101, Table VI) (procedures I and 11.) b A, ethanol; B, 2-propanol-water; (', 5-propanol-chloroforIn; D, ethanol-w:iter; 
E, 2-propanol; F, ethyl acetate; G, acetonitrile-water; H, acetone; I, acetonitrile--.\Ietliyl Cellosolve; J, chloroform-petroleum ether 
(bp 3040");  K, methanol-ether; L, dimethylformamide; A I ,  ethanol-ether; ?J, methanol; 0, chloroform; P, 2-propanol-Methyl Cello- 
solve-water; &, acetonitrile; R, dimethylformamide-water ; s, 2-propanol-ethyl acetate: T, %-prop:tnol-et,her; U, ethanol-2-prupanol; 
V, methanol-2-propanol; W, 2,2,4-trimethylpentane; X, reprecipitated from aqueous sodiirm hydroxide nrith acetic acid. C1: ralcti' 
13.27; found, 8.31. d H20:  calcd, 0.49; found, 0.47. e H20: calcd, 5.80; found, t5.78. .f H20: calcd, 1.30; found, 1.47. I n  ei t ro  
activity against Mycobacterium tuberculosis HZ7Rv was evaluated in a defined medium1' corititining lOy0 (v/v) bovine serum.l6 Activity 
is based on the minimum drug concentration (pg/ml) causing total inhibition, and potency retinyn are assigned within the following coli- 
(sentration ranges (pg/ml): The referencedrug, isoniazid, 
gives complete inhibition at, 0.02 pgjml, a rating of +++. &'IT: calcd, 7.41; found, 6 
(-:ilcd, 62.31; found, 62.89. k C: calcd, 71.09; found, 71.66. ' <': calcd, 77.18; foLlnd, 77 
c.:t]rti, 12.95; foiind, 12. 0 N :  cnlcd, 17.46; found, 16.08. p ,411 compoiinds wwe n r r : i l  

++++, <0.01; +++, 0.01-0.1; ++, 0.1-1.0: +, 1.0-10.0: -, >10.0. 
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N=N-Het 
MIC ?...h .lI. 

Yield Purification" tuberculosis 
KO. Heterocycle RIp, OC purified, "/o solvent Formulae H I ~ R Y  

50 2-Thiazolyl 144-146 31 D CxI-IzJVsS ++ 
51 2,4-Uihydroxy-3-pyrimidiiiyl 183 dec 3 5 R CzzH3~N602 -0 .  5H20c - 
52 3-Pyridyl 117-119 58 B C23H31N5 +++ 
53 6-Methoxy-3-py1 idyl 129-13 1 64 E Cz4H33NbO +++ 

2,1,3-Benxothiadiazol-4-yl 138-159 12 Q CzrH30N6Sd + 
5 5 3-Qiiinolyl 185-188 / a  P Cz7HmNs + 
5 6 6-Butoxy-3-pyridyl 123-124 45 E Cz7H39N8 + 

c- 
54 

Compounds prepared by coupling a diazotized* heterocyclic amine wit,h 1-( 3- [ (.i,6,7,S-tetrahydro-l-naphthyl)amitio] propyl ] piperi- 
dine (101, Table TI) (procedures I and 11). b See footnotes b and 9, Table I. HzO: calcd, 2.15; found, 2.55. H: calcd, 6.96; 
found, 6.48. e See Table I, footnote p .  

TABLE I11 

4 C H J J W  f i 5  

S G U s T r T U T E D  I-( 3-[( j , 6 , 7 , 8 - T E T R a H Y u H o - 4 - P H E ~ ~ L ~ ~ Z O - l - ~ A P H T H Y L ) . ~ . M I ~ O ]  PROPYL)PIPERIDINESa 

N=+ 

Yield Purificationb JIIC vS.b .ir. 
tuberculosis HaiKv ForrnulaQ S O  R blp ,  oc purified, 70 solvent 

'3 i 3-013 195.5-196.5 dec 20 U Cz iH32S4O. 2 H C1 e ++ 
5 8 3-CH3 101-102 44 E C Z S H ~ ~ N ~  +++ 
59 4-CHa 114-118 56 E CZ5H34N4 +++ 
60 4,4-O( CHz)zO 136-138 84 E C Z ~ H ~ ~ N I O  - 
61 2-CnH5 70.5-72.5 49 E C Z ~ H ~ B N I  +++ 
G'L 2-CHzCHzOH 149 dec 61 A C Z ~ H S ~ N ~ ~ . ~ H C ~ *  1 .  bHzOc ++ + 63 4-CHzCHzOH 152 dec 
64 3-CHOKCH3 171 dec 32 V CzsH3840 * 2HC1. HyOd + 
65 4-CHOHCHS 128.5-131 69 E CzsH3eN40 + 
66 2-CH3, 5-CzHj 198-199.3 22 E C Z T H ~ ~ N ~ .  HBr ++ 
67 4,4-(CH2), 158-160 24 C CzJLoN4 + 
68 4-N( CHZ)S 130-132 5 3 C CzsHiiNs + 
69 4-(CHz)zN(CHz)s 136.5-138 34 E CaiH45N~' + 
70 4-(CHz)&H, 79-81 69 E C33H50N4 - 

-- 

6 5 &I C26H36N40 '2HCl 

' I  Compounds prepared by amination of ~-(3-biomopropyl)-.i,6,'7,8-tetrahydio-4-phenylazo-l-iiaphth~la1ni1ie (YII) with the appro- 
priate piperidine derivative (procedure IV). See footiiotes b and 9, Table I. c HzO: calcd, 5.19; found, 4.90. d HzO: calcd, 3.3%; 
found, 3.53. e C:  calcd, 61.93; found, 61.41. f H :  calcd, 9.30; found, S.86. Q See Table I, footnote p .  

xylyl) Ialkylenediamines described in Tables I-V, the 
1 - { 3-  [ (5,6,7,8-tetrahydr0-4-phenylazo - 1 -naphthyl) - 
amirio]pl.opyl)piperidines (Table I), 1-{3-[(5,6,7,S- 
t e t r a  h y  d r o-4-heterocyclic azo-1 - n a p  h t h y 1) a mi no]- 
propyl) piperidines (Table 11), KJN-dialkyl-S'-(4-azo- 
2,3-xylyl)alkylenediamines (Table T'), and various 
other N-mono- and N,N-dialkyl-N'-(3,G,7,S-tetrahydro- 
-1-phenylazo-1-naphthyl)alkylenediamines (Table IV) 

111 

IV 

NH(CHJ,N(CzHJ, N H ( C H 2 j 3 N 3  

c1 4 0 N = N ~  ,2HC1 

V VI 

were prepared by coupling a diazotized aromatic or 
heterocyclic amine with the appropriate S,S-dialkyl- 
Nr-(5,6,7,8-tetrahydro-1-naphthyl- or -2,3-xylyl)alkyl- 
enediamine (Table VI) in an acidic media (procedures 
1-111) ,7-s Similarly, 1- { 3- [ (5,6,7,8-tetrahydro-2-meth- 
yl-4-phenylazo-l-naphthyl)amino]propyl}piperidine di- 
hydrochloride ( I  I I) ,  1- ( 3 -  { [ 5,6,7,8-tetrahydro-4- 
(1-naphthylazo) - 1-naphthyl] amino ] propyl) piperidine 
(IV), and 1;'- [3-chloro-4-(phenylazo)phenyl]-S,1\;-di- 
ethylethyleriediamine (1') were prepared by coupling 

N=N* 
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1 lu (c&)4 11 138-16O (0 17) 61 I1 ClJLBx: /N 

I11 Ci&Sz 
103 (CHz), CHa (CH2),N(CH,), 
104 (CH2)a H CHCHS(CH~)SN(C?H,)~ 148-151 (0 1) .I i 

10.5 (CH2)4 H CH,C(CH,)&H2N(CH,), 163-166 (0 4) 3 2 I11 CmH32N2 

(CHZII-( -,) 
CH, 

13!1-140 (0 6) 7 0 I1 ClgHaoSL .9HCP -- 

a Procedure> employed weIe similar to those described previously10 [L 11. Werbel, 1). B. Capps, E. F. Elslager, W. Pearlmail, F. IV.  
Short, E. A. Weinstein, and L>. F. Fvorth, J .  M e d .  Chem., 6, 637 (1963)] ; cited methods 1-111 correspond to  those described on p 644 
of this refeience. b Mp 55.5-56.3'. Dihydrochloride crystallized fiom 2-PrOH, mp 228.5-231.5'. d See Table I, footnote p .  

diazotized aniline or 1-naphthylamine with 1- f 3- 
[(5,6,7,8 - tetrahydro - 2 -methyl - 1 - naphthy1)aminol- 
propyl ]piperidine (103), 1-{ 3-[(5,6,7,8-tetrahydro-l- 
naphthyl)amino]propyl}piperidine (101)) and N,S- 
diethyl-n"- (3- chlorophenyl)ethylenediamine, respec- 
tively. 1- [3-(p-Phenylazoanilino)propyl]piperidine di- 
hydrochloride (VI) was prepared by alkylation of the 
sodium salt of p-phenylazoaniline with 1-(3-chloro- 
propy1)piperidine in toluene. The intermediate N,K- 
dialkyl-i\"- (3,6,7,S-tetrahydro-l-naphthyl- and -2,3- 
xyly1)alkylenediamines (Table T71) were prepared by 
alkylation of 5,6,7,8-tetrahydro-l-naphthylamine or 
2,3-xylylamine with a diallcylaminoalkyl halide (meth- 
ods I arid 11, Table VI), or by reductive alkyl- 
ation of 5,6,7,S-tetrahydro-l-naphthylaniine &h an 
aminoaldehyde or ketone (method 111, Table T'I).l" 

Alternatively, the condensation of S-(S-bromo- 
propyl)- 5,6, f ,S-  tetrahydro -4 - phenylazo- 1 -naphthyl- 
amine hydrobromide (VII) with an excess of the 
appropriate amine afforded a facile route to 1-(3- 
[ (5,B17,S-tetrahydro -4-phenylazo - 1 -naphthyl) aniirio ]- 
propyl} piperidine compounds substituted in the piperi- 

NH(CH,),Br 
I 

@ HBr 

N = N G  

VI1 VI11 

dine ring (Table 111)" and to certain S-mono- 
and N, 3-dialkyl-S'- (5, 6,7,8-t etrahydro-4-phenylazo- 
l-naphthyl)-1,3-propanediamines (Table IV) in which 
the piperidine ring is replaced with other amine sub- 
stituents (procedure IV). In like manner, 3-(1-hy- 

( I O )  I.. 11. \Verl)pl, D. R .  Capps, E. I;. Elnlaper. TV. Pearlman. F. 11.. 
Short. E. .\. \Veinstein, and D.  F. \T'ortli, J .  .Wed. Cheni.. 6, 637 (1963). 

(11) T h e  authors are indebted to  Dr. F. E. Cislak of the Reilly Ta r  and 
Chemical Corp., Indianapolis, Ind., for his generosity in supplying samples 
of many of the piperidine derivatives employed in this investigation. 

droxyethyl) -1- [3- (5,6,7,8- tetrahydro-4-phenyl-azo-l- 
riaphthylamino) p rop  y 11 pyridinium chloride (T'III) 
was prepared from VI1 and 3-(1-hydroxyethy1)- 
pyridine. The starting material T'II was prepared 
from 3-(5,6,7,8-tetrahydro-l-naphthylamino)propa- 
noli* by treatment with 48y0 hydrobromic acid fol- 
lowed by coupling of the intermediate n'-(3-bromo- 
propyl)-5,6,7,8-tetrahydro-l-naphthylamine hydrobro- 
mide with diazotized aniline in dilute hydrobromic acid. 

In  anticipation that the S,S-dialkyl-X'- [4-azo- 
(3,6,7,8-tetrahydro-l-naphthyl- and -2,3-xylyl)]alkyl- 
enediamines, like 4'-sulfamyl-2,4-diaminoa~obenzene'~ 
and the 4-(aminoalkylamino)-l-naphthylazo schisto- 
s o m i c i d e ~ , ~ - ~ ~ ~ ~  might undergo reductive scission i r i  
vivo to give active metabolites, l4  the reduction products 
1 - [3-(4- amino - 5,6,7,8 - tetrahydro -1 -naphthylamine ) - 
propyllpiperidine (IX) and K-(2-diethylaminoethyl)- 
2,3-dimethyl-p-phenylenediamine (X) were prepared. 
The synthesis of these diamines was readily accom- 

I 

"z 

Ix 
NH? 

X 

plished by catalytic hydrogenation of 1-(3- [(5,6,7,S- 
tetrahydro -4 - phenylazo - 1 -naphthyl) amino ]prop y 1 } - 
piperidine (14) and S,S-diethyl-K'-(4-phenylazo-2,3- 
xyly1)ethylenediamine (89) , respectively, over Raxiey 
nickel in met'hanol or ethan01.I~ The preparation of 
1,l'- [azohis (5,6,7,8 - tetrahydro -1,4 - napht'hyleneimino- 
trimet,hylene) Idipiperidine (XIVa) and 1- [3-(4-{ 5,6,7,8- 
t'etrahydro-4 - [ (3-piperidinopropyl) amino] -1- naphthyl- 

(12)  Purchased from Kaplop LaboratorieP, Detroit, hIich. 
(13) Prontosill.  I'or an liistoriral summary, SPP A. Hiirger,  "Medicinal 

Chemistry," 2nd ed, Interscience Publishers, Inc., Piew l-ork. N. Y., 1YG0, 

(14) E. F. Llslager, I). 13. Capps, L. bl. WerLel, D. F. Wor th ,  J .  E. Meiaen- 
pp 800-801. 

helder, and P. E. Thonipson, J .  N e d .  Chem., 7 ,  487 (1964). 



:tzo 1 -2,:2-~ylicliiio)propyl]piperidirie (XITTb) was :~lso 
iiiitintctl, sirice reductivc scission would yield IX niitl 
rcbted cliurnines exclusively. Compounds XIYa and t )  
\vcrc prepared according to the scheme out lincd in C1i:wt 
1. Acylation of 14 \yith trifluoroacetic anhydride i i i  

tliiiiethylfornianiidc gave ",","-trifluoro-S-(:~-~)i~)~~ri- 
dinopropyl j-S- (S,G,7,S-tetrahydro-~-pIieiiyIazo-l-n~tpli- 
I 1iyl)xetamitie hydrochloride (XI) in SSG/;: yield. Hy- 
tlrogenation of XI  utilizing 12uney iiiclcrl iii nicthmol 
g ive  S- (l-:tmiiio-3.ti,7,S-t et r : ~  hydro-1 -iiiLpht liy1)-2*2,2- 
ti~ifluoro-S-(~2-~,ipt.ridinopropyl)acct~iinitlc I~ytlrochlo- 

N 
N 

I 1  

XIlIa, X. X = -(CH.),- XIVa, X,X = -(CHL),- 
b.X.X=(CH,), h X, X = (CH,). 

ritlv (X11) (.j27c), which \ diazotized and coupled 
with 1 - { 3- [ (3,G, '7,s- tetrahytlro- 1 -naphthyl) amino]- 
propyl 1 piperidine (101) or 1- [:~-(L',B-xylidiriojpropyl]- 
piperidiiie (98) to give the intermediate 2,2,2-tri- 
fluoroacetarnides XI& and b. The latter compound- 
\\ ere hydrolyzed directly to XITra and h \\-ithout 

111 orclcr to study the iriflueiice of quitternizatioii 
o n  aiitituhcrculosis activity, two representative yuatcr- 
~inry salts of 1- [ 3- [ (j,G,i,b-tetrahydro-4-pheriylazo- 
1-riaphthy1)amirio ]propyl 1 piperidine (14) were prc- 
p:u*ed, namely 1,l'-decaniethylenebis{ 1- [3-(5,6,7,h- 
t ctr:iliydro-4- p h e ny 1 azo - 1 -1iaphthylaniino j p r o  py 11- 
~)iperidiitiuiii bromide 1 (XI') :irtd 1-niethyl-1- [3-(3,6,7,\- 

purifics 't t lo l l .  ' 

s \' 

iiietIiox-y-3,(i,'i,b-t etrahydro-1-naphthyl) aniirio ]propyl 1 - 
piperidine liydrochlorides (XYIIa arid b) were pre- 
pared by allcylatiori of 4-chloro- and -l-metlioxy-S,(i,7,S- 
tctraliydro-1-ii:LphthSlaminc with 1-(3-chloropropy1)- 
1)iperitlinc. 

Biological Section 
Antituberculosis Studies.--The K-mono- arid S,S-  

tlinIliyl-S'-[4-nzo(j,6,7,8-tetrahydro-l-riaphthyl- : L i d  

-2,:3-xylyl) ]alkylenediamines (Tables 1-7') :uid coni- 
pounds 111-XVIIa,b were tested against the human 
virulent H ~ ~ K v  strain of JI .  tuberculosis it( uih o 
wid in mice. Inasmuch a s  details of these test pro- 
cedures have been tlebcribed elsewhere. '' only the 
main features will be reviewed here.. 

Irr v z f i  o \tudieh against) JI. luberculosis H3iHv were 
cwiiducted 111 :t defined containing 109; 
(v, bovinch sciiiin. Aliiiirnuin total inhibition cow 
(witrations 11 eie estimated by visual irispectiori :tftcr 
incub:ttion for 7 day3 at 37".  Activity was based o i i  

thc minimum inhibitory coticentr:Aori (XIC) of drug 
t h t  c:iiibe(l total inhibition, and potency rating. 

I J7, T'11) were nhsigried to  indicate tlir. 
:ipproximatc level o f  growth inhibitiori within thc. 
following coiicentration ranges (pgiml) : + + + +. 
<0.01; + + + , O O l - 0 . 1 ;  ++, 0.1-1.0; +, 1.0-10.0; 

Tlie rciercncc drug, isoniazid, c:~uses co~n- 
plctch inlii bit ion :it :ipproxiniatc~ly 0.02 pg/ml :ii id i h  

tlirrclorc t~\<igiwil ;I r;itiiig of + + +. 
, > 10.0. 
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Evaluation of the drugs in vivo was carried out in 
CF-1 male mice initially weighing 12-14 g. The mice 
were challenged intravenously with approximately 
0.1 mg wet weight of AI. tuberculosis H37Rv, subdivided 
randomly into treatment and control groups of ten 
animals, and placed on drug-diet the same day. Drugs 
were administered in a powdered diet for 7 or 14 days, 
and drug ingestion was determined by weighing un- 
used and spilled food. Death and survival data was 
computed following observation periods ranging up to 
120 days. Groups of untreated mice, and mice given 
p-aminosalicylic acid (PAS) a t  a diet level of 0.5% 
for 7 days or 0.75% for 14 days, were included in each 
experiment as controls. Assessment of in vivo activity 
was based on the magnitude of the difference (AST50) 
between the median survival time (ST) of treated and 
untreated groups of mice. 

Antituberculosis activity in vitro is widespread among 
the IS-mono- and N,N-dialkyl-N'- [4-azo (5,6,7,S-tetra- 
hydro-1-naphthyl- and -2,3-xylyl) Ialkylenediamines 
(Tables I-V), and 28 compounds exhibited a similar 
order of potency as isoniazid. However, activity in 
mice is relatively specific, and strong effects were ob- 
served only among the 1-(3- { [5,6,7,8-tetrahydro-4- 
(phenylazo)-1-naphthyllamino ] propy1)piperidines (I) 
and 1- (3- { [5,6,7 ,S- t etrahydro-4- (3-pyridylazo) - 1 -naph- 
thyllamino ] propy1)piperidines (11). Five of the more 
promising compounds (3, 6, 14, 24, 53) were selected 
for expanded in vivo studies. A comparison of the 
relative effectiveness of these compounds, p-amino- 
salicylic acid (PAS), and isoniazid ( ISH)  against 
-11. tuberculosis H37Rv in mice is set forth in TableVIII. 

Antileprosy Studies.-In view of the interesting 
activity of 3, 6, 14, 24, and 53 against A f .  tuberculosis 

TABLE VIII 
EFFECTS O F  1-(3-{ [5,6,7,8-TETRAHYDRO-4-(PHENYLAZO- A N D  

-3-PYRIDYLAZO)-l-N 4PHTHYLI A M I N O  ]PROPYL)PIPERIDINES 

AGAINST Mpobacterium tiiberculosis H37Rv IN MICE 
--Drug------. Mice median 

mg/kg survival time, 

N O .  Compound diet 14 days STso ASTso" 
% in daily, --days- 

3 1 , R  = II;X = 4-Br 0 01 11 38 27 
0.005 5 19 8 
0 .  ow25 3 11 0 

6 I, R H ; X  = 4-C1 0.02 16 78 67 
0.01 9 42 31 
0.00; 5 33 22 
0,0025 2 11 0 

14 I, R = H ;  X = I1 0.04 41 50 39 
0.02 25 37 26 
0.01 11 13 2 

24 I, It = H ; X  4-OCH3 0.04 42 50 39 
0.02 24 26 15 
0.01 8 13 2 
0.005 4 11 0 

53 11, Y = OCHs 0.02 24 46 35 
0.01 12 31 20 
0.005 5 13 2 
0.0025 3 10 0 

p-Aminosalicylic acid (PAS) 0.75 850 25 12 

0 0026 4 26 13 
0.0013 2 17 4 

Isoniazid (1") 0.004 6 52 39 

a Median survival time for untreated control animals ranged 
from 11 to 13 days. ASTso ieplesents the ditrerence between the 
median survival time of treated and Untreated mice. 

in mice (Table VIII), the drugs were supplied to Dr. Y. 
T. Chang of the Xational Institutes of Health for 
evaluation against murine lepro~y.~?  l8 Female Swiss 
albino mice weighing 16-20 g were used in groups of 
20, and the groups were caged separately. Each mouse 
was inoculated intraperitoneally with 0.5 ml of a 
1:30 suspension in normal saline of the omenta and 
pelvic fatty pads from mice which had been infected 
4-5 months previously with the Hawaiian strain of 
Mycobacterium lepraemurium.  The drugs were ad- 
ministered continuously by drug-diet, and treatment 
commenced on the day after inoculation. In  most 
experiments, mice mere killed at  the end of 3 months. 
I n  a single long-term experiment, designed to observe 
the survival time, the animals were continuously treated 
with drugs until the time of death. 

Autopsy was performed on all animals killed at the 
end of 3 months and on those which died during the 
observation period of the long-term experiments. 
The average weight of the omenta and pelvic fatty 
pads and a "leprosy index," which is an average evalu- 
ation of the gross lesions in various sites and organs, 
served as the basis for evaluating chemotherapeutic 
activity. l8 It was concluded that compounds 6, 
14, 24, and 53 showed definite suppressive activity 
in murine leprosy when administered in dose levels 
ranging from 0.00625 to 0.025% in the diet.5 

Toxicological Studies.-Results of preliminary toxi- 
cological studieslg with 1- { 3- [4-(p-chlorophenylazo)- 
5,6,7,8- tetrahydro -1-naphthylamino ]propyl ] piperidine 
(6) indicate that the acute oral toxicity of the com- 
pound is relatively low; acute single dose LDx values 
in rats and mice are 1122 i S3 and 302 A 31 mg/kg, 
respectively. However, chronic administration of the 
drug to rats in daily doses as low as 5 mg/kg for 28 
days induces clinical and pathological findings, in- 
cluding cutaneous discoloration, food intake and weight 
gain depression, and pulmonary lesions, which are not 
readily reversed after an equal period of drug with- 
drawal. The relative toxicological properties of other 
active members of the series have not yet been as- 
sessed. 

Experimental Sectionz0 
N-Mono- and N,N-Dialkyl-N'-[4-azo(5,6,7,8-tetrahydro-l- 

naphthyl- and -2,3-xylyl)] alkylenediamines (Tables I-V). Pro- 
cedure 1.-A solution of 107 g (1.55 moles) of NaNOz in 1.5 1. of 
HzO was added a t  0" with stirring to a solution of 144 g (1.35 
moles) of aniline in a mixture of 450 ml of concentrated HCI and 
1.5 1. of H2O. When diazotization was complete, the diazonium 
salt solution was added a t  0' with stirring to a solution of 422 g 
(1.55 moles) of 1-{3-[(5,6,7,8-tetrahydro-l-naphthyl)amino]- 
propy1)piperidine (101) in a mixture of 750 ml of concentrated 
HC1 and 8 1. of 50yo aqueous EtOH. The deep reddish brown 
mixture was stirred for 3 hr a t  0-5" and then allowed to warm to 
room temperature overnight. Excess aqueous NaOH was added 
and the orange-red precipitate that  separated was collected by 
filtration, washed with H20,  and dried. CrystalliLation from 
MezCO gave 487 g (83%) of 1-[ 3-[(5,6,7,8-tetrahydro-%-phenyl- 
azo-1-naphthyl)amino] propy1)piperidine (14) as orange-red crys- 
tals, mp 115-116". 

(18) Y. T. Chang Intern. J .  L e p r o s y ,  21, 47 (1953). 
(19) D. H. Kaump, R. W. Bucklin. R. A, Fisken, J. E. Fitzgerald. J.  A. 

Lucas, T. F. Reutner, J .  L. Schardein, and 0. J. Sorenson, Jr., unpublished 
data  in the files of Parke, Davis and Co., Ann Arbor, Zfich. 
(20) Melting points (corrected) were taken in open capillary tubes in a 

Thomas-Hoover melting point apparatus. Water determinations were 
made by the Karl Fischer method. Where analyses are indicated only by 
symbols of the elements, analytical results obtained for those elements were 
within +0.4'X0 of the theoretical values. 





sively from 450 ml of i-PrOH and 300 ml of MeOH. The pale 
yellow solid weighed 22.0 g (52%), mp 255-257". Anal. (C20H28- 

1,l'- [Azobis( 5,6,7,8-tetrahydro-l,4-naphthyleneiminotrimethyl- 
ene)]dipiperidine (XIVa).--A solution of 11.0 g (0.026 mole) of 
XI1 in 300 ml of H20  containing 8 ml of concentrated HC1 was 
diazotized at 0" with 26 ml of 1 '\- NaXO2. The diazonium solu- 
tion was added at, 0-5' to a cold solution of 7.1 g (0.026 mole) 
( i f  1- { 3 - [ (  5,6,7,8-tetrahydro-l-naphthyl)amino] propyl] piperidine 
(101) in  100 nil of EtOH, 200 ml of H20, and 12.5 ml of concen- 
trated HC1. The purple solution was stirred overnight and made 
alkaline with NH40H, and the sticky product was washed with 
H,O. The crude amide XIIIa  was dissolved in 500 ml of AlesCO- 
lIeOH, 20 ml of 2 S methanolic NaOH was added, and the mix- 
ture was stirred overnight,. The solid was collected by filtration, 
dried, aiid cryst,allized from CHC1, to give 7.5 g (51% over-all) 
of red needles, nip 233-237". Anal. (C8&4N6) c, H, s. 

1- [3-(4-{5,6,7,8-Tetrahydro-4-[(3-piperidinopropyl)aminoj -1- 
naphthylazo J -2,3-xylidino j propyl] piperidine (XIVb).--N-(4- 
,4112 ino-3j 6,7,8-t et rahydro- l-naphthyl)-2,2,2-trifluoro-N-( 3-piperi- 
diiioplopyl)ac.etamide hydrochloride (XI1 j (28.1 g, 0.067 mole) 
was coupled with 1-[3-(2,3-xylidino)propyl]piperidine (98) ( 16.5 
g, 0.067 mole) using the procedure described for XIVa. The 
crude amide ( S I I I b )  x a s  hydrolyzed without purification and 
the product was crystallized from CHCla-petroleum ether (bp 
30-60") to give orange cryst,als, mp 199.5-201°, yield 18.0 g 
(4gf% over-all). Anal. (C31HjlN6) C, H, N. 

1 , l  '-Decamethylenebis { 1- [3-( 5,6,7,8-tetrahydro-4-phenylazo- 
1 -naphthylamine )propyl] piperidinium Bromide (XV).-A solu- 
tion of 10.0 g (0.027 mole) of 1-( 3-[(5,6,7,8-t,etrahydro-4-phenyl- 
azo-1-naphthy1)aminojpropyl)piperidine (14) and 3.9 g (0.013 
mole) of l,l0-dibromodecane in 150 ml of LIeCN was heated 
tinder reflux for 74 hr. 1\Ie2C0 was 
added to iiidure further precipitation and the solid was removed 
by filtration. The critde quaternary salt was tritrirated with 
boiling l Ie2C0,  filtered, and dried to give 7.5 g (537,) of an 
orange-red solid, mp 209-213" Anal. (C55H84Br2N8) H, S, Br; 
C: calcd, 66.14; found, 65.67. 

1-Methyl-1- [3-( 5,6,7,8-tetrahydro-4-phenylazo-l-naphthyI- 
amino)propyl] piperidinium Iodide (XVI j.-A mixture of 10.0 g 
(0 .027 mole) of 1-{ 3-[( 3,6,7,8-tetrahydro-4-phenylazo-l-naph- 

F3XaO.HCl) C, H, N, C1. 

Some solid had formed. 

t,hyl)amino]propyl) piperidine (14) and 30 xnl of Me1 was stirred 
briefly. Solution began followed by an exothermic reaction and 
precipit,ation of an orange solid. The reaction mixture was 
warmed on a st,eam bath for 15 min, and the product was collected 
by filtration and recrystallized from 1.2 1. of EtOH. The orange 
needles thus obtained weighed 11.3 g (82%), mp 210-212". 

1- ( 3- [(4-Chloro-5,6,7,8-tetrahydro-l-naphthyl)amino] propyl) - 
piperidine Hydrochloride (XVIIa).-To a solution of 41.6 g 
(0.229 mole) of 4-chloro-5,6,7,8-tetrahydro-l-naphthylamine i i i  

1 1. of dry toluene was added 50.0 g (0.25 mole) of 1-(3-chloro- 
propyljpiperidine hydrochloride and 64 g of anhydrous KXOB, 
and the mixture was heated under reflux with stirring for 24 hr. 
Excess aqueous Ka0H m-as added and the mixture Ras stirred 
for 2 hr. The toluene layer was separated and dried (K2C0,), 
aiid volatile materials were removed in vacuo. The product was 
purified w the HC1 salt,, off-white crysals from i-PrOH, mp 204- 
207", yield 18.5 g (2456). Anal. (C18H27ClN,.HCl) C, H, N. 

1 - { 3- [( 5,6,7,8-Tetrahydro-4-methoxy-l-naphthyl )amino] pro- 
pyl} piperidine Hydrochloride (XVIIb ).-Alkylat,ion of 4-methoxy- 
5,6,7,8-tetrahydro-l-naphthylamine (50.0 g, 0.283 mole) with 
1-( 3-chloropropy1)piperidine hydrochloride (j6.0 g, 0.283 mole) 
according to the procedure described for the preparat,ion of 
S V I I a  gave 45.8 g (48%) of the desired product as off-white 
cryst,als from EtOH, mp 208-211". Anal. (ClsHd2O.HCl)  
C, H, X. 

-4naZ. (C2&?;41) C, H, N. 
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A series of 'L-hydroxy-3-alkyl-1,4-naphthoquinolles has been synthesized; the compounds have been screelied its 
potential coccidiostats. Six of the new qliinones have activity against, Eimeria brunetti infections in chickens 
with 0.0125% of compotind iri the feed. The alkyl groups imparting greatest activity are 3-(4-cycloperityl- 
phenyl )propyl, 3-(4-cgcloheptylpher~yl)propyI~ 3- [4-(3-pentyloxy)phenyl] propyl, and 3-[4-(4-heptyloxy)phe11yl] - 
propyl. In  a series of quinones having 3-(4-alkoxyphenyl)propyl side chains, the activity increases with in- 
creasing lipophilicity of t,he alkoxy group. This parallels t'he effect first observed by Fieser, et al., for the anti- 
malarial activity of 2-hydroxy-3-alkyl-l,4-naphthoq~tinones. 

The 2-hydroxy-3-alkyl-lJ4-naphthoquinones have 
been extensively studied by Fieser and his c o ~ o r k e r s ~ ~ ~  
:is potential antimalarials. In 1960 a number of hy- 
droxyquinones selected from Fieser's extensive col- 
lcct'ion (Table I) were screened by l lerck Sharp arid 
Dohme as potential coc~idiostats.~ Several of the 

(1) This work mas supported by a predoctoral fellowship from the U. S. 
Public Service, Division of General LIedicinal Sciences, during the period 
1061-1963. 

(2) Arthur D. Little, Inc., .icorn Park, Cambridge. lfrtss. 02140. 
(3) L. 17. Fieser, et  & I . ,  J .  A m .  Chem. S o c . ,  70,  3151-3244 (1948). 
(4) (a) L. F. Fieser, J .  P .  Shirmer, S. Archer, R .  L. Lorenz, and P. I .  

Pfaffenlmch. J .  .lied. ChenL., 10, 513 (1067): (b) L. 17. liieser, M. Z. Naaer, 
Y. Archer, D. A.  Berbarian, and R. G. Sligliter, ibid. ,  10, 517 (1967). 

( 5 )  The selection of most of the compounds in Table I was made by E .  I. 
ltoirers, l lerck Slittri) and I h h i n e .  
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compounds, especially la-c, showed a significant level 
of coccidiostat activity in chickeris infected with 


