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A variety of N-mono- and N,N-dialkyl-N’-[4-az0(5,6,7,8-tetrahydro-1-naphthyl- and -2,3-xylyl)lalkylenedi-
amines were synthesized by (1) coupling a diazotized aromatic or heterocyclic amine with the requisite N,N-di-
alkyl-N’-(5,6,7,8-tetrahydro-1-naphthyl- or -2,3-xylyl)alkylenediamine, (2) condensation of N-{3-bromopropyl)-
5,6,7,8-tetrahydro-4-phenylazo-1-naphthylamine with the appropriate amine, and (3) alkaline hydrolysis of the

corresponding N-(aminoalkyl)-2,2,2-triflnoro-N-(5,6,7,8-tetrahydro-4-azo-1-naphthyl)acetamides.

Potent in

nilro antitnbercnlosis activity among the N-mono- and N,N-dialkyl-N’-[4-az0(5,6,7,8-tetrahydro-1-naphthyl-
and -2,3-xylyl)lalkylenediamines is widespread, and 28 compounds exhibited a similar order of potency as isoni-
azsid, However, activity against Mycobacterium tuberculosis HuRv in mice is relatively specific, and strong effects
were observed only among the 1-(3-{ [5,6,7,8-tetrahydro-4-(phenylazo)-1-naphthyllamino }propyl)piperidines (I)
and 1-(3-{ [5,6,7,8-tetrahydro-4-(3-pyridylazo)-1-naphthyllamino } propyl)piperidines (II). Four representative
compounds among the latter types also showed definite suppressive antileprotic activity against M. lepraemurium

in mice.

Among acid-fast bacilli, the tubercle bacillus Myco-
bactertum tuberculosis and M. leprae, the bacillus of
human leprosy, have major medical significance,
Tuberculosis is now generally regarded to be one of
the most important specific communicable diseases in
the world, and there are millions of new cases each
yvear.’? 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
years.»* 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
continues,®

The synthesis of various 4-amino-1-naphthylazo
schistosomicides was reported in previous communica-
tions from these laboratories.S—? Several representa-
tive N,N-dialkyl-N’-(5,6,7,8-tetrahydro-4-azo-1-naph-
thyl)alkylenediamines were also prepared. While none
of these possessed significant antischistosome proper-
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(6) E. F. Elslager, D. B. Capps, L. M. Werbel, D. F. Worth, J. E, Meisen~
helder, H. Najarian, and P. E. Thompson, J. Med. Chem., 6, 217 (1963).

(7) E. T. Elslager and D. F. Worth, ibid., 6, 444 (1963).

(8) E. F. Elslager, D. B. Capps, D. H. Kurtz, L. M. Werbel, and D. F.
Worth, ibid., 6, 646 (1963).
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Structure-activity relationships are discussed.
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ties, several compounds unexpectedly exhibited re-
markable activity against Mycobacterium tuberculosis,
strain HyRv, 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-{[5,6,7,8-tetrahydro-4-(phenyl-
azo)-1-naphthyl Jamino }propyl)piperidines  (I) and
1-(3-{ [5,6,7 8-tetrahydro-4-(3-pyridylazo)-1-naphthyl]-
amino }propyl)piperidines (II). These compounds ex-
hibit potent antituberculosis activity against M.
tuberculosis Hy;Rv 1n vitro and in mice, and show defi-
nite suppressive antileprotic activity against M.

NH(CH,);N \> NH(CH,);N >
R
e
~a, Q

I I
lepraemurium in mice.® 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.
In formula II, 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-dialkyl-
N’-[4-az0(5,6,7,8-tetrahydro-1-naphthyl- and -2,3-

N=—=
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NH(CH.).N )

N
¥
Yield Purifi- MICY vs. M,
purified, ration® tuberculosie
No. X, Y AMp. °C o a{venl Forinaw™® xRy
1 2,5-Cls 154-150 28 15 ColTyCLN, o
- 3,7-C 160-161 e 1 CaullpCLN, +
3 4-Br 175-175 =4 J [GMIPREIA SRR
4 2.1 137130 W 1 Cagl 15, CIN, b
B 3-Cl 111-113 04 IT CoslHuCIN, + 4+
8 1-Cl 156--158 h{§) I Cogl15CIN, 4 4
n a2.F 128—12() Tl 1 (:'24T131FN4 ‘{“ + +
N 3-I" 104-106 Bt (1 CosHy FN, -
9 4.T0 114-115 ${Y] A Coglly FN, RN
10 3-1 101-103 Gl I Cud TnIN, RS
Il 4-1 188-180 40 () CagHa IN, -+
12 3-NO, 161-162.5 7l H CogHyn N Q> 4+
3 4-NO. 208-200.5 68 Q Cagl Ty N O, +-
) 3-0H 233 dec 15 I CagtTa N, O - 1 Cle R,
16 3,6-(OH), 141 dec 21 N Caal T N300 T, 04 -
7 480,11 277 dec s2 X Cal1aNL08 0, 531,077
IS 3-CFy 107-108 IS} I+ CasI T 3N, 44+
19 4-CF» 189--190 a4 A Cis Ty TN, +-
20 2-CH,, 3-Cl 1390-141 02 S ColTCIN, 4 4
21 4-CH; 146-148 28 A Casl N, R
22 2-0CH; 125-127 49 I CasIT3N O e
u3 S-OCIIS 125-126 S I (‘25‘[154‘.\'4() 4 4 -
24 4-0CH; 128.5-130.5 T B Cus 4 NLO e
25 3-SCII; 109.5-113 ) 1g CasH N S e R
26 4-SCH; 169-171 KN I, CasHya NS +ob
27 3-COCH; 140-141 o A Cusl 3N O + 4+
28 4-COCH; 193-194 b L CausHyN O ok
20) 4-CyH; 158--160 (] C CaglT4 Ny 444
30 3,4-(ClTy)e [41--142 Su) 13 CasFle N, bt
a1 3,5-(CHj), 137-143 20 1) Casl TNyt -
32 4-0C.H; 129151 2 E (53N O™ 4+
33 3-CHOHCH; 96-101 71 I (g 3N 4O - C3TT,011 4 +
34 2,5-{OCHs)e 116-118 50 15 Caa3eN 4O +
45 4+-CH=CHCOOH 256 dec 67 L Cor HaaNOn -
56 4-CO0CyH, 144-146 S0 I CaHagN (Os S+
i 4-CH{CHj;). 139-141 2(0) 1 CurHigeNy + 4
3R 3,4,5(OCHj), 125126 ™ W Cortl N4 O3 R
39 2,3-(CHa), 165--167 b 1 CosTTas N, -4-
40) 2.C(CH,); 147-149 A% A Cag TN, -+
41 4-C(CH3)3 138-141 ) 1) 02311401\.4" + —;L
42 4-OCH.CH(CHa), 136-137 28 15 CasH N O 4-
43 4-S0.N(C.Hj;). 145-146 a7 A CasHaN;O0% 4
44 4-(2-Pyridyl) 176-179 83 I CooHlasN, ;
45 3-CILN(CHa,)s, 4-0T1 193 dec 51 M CaolTaNO -5 HCL 2110 ot
44 4-OCQH4-17-CI 133-134 44 A C‘30I135C1N40 -
47 4-CH(CHa,)s 165-167 43 I CaHeN,
N
48 PEON "HQ' . 224-225 &2 R ClgoIT5aN;0,80
CH;
49 4-O(CHy)oN(CeHs)o 46-99 68 N CaH N0 4

« Compounds prepared by conpling the appropriate benzenediazonium salt® with 1-{ 3-[(5,6,7,8-tetraliydro-1-naphthyl Jamino] propyl {-
piperidine (101, Table VI) (procedures I and II.) ? A, ethanol: B, 2-propanol-water; C, 2-propanol-chloroform; D, ethanol-water;
I, 2-propanol; I, ethyl acetate; G, acetonitrile-water; H, acetone: I, acetonitrile~-Methyl Cellosolve; J, chloroform-petrolenm ether
(bp 30-60°); K, methanol-ether; L, dimethylformamide; M, ethanol-ether; N, methanol; O, cliloroform; P, 2-propanol-Methyl Cello-
solve-water; Q, acetonitrile; R, dimethylformamide-water; 8, 2-propanol-ethyl acetate; T, 2-propanol-ether; U, ethanol-2-propanol;
V, methanol-2-propanol; W, 2,2,4-trimethylpentane; X, reprecipitated from aqueous sodinm hydroxide with acetic acid. ¢ Cl: caled’
8.27; found, 8.31. ¢ H,O: caled, 0.49; found, 0.47. ¢ H,O: caled, 5.80; found, 5.78. /T,0: caled, 1.30; found, 1.47. ¢ I'n witro
activity against Mycobacterium tuberculosis Hyu Rv was evaluated in a defined medium! containing 10% (v/v) bovine serum.’®  Activity
is based on the minimum drug concentration (ug/ml) causing total inhibition, and potency ratings are assigned within the following con-
centration ranges (pg/ml): ++++, <0.01; +++, 0.01-0.1; ++, 0.1-1.0; +, 1.0-10.0; —, >10.0. The reference drug, isoniazid,
gives complete inhibition at 0.02 ug/ml, a rating of ++4. *II: caled, 7.41; found, 6.95. * C: caled, 70.04;found, 69.48. 7 (C:
caled, 62.31; found, 62.89. * C: caled, 71.05; found, 71.65. ¢ (: caled, 77.18; found, 77.60. = C: caled, 74.25; fonnd, 73.83.  » N:
ealed, 12.95; found, 12.39. ° N: caled, 17.46; found, 16.98.  » All componnds were analyzed for CT1, N
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TasLe 11
1-{3-[(5,6,7,S-TE'I‘IL\HYDRO-4-HE‘]‘EROCYCLIC ;\ZO-I-—NAPHTHYL)A\MlNUlPROPYL}PIPERIDINES"
NH(CH.),N >
N=N—Het
MIC rab 0.
Yield Purification® tuberculosis
No. Heterocyele Mp, °C purified, % solvent Formula® HyRv
50 2-Thiazolyl 144-146 31 D Co1HygN:S + 4+
51 2.4-—Dihydroxy—-.')-—pyrimidi11yl 185 dec 33 R ngHaoNaOg 0, 5H20c ol
52 3-Pyridyl 117-119 58 B CuHaNs +++
53 6-1\18 thoxy-—3-—py1'idyl 129-131 64 E CQ4H33N50 + + +
54 2,1,3-Benzothiadiazol-4-yl 158-159 12 Q CoHy NS4 +
55 3-Quinolyl 185-188 75 P CoHyN; +
56 6-Butoxy-3-pyridyl 123-124 45 E CqyH39N;0 +

@ Compounds prepared by conpling a diazotized® heterocyelic amine with 1-{ 3-[(5,6,7,8-tetrahydro-1-naphthyl)amino]propyl} piperi-

dine (101, Table VI) (procedures I and II). ? See footnotes b and g, Table I. ¢ H,O: caled, 2.15; found, 2.55. ¢ H: caled, 6.96;
found, 6.48. ¢ See Table I, footuote p.
TasrLe 111
SUBSTITUTED 1-{ 3-[(5,6,7,8-TETRAHYDRO-4-PHEN YLAZO-1-NAPHTHYL)AMINO] PROPYL }PIPERIDINES“
2 3 R
NH(CH.»S@
6 5

e

Yield Purification® MIC vt M.
No R Mp, °C purified, % golvent Formula? tuberculosts HuRv
57 3-OH 195.5-196.5 dec 20 U Co HapeNyO-2HCle + 4
58 3-CH, 101-102 44 E CysHauN, +++
39 4-CH, 114-118 56 E CesHaNy +++
60 4,4-0(CH,),0 136-138 84 E CaeeH3NLO -
61 2-C.H; 70.5-72.5 49 E CaeHssN +++
62 2-CH.CH,OH 149 dec 61 A Ca26H3N4O-2HCI 1.5H0¢ ++
63 4-CH,CH,OH 152 dec 65 M CesH3sN,O - 2HCI +
64 3-CHOHCH; 171 dec 32 v CesH3eN,O - 2HCI- H, 04 +
60 4-CHOHCH;, 128.5-131 69 E CasH3eN O +
66 Q"CHa, 5"CQH5 198—199 5 22 E Cz7H3§N4'HBI‘ ++
67 4,4-(CH,); 158-160 24 C CaoHyoNy +
68 4-N(CH,)s 130-132 55 C CyoHyNg +
69 4-(CH;).N({CH,)s 136.5-138 34 E CaHy Ny +
70 4-(CH;);CH; 79-81 69 B CaHyNy -

« Compounds prepared by amination of N-(3-bromopropyl)-5,6,7,8-tetrahydro-4-phenylazo-l-naphthylamine (VII) with the appro-

priate piperidine derivative (procedure IV),
found, 3.53. ¢C: caled, 61.93; found, 61.41.

xylyl)Jalkylenediamines described in Tables I-V, the
1-{3-[(5,6,7,8-tetrahydro-4-phenylazo-1-naphthyl) -
amino Jpropyl}piperidines (Table I), 1-{3-[(5,6,7,S-
tetrahydro-4-heterocyelic azo-1-naphthyl)amino]-
propyl} piperidines (Table 1I), N,N-dialkyl-N’-(4-azo-
2,3-xylyl)alkylenediamines (Table V), and various
other N-mono- and N,N-dialkyl-N’-(5,6,7,8-tetrahydro-
4-phenylazo-1-naphthyl)alkylenediamines (Table IV)

NH(CH,);N, > NH(CH,);N >

CH;
2HCl
Lo
m @

v

b See footnotes b and g, Table 1.
7 H: caled, 9.30; found, 8.86.

¢ HyO: caled, 5.19; found, 4.90.
7 See Table I, footnote p.

¢ HyO: caled, 3.52;

NH(CH,),N(C.Hj;), NH(CH,),N >
Cl -2HCI
Lo =0
v VI

were prepared by coupling a diazotized aromatic or
heterocyclic amine with the appropriate N,N-dialkyl-
N’-(5,8,7,8-tetrahydro-1-naphthyl- or -2,3-xylyl)alkyl-
enediamine (Table VI) in an acidic media (procedures
I-II1)7-° Similarly, 1-{3-[(5,6,7,8-tetrahydro-2-meth-
yl-4-phenylazo-1-naphthylyamino Jpropyl}piperidine di-
hydrochloride (III), 1-(3-{[5,6,7,8-tetrahydro-4-
(1-naphthylazo) - 1-naphthyl] amino } propyl) piperidine
(IV), and N’-[3-chloro-4-(phenylazo)phenyl]-N,N-di-
ethylethylenediamine (V) were prepared by coupling
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TapLe IV
Orber NoMoNo- AND NN-DLALKYL=N “00,0, 7, 8-IE T8 ALY DRO-4=PRENYLAZO- =N APIITDY L) ALKY LENE DLV MIN S

NH—Y—NR,R,

Yiehl NI va 1]
puridied, Veoee- Yucilicariya® taberesdosis
No. X =Y =-NR1R: Mp, “C i sbire sulvend Foraala? arRv
7L 1T CH{(CHa)ulNCH; 13R.5-140 71 1 A Caallas Ny +-
2 I (CIL),N(CeH5). 90-101 22 1 A CaaHpaNy +
! ‘l-'Hz\dN\/] H0E.5H-102.5 71 v | Cal Ny 4
74 11 (CIL)sN(CHz). HIG-107 46 1V 1 ( o+ -
T 11 (CIL)LN(CIL), FEEOH-115.0 69 1 I Clay + -+
6 H o (ClL):N[(Cllyp).0 120-121.5 7 v I CallpN.O +
77 11 (CHa)NHCHGILCIHLOLL 119-120.5 74 v D Col [N O +
CH
ol CH,CH3-<:> 174-175 dee 91 1 M Cod LNy 211CL T 4kt
70 11 (CH)ZN[(CIy)laNCll I41-142 o4 IR I CaellgyNs +
CH
S0 11 sCHaN 1780 dee 46 v T Co Ny 211 fe
CH,
S (CHapaN(Cla)es ING . O-187 206 v \Y Coplly Ny 21 CH 0.5 CH R CHOT 4 =
{2 Cl CHCHY CHL)N(Cal 1), IR dee 42 [ T CalTaCING - Cal 1Oy L
] \/_\\'('” | 1 1 1 M NS HCH 21
NN Lt \J Gy .0 dee (54 v A Co NGB HCEH 2.0
w4 11 CHOUHSCHNAH ), 1271285 72 1 A CaellaeNy
850 11w \© 95.5-9) S v I Caal e Ny +
s 11 CHLNCHCH(CH g 176-177 23 v I CalagNg-2HCL-0, 75,00 + ot
WH ) N e
> -
ST > 121123 52 v 3 Gasl1is N, ++
L

-('11;\'/_\ - - . . N \ .
A S Z S (175 HH) Bl 1\ I Cagl Ny 4kt

» Ree Tootnotes b and g, Tnble I * 11,00 caled, 5.85; foand, 3.74, « Cl: ealed, 14.57; (omd, 1414, Movooxalate sali, < 1
enled, 6.54; fonnd, 6.21. 7 Cl: ealed, 1951 found, 1806, 7 HLO: caled, 2.69; fonnd, 2,66, * Cl: ealed, 14.10; Tonnd, 15.06. 7 11
ended, 7.015 forud, S35, ¢ See Table I, fuotuote p.

Tavuy V

NON=DIALKYL=N 0 42402, 3=X Y)Y L)ALR Y LEN EDEYMIN R?

NH—Y—NR;R,

CH, (_)
CH
N=N—Z
Yield AIC s 01
purified, I'uritication? tuheyculna s
Now ~Y=NIRuRR: VA Mp, °C VA selvenl Foratala? MR
NG (ClL)eN(Calls), Phienyl 184-186 T 15 Oy TNy HHCI -+
90 (CHg)sN(CHa s 3-Pyridyl 20122033 36 H Cur T3 N -HCH -
! (CH,):N(CHz)s p-Chloroplieigl 218.5-219.5 50 11 Cas ey CING-HCl? + 4+
92 (CH,)N(CH;);  Phenyl 95-07 50 I CosFl0 N + 4+
03 (CH; ) N(CH,)s p-Methoxyplienyl 12:3-124 % 11 Cyullp N O 24
04 (CH.)N(CHys  3.4-Nylyl 165.5-166. 1 4% ¢ CaTlaiN, b
05 (CHosN(CHL)  m=(1-Hydroxyethyl)phenyl 219220 7l A (o NLO - HC !

« Compounds prepared by coupling a dinzotized®® avowmatic o heteroeyelie amine with the appropriate N, N-dialkyl-N"-12,5-xylv1 -
alkylenediamine (Table VI) (procednres I, 1IT). # Seefootnotesbundg, Table I« Cli o enled, 0.82; Tound, .72, Cli caled, 9.4
tond, 9.29. ¢ Cl=: caled, 8.41; fonud, 8.70. /7 Cl: ealed, 825 Tound, 8.59. ¢ N: - ealed, €300 Tonnd, 12,57, # See Table I, footiore

}’v
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TasLe VI
N,N-DIALKYL-N"<(5,6,7,8-TETRAHY DRO-1-NAPHTHYL- AND ~2,3-XYLYL)ALKYLENEDIAMINEs®
NH—Y~—NR,R;
X
X
Yield
purified,

No, N, X Z —Y=NIRiRa Bp, °C (uun) % Procedure” Formulad

06 (CH,), 0 (CH2)N(C,H;)e 170-171(20) 4 11 CrHuN,

97 (CHs)s H CNCHJ 137-138(0.25) 43 111 CieHa N,

98 (CHa), H (CH,);N(CH,); 123-124 (0.07) 50 11 CreHasN2

99 (CH.)4 A (CH2)N(CoH;), 118-119(0.3) 35 I CieHae N
100 (CH,), H (CH,),N(CH,), 142-145(0.2) 15 C17HaNo
101 (CH.,)s H (CH,);N(CH;)s 147-148(0. 1y 66 11 CisHasNs

(CHp)
102 (CH.), H 2_/(Nt> 158-160(0.17) 61 I CisHuN;
CH;,

103 (CH,)q CH; (CH,);N(CH.,); 139-140(0.6) 79 II CioHap N, - 2HCIe
104 (CHa), H CHCH(CH,);N(C.H,). 148-151(0.1) 57 111 CisHa N,
105 (CH,)4 H CH:.C(CH;),CH,N(CH,); 165-166(0.4) 52 111 CHpN:

@ Procedures employed were similar to those described previonsly® [L. M. Werbel, D. B. Capps, E. F. Elslager, W. Pearlman, F. W,
Short, E. A. Weinstein, and D. F. Worth, J. Med. Chem., 6, 637 (1963)]; cited methods I-ITI correspond to those described on p 644

of this reference. ® Mp 55.5-56.5°.
diazotized aniline or 1-naphthylamine with 1-{3-
[(5,6,7,8 - tetrahydro - 2 - methyl - 1 - naphthyl)amino ] -
propyl} piperidine (103), 1-{3-[(5,6,7,8-tetrahydro-1-
naphthyl)amino Jpropyl}piperidine (101), and N,N-
diethyl-N’- (3-chlorophenyl)ethylenediamine, respec-
tively. 1-[3-(p-Phenylazoanilino)propy! Jpiperidine di-
hydrochloride (VI) was prepared by alkylation of the
sodium salt of p-phenylazoaniline with 1-(3-chloro-
propyl)piperidine in toluene. Theintermediate N,N-
dialkyl-N’-(5,6,7,8-tetrahydro-1-naphthyl- and -2,3-
xylyl)alkylenediamines (Table VI) were prepared by
alkylation of 5,6,7,8-tetrahydro-1-naphthylamine or
2,3-xylylamine with a dialkylaminoalkyl halide (meth-
ods I and II, Table VI), or by reductive alkyl-
ation of 3,6,7,8-tetrahydro-1-naphthylamine with an
aminoaldehyde or ketone (method III, Table VI).*
Alternatively, the condensation of N-(3-bromo-
propyl)-5,6,7,5-tetrahydro-4- phenylazo-1-naphthyl-
amine hydrobromide (VII) with an excess of the
appropriate amine afforded a facile route to 1-{3-
[(5,6,7,8-tetrahydro-4-phenylazo-1-naphthyl) amino ]-
propyl| piperidinie compounds substituted in the piperi-

.
NH(CH,),Br NH(CH,),N Q -
CHOHCH,
HBr
L@ =0
VII VIII

dine ring (Table III)!! and to certain N-mono-
and N,N-dialkyl-N’-(3,6,7,8-tetrahydro-4 -phenylazo-
1-naphthyl)-1,3-propanediamines (Table I1V) in which
the piperidine ring is replaced with other amine sub-
stituents (procedure IV). In like manner, 3-(1-hy-

(10) L. M. Werhel, D. B. Capps, E. I'. Flsiager, W. Pearlman, F. W.
Short, IX. A, Weinstein, and D. F. Wortl,, J. Med. Chem., 6, 637 (1963).

(11) The authors are indebted to Dr. F. E. Cislak of the Reilly Tar and
Chemiecal Corp., Indianapolis, Ind., for his generosity in supplying samnples
of many of the piperidine derivatives employed in this investigation.

¢ Dihydrochloride crystallized from ~PrOH, mp 228.5-231.5°,

4 See Table I, footnote p.

droxyethyl)-1-[3-(5,6,7,8-tetrahydro-4 -phenyl-azo-1-
naphthylamino)propyl]pyridinium chloride (VIII)
was prepared from VII and 3-(1-hydroxyethyl)-
pyridine. The starting material VII was prepared
from 3-(5,6,7,8-tetrahydro-1-naphthylamino)propa-
nol'? by treatment with 4897 hydrobromic acid fol-
lowed by coupling of the intermediate N-(3-bromo-
propyl)-3,6,7,8-tetrahydro-1-naphthylamine hydrobro-
mide with diazotized aniline in dilute hydrobromic acid.

In anticipation that the N, N-dialkyl-N'-[4-azo-
(5,6,7,8-tetrahydro-1-naphthyl- and -2,3-xylyl)Jalkyl-
enediamines, like 4’-sulfamyl-2,4-diaminoazobenzene!3
and the 4-(aminoalkylamino)-1-naphthylazo schisto-
somicides,” % might undergo reductive scission in
vivo to give active metabolites, the reduction products
1-[3-(4-amino-5,6,7,8-tetrahydro -1 -naphthylamino) -
propyl]piperidine (IX) and N-(2-diethylaminoethyl)-
2,3-dimethyl-p-phenylenediamine (X) were prepared.
The synthesis of these diamines was readily accom-

NH(CHz)aN NH(CH,),N(C,Hs),

2 2

X

plished by catalytic hydrogenation of 1-{3-[(5,6,7,8-
tetrahydro-4-phenylazo-1-naphthyl) amino]propyl] -
piperidine (14) and N,N-diethyl-N’-(4-phenylazo-2,3-
xylyl)ethylenediamine (89), respectively, over Raney
nickel in methanol or ethanol.* The preparation of
1,1’-[azobis(3,6,7,8-tetrahydro-1,4 -naphthyleneimino-
trimethylene) Jdipiperidine (XIVa) and 1-[3-(4-{5,6,7,8-
tetrahydro-4 - [(3-piperidinopropyl) amino ]-1-naphthyl-

(12) Purchased from Kaplop Laboratories, Detroit, Mich.

(13) Prontosil®. For an historical summary, see A. Borger, **Medicina(
Cliemistry,” 2nd ed, Interscience Publishers, Inc., New York, N. Y., 1960,
pp 800-801.

(14) E. F. Elslager, D. B. Capps, L. M. Werbel, D. F. Wortly, J. E. Meisen-
lielder, and P. E. Thompson, J. Med. Chem., T, 487 (1964),
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az0}-2,3-xylidino) propyl Jpiperidine (XIVb) was alsv
initiated, since reductive seigsion would yield IX and
related diamines exclusively. Compounds XIVaand b
were prepared aceording to the scheme outlined in Chart
1. Acylation of 14 with trifluoroacctic anhydride in
dimethylformamide gave 2,2,2-trifluoro-N-(3-piperi-
dinopropyl)-N-(3,6,7,8-tetrahydro-4-phenylazo-1-naph-
thylacetamide hydrochloride (XI) in 989 yield. Hy-
Irogenation of XTI utilizing Ruancy nickel in methanol

trifluoro-N-(3-piperidinopropyl)acetamide  hydrochlo-

CHarr |

CF,CON(CH); N, ) CF,CON(CH,);N )

liJ> 1 HOND
HCl ‘HCl 2 amine
N=N

NH(CH),N )

XI

CF ,CON(CH,,N )
{‘\" Ol
N
X X

NH(CH),N )

Xlila, X, X =—(CHy
b. X, X=(CHp

=2

NH(CH,)\N )

XIVa, X.X = -(CHy),”
b, X,X =(CH,),

ride (XII) (529;), which was diazotized and coupled
with 1-{3-[(5,6,7,8-tetrahydro-1-naphthyl) amino]-
propyl}piperidine (101) or 1-[3-(2,3-xylidino)propyl]-
piperidine (98) to give the intermediate 2,2,2-tri-
fluoroacetamides XIIIa and b, The latter compounds
were hydrolyzed direetly to XIVa and b without
purification.

In order to study the influence of quaternization
on antitubereulogis activity, two representative quater-
nary salts of 1-{3-[(5,6,7,5-tetrahydro-4-phenylazo-
1-naphthyl)aminoe Jpropyl|piperidine (14) were pre-
pared, namely 1,1’-decamethylenebis{1-[3-(5,6,7,5-
tetrahydro-4-phenylazo-1-naphthylamino)propyl]-
piperidinium bromide} (XV) and 1-methyl-1-[3-(5,6,7,5-

SHe

NHCH) * N CH * NCH,),NH

AV -

tetrahydro-4-phenylazo-1-naphthylamino ) propyl]-
piperidinium iodide (XVI).  1-{3-[(#&Chloro- and -4-

Vol. 11

NHCH N, )
1
g© D wa

NVHa, X=(l; b, X=0CH,

VH
AN
NH(CH

methoxy-5,6,7,8-tetrahydro-1-naphthyl)amino Jpropyl] -
piperidine hydrochlorides (XVIIa and b) were pre-
pared by alkylation of 4-chloro- and 4-methoxy-5,6,7,8-
tetrahydro-1-naphthylamine with 1-(3-chloropropyl)-
piperidine. '

Biological Section

Antituberculosis Studies.—The N-mono- and N,N-
dialkyl-N'-[4-220(5,6,7,8-tetrahydro-1-naphthyl- aml
-2,3-xylyl) Jalkylenediamines (Tables I-V) and com-
poundg III-XVIIab were tested against the human
virulent HypiRv strain of M. tuberculosis in vilro
and in mice. Inasmuch as details of these test pro-
cedures have been deseribed elsewhere,'®Y only the
main features will be reviewed here.

I'n witro studies against M. fuberculosis HyRv were
conducted m a defined medium! containing 109,
(v/v) bovine serum.  Minimum total inhibition con-
centrations were estimated by visual inspection after
nieubation for 7 days at 37°.  Activity was based on
the mmimum inhibitory concentration (MIC) of drug
that caused total inhibition, and potency ratings
(Tables I-V, VII) were assigned to indieate the
approximate level of growth inhibition within the
following concentration ranges (ug/ml): 44+,
<0.01; 4+++.001-0.1; ++,0.1-1.0; +, 1.0-10.0;

=, >10.0.  The reference drug, isoniazid, causes com-
plete inhibition at approximately 0.02 ug/mml and is
therefore axsigned a rating of 4+ +4-,

TasLE VII
ATty 0F MISCELLANEOUS COMPOUNDS AGAINST
Myeobacterium tuberculosis gRv on Vilre
No, MICe
Il
v
\«'
VI
Vil
VI
IN
X
N1
X1
Niva -
XI1Vh -
NV ++
AVI -+
+

BRI SR

[

XVI1Ia
NVIIH
» See footbote g, Table 1.

$15) E. I, Elslager, D. 18, Capps, abd L. M. Werbel, J. Med. Chem., T, Co5
(1064).

(16) M. W. lisker, M. C. Manning, L. A. Gagliardi, M. R. Gaeclz, and
Ao L. Erlandson, Antibict. Ann. 1969-1960, 293 (1960).

U7 M. W, Fislier, Proc. Soc. Exp. Biol. Med., 85, 538 {1154).
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Evaluation of the drugs n vivo was carried out in
CF-1 male mice initially weighing 12-14 g. The mice
werce challenged intravenously with approximately
0.1 mg wet weight of M. tuberculosis HyRv, 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) at a diet level of 0.59
for 7 days or 0.759, for 14 days, were included in each
experiment as controls. Assessment of ¢n vivo activity
was based on the magnitude of the difference (ASTs0)
between the median survival time (ST) of treated and
untreated groups of mice.

Antituberculosis activity in vitro is widespread among
the N-mono- and N,N-dialkyl-N’-[4-az0(5,6,7,8-tetra-
hydro-1-naphthyl- and -2,3-xylyl) Jalkylenediamines
(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-naphthyl J]amino} propyl)piperidines  (I)
and 1-(3-{[5,6,7,8-tetrahydro-4-(3-pyridylazo)-1-naph-
thyl]amino | propyl)piperidines (II). Five of the more
promising compounds (3, 6, 14, 24, 53) were selected
for expanded ¢n wvivo studies. A comparison of the
relative effectiveness of these compounds, p-amino-
salicylic acid (PAS), and isoniazid (INH) against
M . tuberculosis HyuRv in mice is set forth in Table VIII.

Antileprosy Studies.—In view of the interesting
activity of 3, 6, 14, 24, and 53 against M. tuberculosis

TasrLE VIII
Errecrs oF 1-(3-{[5,6,7,8-TETRAHYDRO-4-( PHEN YLAZO- AND
~-3-PYRIDYLAZO )-1-NAPH'THYL] AMINO }PROPYL)PIPERIDINES
AGAINST Mycobacterium tuberculosts HyRv 1IN MICE

— Drug Mice median

mg/kg survival time,

% in daily, —=days—

No. Compound diet 14 days STs ASTs®
3 LR=H;X =4-Br 0.01 11 38 27
0.005 5 19 8
0.0025 3 11 Q
6 LR=H:X=4Cl 0.02 16 78 67
0.01 9 42 31
0.005 b} 33 22
0.0025 2 11 0
14 I,R=H:X=1 0.04 41 50 39
0.02 25 37 26
0.01 11 13 2
24 I,R=H;X =4-0CH,; 0.04 42 50 39
0.02 24 26 15
0.01 8 13 2
0.005 4 11 0
53 II,Y = OCH, 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
Isoniazid (INH) 0.004 6 52 39
0.0026 4 26 13
0.0013 2 17 4

e Median survival time for untreated control animals ranged
from 11 to 13 days. ASTSs represents the difference between the
median survival time of treated and untreated mice.
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in mice (Table VIII), the drugs were supplied to Dr. Y.
T. Chang of the National Institutes of Health for
evaluation against murine leprosy.»® 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 Hawailan strain of
Mycobactertum lepraemurium., The drugs were ad-
ministered continuously by drug-diet, and treatment
commenced on the day after inoculation. In most
experiments, mice were killed at the end of 3 months.
In 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.® 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 0.0259, in the diet.’

Toxicological Studies.—Results of preliminary toxi-
cological studies’® 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 LD values
in rats and mice are 1122 =+ 83 and 302 £+ 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 Section®

N-Mono- and N,N.Dialkyl-N’-[4-az0(5,6,7,8-tetrahydro-1-
naphthyl- and -2,3-xylyl)]alkylenediamines (Tables I-V), Pro-
cedure I.—A solution of 107 g (1.55 moles) of NaNOQO; in 1.5 1. of
H:0 was added at 0° with stirring to a solution of 144 g (1.55
moles) of aniline in a mixture of 450 mi of concentrated HCl and
1.5 L of H,O. When diazotization was complete, the diazonium
salt solution was added at 0° with stirring to a solution of 422 g
(1.55 moles) of 1-{3-[(5,6,7,8-tetrahydro-1-naphthyl)amino]-
propyl} piperidine (101) in a mixture of 750 ml of concentrated
HCI and 8 L. of 509, aqueous EtOH. The deep reddish brown
mixture was stirred for 3 hr at 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 H:0, and dried. Crystallization from
MeCO gave 487 g (83%) of 1-{3-{(5,6,7,8-tetrahydro-4-phenyl-
azo-1-naphthyl)amino] propyl}piperidine (14) as orange-red erys-
tals, mp 115-116°,

(18) Y. T. Chang Intern. J. Leprosy, 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 O. J. Sorenson, Jr., unpublished
data in the files of Parke, Davis and Co., Ann Arbor, Mich.

(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 erements were
within 2=0.4Y; of the theoretical values.
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Procedure IL.--A =olimtion of 5.0 g (0.05 wole) of Z-unino-
thiazole 1 250 wml of 5007 (v/v) 1180y wax dinzotized at 0 1o
—10° by the slow addition of NOIISO; (preparved from 5.5 g
of NuNO: and 35 ml of concentrated 11500, The mixtnre wis
stirred Tor 30 min n€ —5° and added 10 a solntion of 13.6 ¢ (0.05
mole)  of  1-13-[(5,6,7.8-tetralivdro- G-unphthylaminag propyli -
piperidive (101) i 250 ml of 5000 .80 nt 0 to —10°, Afier
15 min, Bo Loof .0 was added dropwise it O ke =5° wd 1he
mixbire wis allowed to winm (o roomn temperature overnight.
During this time the mixuire beenne i1 deep red-prirple. An
sdditionad oof 1.0 was then added, and the cooled <olntion wis
made alkaline with concentrated agveons NaOIT and extracted
with CIICL. The combined CIHCL extracts were concentrated
(o dryvuess leaving a viseons mass which solidified on standing
overnight.  This nunertal was dis<olved i1 CIICL; and filrered.
The fihrate wias washed with 110 and dried (K.COy3). The sol-
vent was removed in eocwo and the residine crvstallized from
ngtieots BOTL to give 6.0 g (3100 of 1-(3-{ [5,4,7.8-ketrahvdro-4-
12-thinzolylizo )=t-naplithivl[amivo propyDpiperidine (50 ns diak
red=green iridescent crystals, mp 144--146°.

Procedure III.--- Aniline (4.6 g, 0.05 mdde) was diazotized and
added gt 0-5° to 1 solution of 125 ¢ (0.05 mole) of 1-[5-(2,3-
xylidino)propypiperidine (98) i 300 wil of 1,0 and 25 wml of
glacial AcOH. The mixture was stirred Yor 2 hr and nemralized
with NaOAc. The orange g which formed solidified on stand-
ing.  The solid was collected by filteation and resnspended in
11.0), and the mixture was treated with NH;OH. The gnin which
feoemed was again snspended in FIO) and the mixtire was heated
on a xtemmn bath to induce eryxallizarion.  The erude produet
was collected by filtration, washed with I1.O, and diied. Cry=tal-
lizntion From Me,CO gave 7.0 g (399) of the desired T-[5=(
phenylazo-25-xyvlidino)propyllpiperidine (92) as omnge crvystals,
mp 95-97°.

Procedure IV, -A mixvue of 7.4 g (0.0164 nole) of N-(3-
bhromopropy1)-5,6,7,8-tetraliydro-4 - plienylazo - Teraphithyvlamine
(V1D and 100 ml of 4-methylpiperidive wis heated on a steam
Lot Tor 2 hre and ponred into 11,0, aud the mixOre was extracted
with CHCL. The organie Inyer was washed thoronghly with
1.0, dried (K:COy), and concentrated o dryness in eacuo.
The restdue was eryvstallized from ~PrO1 to give 5.6 g (56%) of
d-methyl-1-{3-[(5,6,7,8 - tetrahydro - 4 - phenylazo - 1 - paphtlivl)-
amino] propylipiperidine (59) as orauge veedles, mp 114-118°,

When <applies of (he amnine comiponent were scarce, the re-
netion wirs carried ont v DAE (10 ml 7002 mole s nkilizing
Boeqniv ool mnine. I those enses where the bases could not be
indieed to cryvsiallize, =alts were prepared ehlier by rritirating
thie buse with a ~PrOH-1HCT mixture or by bubbling avhivdron=
HCT into se=solntion of the base i ashydroas Litat).

1-:3-((5,6,7,8-Tetrahydro-2-methyl-4-phenylazo-1-naphthyl)-
amino|propyl{piperidine Dihydrochloride (III}.---Aniline {9.;5 g,
0.1 mole) was diazotized and coupled with 25.0 ¢ (0.1 moled of
Loy 5=1 0,0, 7 8 tetrahvdro=2- methiyl = 1= paplichyDamive | propyl{-
piperidive (103) ccording 1o procedure 1. The erde dye was
prified ax the dihvdeochloride =alt sand was obtained as ornnge
evystals Trom O np 1711759, vield 2005 ¢ (4200, Anol.
1O NG 2HCH LUy ¢ U, N, CL 10,

1-13-}15,6,7,8-Tetrahydro-4-( 1-naphthylazo )-1-naphthyl|am-
ino!propyl)piperidine (IV), - I-Naplithylunive (7.2 g, 0.0 mole)
wies diazolized sined coupled with 15.6 g 10.05 Hudde) of 1-]5-
(6.7, 8-tetrnhiydro- F-puphthyDaninofpropyl{ piperidine (1011
according to procednre I The product crystallized from MeCN -
Methyl Cellorolve ax maroon needles, 17.7 g (S500), mp (69
170°, Anal (CsHuNy) C, H, N

N’-[3-Chloro-4-(phenylazo)phenyl|-N,N-diethylethylenedi-

amine Salt with 0.5 Formula Weight of 1,5-Naphthalenedi-
sulfonic Acid (V). Aniline (9.5 g, 0.1 mole) was diazotized and
coupled with 22,6 g (0.1 mdde) «f N, N-diethyl-N"-(3-chloro-
plievyDethylenediataine nceording 1o procedure 1. A small
stiiple of the ernde dye (16.7 g, H19%) was purified as the
bo-maplithialenedisulfounic  neid  salt and  was  obtained  as
reddizli brown erystals from DMI-TL0, mp 208-210°. Anal.
(CiThaCINGDAHC IO C, T, N

1-|3-(p~Phenylazoanilino)propy!|piperidine Dihydrochloride
(V. To aslurry of 9.6 g (0.2 nole) of a 509 NaH dispersion
in ail in tobiene was ndded a =olution of 39.4 g (0.2 mole) of 4-
phicuylazoaniline in wlnene (toral volume 650 ml)., The mixture
wax heated ander reflux Tor 1l yooled, and 10 it was added a
sob1ton of 3205 ¢ (0.2 wole) of 1<s-chloropropyl)piperidine in
150Hul of dry toliene. Thie mixture wis heated under reflux For
22 hr and cooled. Witer wax esuntionsly ndded and 1he organic
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Lyer was eparated, dried (IGCOy), and concemried to drypess
in racuo.  The oily residiie was treated with an excess of 1
~PrOT-TCH mixtre and the ernde red dye was filtered oll and
dried (72 ¢). Crvstallizauion from ErOH gave 41.0 g (4803 of
it red-pnrple =olid, mp 142-147°0 bnal. (CadlyeNy-21TCEH 1.67-
I1,0) ¢, I, N, 1, 11,0,
N-(3-Bromopropyl)-5,6,7,8-tetrahydro-1-naphthylamine Hy-
drobromide.-—A xolntion of 67 g (0.3 mole) of 5(5,6,7,8-tetrphy-
dro~-napinhylaminopropanol?® in 530 g (3.5 moles) of 480 11Br
was heated under reflux for 5 e and cooled.  The <olid was col-
leeted by filivation, washed with -PrOL, nod dried o0 cacuwo an
0%, Prrifiention from -PrOH gave 78 g (69¢) of produet, mp
FO4-108°, lnal. (CodlBeN-HB) C, 1, N, B,
N-(3-Bromopropyl)-5,6,7,8-tetrahydro-4-phenylazo-1-naph-
thylamine Hydrobromide (VII).-- N-(i-Bromopropyl)-5,6,7,8-
tetraliydro-l<naphthylamine hydrobramide (1070g, 0.3 mole) was
diszolved in 1.4 L od hotling FtOIT and the =olintion wux cooled
rapidly to 0° with vigorons stirring to prodiee i fine snspension.
To it was added with stirring at 0-5° a4 =olution of phenyldi-
nzoninm brontide prepared Tromn 27,40 g (0.3 mole) of anilive, 121
of 1LO, 7% 1l (0.7 mdde) of ANC HBr, and 20.7 g (0.5 mole) of
NaNO. The mixinre was stirred for 3y at 4°, then refrigerated
aovernight.  The precipitaite thios obtained was colleeted by
filtrition, washed with cold HaO), rood dried in the atr for 2 days
snd e 30° g eacuo For 24 br. The produet weighed 120.8 g
19300 mp F7-200.7¢, Por analysis, o <mall sample wax crys-
tallized from MeOHH contnining HBr. .lnel. (CollaBrN;-1TBr;
C, I, Nt Brooenled, 3527, found, 54.85.
3-(1-Hydroxyethyl)-1-(3-(5,6,7,8-tetrahydro-4-phenylazo-1-
naphthylaminojpropyl]pyridinium Chloride (VIII).--A mixuure
of 0.1 g (0.02 mole) of N-(3-bromopropyl)-),6,7,5-tetrahvdro-4-
plienylazo-l-naphthyvlamine hydrobromide (VITY aud 50 ml of
S-(Lhvdvoxyethylpyridine wis hemted on a steam bath Tor 2 hr.
The orange-red solution was poured onto H00 g of ice and 11,0,
The red =olition wix ssvinted with NaCl and extrnered witde
CHCL. The combined CHCl; extracts were washed with =atn-
rated NaCl solution and dried (MgROy) The solvent was coun-
ceptrated to small volume and Fi0 was added to the elond point.
Coaling and =eratehing indneed preeipitation of w yvellow solid
which was collected nnd recry=tallized from +»~PrOH giving 7.0
g LIS of vellow needles, mip 192.05-194°0 Anal. (Cwl; CINGOD)
¢, 1, N, CL
1-;3-4-Amino-5,6,7,8-tetrahydro-1-naphthylamino)propyli-
piperidine Trihydrochloride (IX).—A =oliution of 535.6 g (0.08)
mole) of  1-)3-45,6,7,S-1etrahyvdro-4-phenylazo~1-naphthyl -
o[ propyvlipiperidine (14) i 300 ml of EiOTD was hydrogennted
over 3 g of Ravey nickel it an indtinl Tl pressure of 5.5 kg/cm?.
Whero the theoretienl ranonnt of 11y had been absorbed, the
crtalyst wis removed by filtranion and the filtrate was (reated
innnedintely with an excess of a 5000 1ICEH=PrOIT solation 10
arrest i oxidittion. Phe mixture wias coneentrated to 200 il
and (he off-white solid was collected by filteation, washied with
~PrO1I, and dried yn eaewo 2t 40° for 24 e The produey weighed
BT g (9400 mp YONH-2000°0  daol. (O NG SHTCTH HaO)
¢, 1, N, CL
N-(2-Diethylaminoethyl)-2,3-dimethyl-p-phenylenediamine
Trihydrochloride (X).- - N,N-Diethyl-N’-(4-phenvinzo-2,3-xy1vl)-
cthivlenedinmine hvdrochloride (89) (14.0 g, 1059 mole) was
Livdrogorsded be MeUTE over Raney vickel sind the reation mis-
mire was proeessed according 1o the procednre deseribed for
IN. Crystallization from MeOU-i-PrO1l gave 1135 g (8370) of
colorless cryvstals, 1ap 221-225°0 nel. (CullyNgiHCH €
H, N, CL
2,2,2-Trifluoro-N-( 3-piperidinopropyl )-N-(5,6,7,8-tetrahydro-
4-phenylazo-1-naphthyl)acetamide Hydrochloride (XI).--To »
solution of 412 g (1.1 moles) of 1-13-[(5,6.7,8-tetrahydro-4-
phenyhizo-l-uaphthyDaminolpropyli piperidine (14) in 2 L of
DAMF was added daring 45 min # solution of 277 g of trillnoro-
acetie anhydride in 500 ml of DAMFEF. The reaction waxs shightly
exothermic and the temperature rose to 40°,  After stirring far
4 hir e mixtire was ponred into 12 10 of iced IO containiug
750 1l of concentrmed 1ICL The precipitate was collected by
fihration, wished thoronghly withh 1LO, and dried o give 571
g (URU; 1 ol orange erystals, mp 186-187°. Anal (Cxly FNO-
e 1LO) ¢, H N, C 1TLO.
N-14-Amino-5,6,7.8-tetrahydro-1-naphthyl)-2,2,2-triluoro-N-
3-piperidinopropyljacetamide Hydrochloride (XID). A sobitiox
ol 3310 g (0.1 Huole) «f NT was reduced in MeOIT over Rauey
siekel m1 room temperatire and anivitial pressnre of 3.5 kg/ew®,
The solven was removed and the residue recrystallized sicees-
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stvely from 450 ml of «~PrOH and 300 ml of MeOH. The pale
vellow solid weighed 22.0 g (52%), mp 255-257°. Anal. (CoHas~
F:N;O0-HCD C, H, N, CL
1,1’-[Azobis(5,6,7,8-tetrahydro-1,4-naphthyleneiminotrimethyl-
ene)|dipiperidine (XIVa).—A solution of 11.0 g (0.026 mole) of
XII in 300 ml of H:O containing 8 ml of concentrated HCI was
diazotized at 0° with 26 ml of 1 ¥ NaNO.. The diazonium solu-
tion was added at 0-5° to a cold solution of 7.1 g (0.026 mole)
of 1-{3-[(5,6,7,8-tetrahydro-1-naphthyl)amino] propyl} piperidine
(101) in 100 ml of EtOH, 200 ml of H,0, and 12.5 ml of concen-
trated HCL. The purple solution was stirred overnight and made
alkaline with NH,OH, and the sticky product was washed with
H,0. The crude amide XIIIa was dissolved in 500 ml of Me;CO-
MeOH, 20 ml of 2 ¥ methanolic NaOH was added, and the mix-
tnre was stirred overnight. The solid was collected by filtration,
dried, and crystallized from CHCl; to give 7.5 g (519 over-all)
of red needles, mp 235-237°. Anal. (CsHwuNs) C, H, N,
1-[3-(4-{5,6,7,8-Tetrahydro-4-[( 3-piperidinopropyl)amino]-1-
naphthylazo}-2,3-xylidino) propyl 1 piperidine (XIVb)—N-(4-
Amino-3,6,7,8-tetrahydro-1-naphthyl)-2,2,2-trifluoro- N-( 3-piperi-
dinoprapyl)acetamide hydrochloride (XII) (28.1 g, 0.067 mole)
was coupled with 1-[3<(2,3-xylidino)propyllpiperidine (98) (16.5
g, 0.067 mole) using the procedure described for XIVa. The
crnde amide (XIITb) was hydrolyzed without purification and
the product was crystallized from CHCl;—petroleum ether (bp
30-60°) to give orange crystals, mp 199.5-201°, yield 18.0 g
(499 over-all). Anal. (CuHzNe) C, H, N.
1,1’-Decamethylenebis{1-(3-(5,6,7,8-tetrahydro-4-phenylazo-
1-naphthylamino)propyl]piperidinium Bromide} (XV).—A solu-
tion of 10.0 g (0.027 mole) of 1-{3-[(5,6,7,8-tetrahydro-4-phenyl-
azo-1-naphthyl)amino]propyl}piperidine (14) and 3.9 g (0.013
maole) of 1,10-dibromodecane in 150 ml of MeCN was heated
under reflux for 74 hr. Some solid had formed. Me,CO was
added to induce further precipitation and the solid was removed
by filtration. The crude quaternary salt was triturated with
boiling Me,CO, filtered, and dried to give 7.5 g (53%,) of an
orange-red solid, mp 209-213° Anal. (CssHsBr,Ns) H, N, Br;
C: caled, 66.14; found, 65.67.
1-Methyl-1-({3-(5,6,7,8-tetrahydro-4-phenylazo-1-naphthyl-
amino)propyl]piperidinfum Iodide (XVI).—A mixture of 10.0 g
(0.027 mole) of 1-{3-[(5,6,7,8-tetrahydro-4-phenylazo-1-naph-
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thyl)aminolpropyl}piperidine (14) and 50 ml of Mel was stirved
briefly. Solution began followed by an exothermic reaction and
precipitation of an orange solid. The reaction mixture was
warmed on a steam 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 (829%), mp 210-212°.
Anal. (CesHasNoI) C, H, N.

1-{3-[(4-Chloro-5,6,7,8-tetrahydro-1-naphthyl )Jamino]propyi}-
piperidine Hydrochloride (XVIIa)—To a solution of 416 g
(0.229 mole) of 4-chloro-5,6,7,8-tetrahydro-l-naphthylamine in
1 1. of dry toluene was added 50.0 g (0.25 mole) of 1-(3-chloro-
propyl)piperidine hydrochloride and 64 g of anhydrous K,CO;,
and the mixture was heated under reflux with stirring for 24 hr.
Excess aqueous NaOH was added and the mixture was stirred
for 2 hr. The toluene layer was separated and dried (KyCO;),
and volatile materials were removed ¢n vacuo. The product was
purified as the HCI salt, off-white crysals from ~PrOH, mp 204-
207°, yvield 18.5 g (24%). Anal. (CisHyCIN:-HCI) C, H, N.

1-{3-[(5,6,7,8-Tetrahydro-4-methoxy-1-naphthyl)Jamino]pro-

pyl}piperidine Hydrochloride (XVIIb).—Alkylation of 4-methoxy-
5,8,7,8-tetrahydro-1-naphthylamine (50.0 g, 0.283 mole) with
1-(3-chloropropyl)piperidine hydrochloride (56.0 g, 0.283 mole)
according to the procedure described for the preparation of
XVIIa gave 45.8 g (489) of the desired product as off-white
crystals from EtOH, mp 208-211°. Anal. (CisHypN0-HCI)
C, H, N.
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A series of 2-hydroxy-3-alkyl-1,4-naphthoquinones has been synthesized; the compounds have been screened as

potential coccidiostats.

Six of the new gninones have activity against Eimeria brunetti infections in chickens

with 0.012557 of compound in the feed. The alkyl groups imparting greatest activity are 3-(4-cyclopentyl-
phenyl)propyl, 3-(4-cycloheptylpheuyl)propyl, 3-[4-(3-pentyloxy)phenyllpropyl, and 3-[4-(4-heptyloxy )pheunyl]-

propyl.

In a series of quinones having 3-(4-alkoxyphenyl)propyl side chains, the activity increases with in-

creasing lipophilicity of the alkoxy group. This parallels the effect first observed by Fieser, e al., for the anti-
malarial activity of 2-hydroxy-3-alkyl-1,4-naphthoquinones.

The 2-hydroxy-3-alkyl-1,4-naphthoquinones have
been extensively studied by Fieser and his coworkers®*
as potential antimalarials. In 1960 a number of hy-
droxyquinones selected from Fieser's extensive col-
lection (Table I) were sereened by Merck Shairp and
Dohme as potential coccidiostats.? Several of the

(1) This work was supported by a predoctoral fellowship from the U. S,
Public Service, Division of General Medicinal Sciences, during the period
1961-1963.

(2) Arthur D. Little, Inc., Acorn Park, Cambridge, Mass. 02140.

(3) L. ). Fieser, et «l., J. Am. Chem. Soc., T0, 3151-3244 (1948).

(4) (a) L. F. Fieser, J. P. Shirmer, 8. Archer, R. L. Lorenz, and P. J.
Pfaffenbach, J. Med. Chem., 10, 513 (1967): (b) L. I". Fieser, M. Z. Nazer,
3. Archer, D. A. Berbarian, and R. G. Slighter, tb¢d., 10, 517 (1967).

(5) The selection of most of the coinpounds in Table I was made by E. F.
Rogers, Merck Slarp and Dolilrce.
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b, R = (CH.),
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compounds, especially 1a—¢, showed a significant level
of coccidiostat activity in chickens infected with



