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I. of reagent hydrobromic acid (48¢%,) was boiled with stirring
for 24 hr. in a flask equipped with a condenser fitted for distilla-
tion. The temperature was adjusted so that approximately 500
ml. of the hydrobromic acid-water distillate was collected during
this period. Upon cooling, the hydrobromide salt precipitated
and was collected and stirred with 3 1. of boiling 2-propanok.
The off-white erystals were collected by filtration, washed with
fresh 2-propanol, and dried in vacio at 50° for 48 hr.  The desired
N-(2-bromoethyl)-[-naphthylamine hydrobromide weighed 1.5%
kg, (R9%¢), nm.p. 208-211° with prior softening at 200°.

Anal. Caled. for CLHRBrN-HBr: ¢, 43.53: H, 3.96: N,
423, Br, 48250 Found: C, 43.73; H, 4.22: N, 1.42; Br,
AN.69.

N-(3-Bromopropyl)-1-naphthylamine Hydrobromide.—A solu-
tion of 201 g. (1.0 mole) of 3-(1-naphthylamino)-1-propanols
in 1.5 kg. of 48¢; reagent hyvdrobromic acid wus heated under
reflux for 22 hr. A greenish brown il separated. The mixture
was cooled in ice und the supernatant liquid decanted. The
residue was taken up in 500 ml of warm methanol and cooled
to give 189 g. of the hydrobromide salt, m.p. 149-151° A
second erop weighing 55 g., m.p. 142-146°, was obtained hy con-
centration of the filtrate.  The total erude vield was 719, For
analysis, a sample wus recrystallized twice fronm methanol giving
off-white crystals, m.p. 152-154°.

Anal. Caled. for CuHuBrN-HBr: C, 45.24: H, +4.3%; Br,
46.32. Found: C, 45.09; H, 4.64; Br, 45.30.

6-(2-Diethylaminoethoxy)-1-naphthylamine.—A mixture of
100 g. (0.5 mole) of N-(6-hydroxy-1-naphthyl)acetamide, 54 g.
(1.0 mole) of sodium methoxide, and 86 g. (0.5 mole) of 2-chloro-
triethylamine hydrochloride in 300 ml. of ethanol was heated
under reflux for 22 hr.  The mixture was cooled, 130 ml of con-
centrated hydrochloric acid was added, and the mixture was
heated under reflux for un additional 17 hr. The solvent was
removed from the reaction mixture, and the residue was treated
with aqueous sodium hydroxide and extracted with ether. The
ether extracts were dried and distilled to give 49 g, (3890) of 6-(2-
diethylaminoethoxy )-1-naphthylamine, b.p. 160° (0.15 mn1.).

Anal. Caled. for CHaeN.O: (), 74.358; H, 858 N, 10.85.
Found: C, 74.40; H, 8.535; N, 10.68.

The hydrochloride salt prepared in ethanol with 2-propanol
saturated with hydrogen chloride gave off-white needles, m.p.
248-253° from ethanol-ether.

Anal. Caled. for CiHyN,O-2HCL: €, 5%.01; H, 7.30; N,
RA46; Cl, 2140, Found: C,58.10; H, 7.10; N, 8.53: Cl, 21.26.

I-Diethylaminomethyl-3-cyclohexene-1-carboxaldehyde.—A
mixture of 226 g. (2.05 moles) of 3-cyelohexene-1-carboxaldehvde,
185 g (1.69 moles) of diethylamine hydrochloride, and 78 g.
(2.6 moles) of paraformaldehyde in 125 g. of ethanol was heated
on the steam bath for 2 hr.  An additional 78 g. of paraformal-
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dehyde was added and heating was continued for 6 hr. The
mixture was poured into 2 L of water and extracted with ether, and
the ether extracts were discarded.  The aqueous laver was made
hasic with sodium hydroxide and the oil which separated was
extracted with ether.  The extracts were dried over anhyvdrous
sodium sulfate, the ether was removed, and the residue distilled to
give 200 g (617, ) of I-diethylaminomethyl-3-cyelohexene-1-
carboxaldehyde. bopo 39-61° (01202 muo il v 1LITS0,
Anad. Caled, for CuHaNO: ) 73790 H, 104 N, 70T
Found: ¢, 7357, H, 10.41: N, 7.2
1-(1-Naphthyliaziridine.-To « stirred solution of 27.8 g, (0.69
mole) of sodium hydroxide in SO mlo of water and 300 ml of
ethanol was added a solution of 100 g. (0,30 mole) of N-(2-bromo-
ethyl)-l-naphthylamine hydrobromide in 1 L of ethanol. The
mixture was heated under reflux for 4 hr. and allowed to stand at
roant temperature overnight.  The mixture was filtered to remove
a smiall amount of solid, and the solvent was removed from the
filtrate in racwo. The residue was poured into water and ex-
tracted with ether.  The extracts were dried over anhvdrous
sodium sulfate, the solvent was remaved, and the residue distilled
to give 358 g (75 ) of 1= I-naphthyDaziridine, hop. ST N3° 702
mm. J, 830 1642, ]
dnal. Caled. for CpldNG G0 S307; H, 6350 N NN
Found: C, 810940 H, 655 N, 845 ‘
A solution of the aziridine base in cthanol was treated with
2-propanol saturated with hydrogen chloride.  The N-(2-chluro-
ethyl)-l-naphthylamine hydrochloride obtained was crystallized
from ethanal-ether to give off-white crystals, nup. IS1IN3® dee.
Anal. Caled, for CpHBCIN-HCL: ) 59520 H, 5410 N,
5790 C1 20280 Found: ), 50.63: H, 557 N, d5.83: L 28097
Acknowledgment.—The authors wish to express
their appreciation to Dr. Loren M. Long for his interest
during the tenure of this work.,  Further, we take thiz
opportunity to thank Dr. Paul L. Thompson, Miss
Anita Bavles, Miss P. MeClay, Dr. M. W, Fisher, Dr.
AL L. Erlandson, and Dr. A B, Hillegas for the bio-
logical testing; My, Charles . Childs and associates
for the microanalytical data; Dr. John M. Vandenbelt
and associates for the spectral data; Dr. W. D, Cloxson
and Mrs. Dianne Kurtz for the preparation of several
of the compounds deseribed herein; and Miss Carolyn
Eady for assistance with the chemical nomenclature
used.  We also wish to acknowledge the helpful dis-
cussions with Professor Harey Mosher rvegarding the
hvdrosulfite Bucherer reaction.

Synthetic Schistosomicides.

IV. 5-[4-(2-Diethylamino-

ethylamino)-l-naphthylazojuracil and Related
[4-(Aminoalkylamino)-1-naphthylazolheterocyclic Compounds'

Epwarp . Ensvacer, Davip B, Cares, Daasye [ Koenrz,
Lestie M. WeErBrkL, axp Doxand 7. Worrn

Rescarch Laboratories, Parke, Davis and Compargy, Anen Arbor, Michigan

Received March 1.2, 1963

A variety of [4-(aminoalkylaming)-1-naphthylazoTheteroeyelic compounds have been svnthesized by (1)
coupling a diazotized heterocyelic amine with the appropriate 1-(aminoalkylnaphthylamine; (2) allowing & N-
(w-haloalkyl)-4-(heterocyclicazo)-1-naphthylamine to react with the appropriste amine; (3) alkaline hydrolysis
of the corresponding N-(aminoalkyl)-2,2,2-trifluoro-N-[4-(heterocyclicazo)-1-naphthyl Jacetamides. Many of the
[4-(aminoalkylamino)-1-naphthylazolheterocyclic compounds are highly active against experimental Schisto-

soma manson? infections.

In previous communications from these Labora-
tories,' =% it was reported that 5-(4-amino-1-naphthyl-

(11 Presented before the Division of Medieinal Chemistry, Frdth National
Meeting of the American Chemical Society. Los Angeles, Calif., April I,
1963, Abstracts of papers, p. 15L.

(2) kL F. Elslager, DL B, Capps, L. M. Werbel, D, Fo Worth, J. L2 Meisen-
helder, 110 Najarvian, and Po KD Thomypson, J. Med, Chem., 6, 217 (1453,

azo)uracil (I) and various [4-(aminoalkylamino)-1-
naphthylazo theteroevelic  compounds  (IIT)  exhibit
strong therapeutic activity against Schistosoma mansond
infections in experimental animals.  This paper de-

vy b b Blslager and DV Worth, hed. 6, FhE CEHGR
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NH,

OO

HO

scribes the synthesis of selected members of the latter
class of compounds in detail.

A majority of the [4-(aminoalkylamino)-1-naphthyl-
azo Jheterocyclic compounds (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
alkoxy group, and Het a heterocyclic radical) were pre-
pared by coupling a diazotized heterocyclic amine with

R\ R\
N—Y—NR,R, N—Y—NR,R,
.
e
X X N=N—Het
I 11

the appropriate 1-(aminoalkyl)naphthylaminet (II)
(methods I-III). These azo compounds are sum-
marized in Tables I-IV. In addition, the coupling of
diazotized 2-aminopyridine l-oxide with N,N,2-tri-
methyl-IN’-1-naphthyl-1,3-propanediamine* and diazo-
tized 5-aminouracil with 2-(2-diethylaminoethylamino)-
naphthalene afforded 2- {4-[(3-dimethylamino-2-methyl-
propyl)amino }-1-naphthylazo pyridine 1-oxide (IV) and
5-[2-(2-diethylaminoethylamino)}-1-naphthylazo ] -uracil
(V), respectively. Diazotized 3-aminoquinoline was
coupled with N,N-diethyl-2-(1-naphthylamino)acet-
amide to give N,N-diethy!-2-[4-(3-quinolylazo)-1-naph-
thylamino Jacetamide (VI).
NHCH,CHCH;CH,N(CH;),

OO NH(CHz)zN(Csz)z
N=

N N—N
v

HON OH
v

NHCH,CON(C,H;),

N—#F
v
VI

Several alternate routes for the preparation of the
heterocyclic azo compounds (III) were examined,
including the condensation of a N-(w-haloalkyl)-4-
(heterocyclicazo)-1-naphthylamine with an amine.
Thus, condensation of N-(2-bromoethyl)-4-(3-dibenzo-
furanylazo)-1-naphthylamine (VII) with excess piperi-
dine gave 1-{2-[4-(3-dibenzofuranylazo)-1-naphthyl-
amino Jethyl}piperidine (VIII) in 829 yield (Table
IV, method IV). The intermediate VII was prepared

(4) L. M. Werbel, D. B, Capps, E. F. Elslager, W. Pearlman, F. W.
Short, E. A. Weinstein, and D. F. Worth, J. Med. Chem. 8, 637 (1963).,
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]
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H(CH:):Br H(CHz):N )

0 mew (0

VII VIII

by allowing diazotized 3-aminodibenzofuran to react
with  1-(2-bromoethyl)aminonaphthalene hydrobro-
mide? in dilute hydrobromic acid. When the coupling
reaction was carried out in hydrochloric acid, N-(2-
chloroethyl)-4-(3-dibenzofuranylazo) -1-naphthylamine
was obtained.

A third route employed in the synthesis of the
[4-(aminoalkylamino)-1-naphthylazo Jheterocyclic com-
pounds involved the coupling of diazotized N-(4-amino-1-
naphthyl)-N-(2-diethylaminoethyl)-2,2,2-trifluoroacet-
amide monohydrochloride (IX)® with a heterocyclic
coupling component to give the intermediate N-(2-di-
ethylaminoethyl)-2,2,2-trifluoro-N-[4-(heterocyclicazo)-
1-naphthyllacetamides (Xa—e). Alkaline hydrolysis of
Xa—e (methods V and VI) gave 4-[4-(2-diethylamino-
ethylamino)-1-naphthylazo ]-3-methyl-1-phenyl-2-pyra-
zolin-5-one (XIa), 2,6-diamino-3-[4-(2-diethylamino-
ethylamino)-1-naphthylazo Jpyridine (XIb), 5-[4-(2-di-
ethylaminoethylamino)-1-naphthylazo Jbarbituric acid
(XIc), 1-(2-diethylaminoethyl)-6-[4-(2-diethylamino-
ethylamino)-1-naphthylazo]-1,2,3,4-tetrahydroquino-
line (XId), and 5-[4-(2-diethylaminoethylamino)-1-
naphthylazo -8-quinolinol (XIe), respectively (Tables
I-1V).

CF;CON(CH;).N(C:Hs), CF3CON(CH2):N(C:Hs)2
+ - .
N.Cl N=N—Het
IX
OI;I_/
NH(CH,):N(C:Hs)2
N=N--Het
XI

where Het represents

oH
. |

NN HNNOSWH,  HOZ SN0

6H5

(d) \@(js (€ \/
N N

| OH
(CH3);N(CzHs):

An insoluble  3-[4-(2-diethylaminoethylamino)-1-
naphthylazo Jpyridine salt with one-half formula weight

(5) E. F. Elslager, D. B. Capps, D. H. Kurtz, F. W, Short, L. M. Werbel,
and D. F, Worth, manuseript in preparation.
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of 2-(4,6-disulfo- 1,3,2 - benzodioxastibiol - 2 - yloxy) - 1-
phenol-3,5-disulfonic acid (XII) was prepared by com-
bining aqueous solutions of 3-[4-(2-diethylaminoethyl-
amino)-1-naphthylazo Jpyridine trihydrochloride and
stibophen.

NH (CHz)2N (C:Hs),
HO,S
‘O HO,S SO,H
’ 0, /0@ ¢
N:N’@ 1/2 o’S]D HO
N HOS
XII

Many of the intermediate heterocyeclic compounds are available
commercially.® Others were synthesized by known methods: 5-
aminobenzimidazole,” 5-amino-1,2-benzisothiazole,? 7-aminobenzo-
[f]lquinoline,® 3-amino-2,1,3-benzothiadiazole,!® 6-amino-2H-1,4-
benzothiazin-3(4H )one,!! 5-aminobenzotriazole,'? 3-aminodiben-
zofuran,'®* 2-aminodibenzothiophene,** 2-aminodibenzothio-
phene 5,5-dioxide,'%!® 5-amino-2,4-dimethoxypyrimidine,!” 8-
amino-5,6-dimethoxyquinoline,’® 3-amino-10-ethylphenothiazine
5,5-dioxide,'%!® 5-aminoisoquinoline,® 5-amino-8-methylquino-
line,?! 2-aminopyridine 1-oxide,?? and 1-thianthrenamine.142% XN-
(2-Diethylaminoethyl)-1,2,3,4-tetrahydroquinoline was prepared
by the alkylation of 1,2,3,4-tetrahydroquinoline with 2-diethyl-
aminoethyl chloride according to a modification of the procedure
described by Thyagarajan, et al.?!

The [4-(aminoalkylamino)-1-naphthylazo Jheterocy-
clic compounds described in the present communica-
tion were tested in mice against a Puerto Rican strain
of Schistosoma mansoni®*® by Dr. Paul E. Thompson
and co-workers of these Laboratories; when indicated,
expanded studies were carried out against S. mansoni
infections in the monkey.2?% Among the simple (4-
amino-1-naphthylazo)heterocyclic compounds described
previously,® significant antischistosome activity was
observed only with 5-(4-amino-1-naphthylazo)uracil
(I). In contrast, schistosomicidal activity is wide-
spread among the [4-(aminoalkylamino)-1-naphthyl-

(8) 4-Aminoantipyrine, 2-aminobenzothiazole, 5-amino-2,3-dihydro-1,4-
phthalazinedione, 3-aminoquinoline, 8-aminoquinoline, 3-aminouracil, 2-
aminothiazole, barbituric acid, 3-methyl-1-phenyl-2-pyrazolin-5-one, 8-
quinolinol, and 1,2,3,4-tetrahydroquinoline were purchased from Distillation
Products Industries, Rochester 3, N. Y.; 5-amino-2-butoxypyridine, 5-
amino-2-methoxypyridine, 3-aminopyridine, 6-aminoquinoline, and 2,6-
diaminopyridine from the Aldrich Chemical Co., Milwaukee, Wis.; 5-
aminoindazole and 6-aminoindazole from the Gallard—-Schlesinger Chemical
Co., Garden City, N. Y.; and 5-amino-2-chloropyridine from Reilly Coal
Tar Chemicals, Indianapolis, Ind.

(7) F. Zwilgmeyer, U. 8. Patent 2,336,664 (December 14, 1943).

(8) K. Fries, K. Eishold, and B, Vahlberg, Ann., 454, 264 (1927).

(9) W.J. Clem and C. 8. Hamilton, J. Am. Chem. Soc., 63, 2349 (1940),

(10) L. 8. Efros and R. M. Levit, J. Gen. Chem. USSR 2B, 183 (1955).

(11) A. Mackie and J. Raeburn, J. Chem. Soc., 787 (1952).

(12) K. Fries, H. Giiterbock, and H. Kihn, Ann., 511, 229 (1934).

(13) H. Gilman and 8. Avakian, J. Am. Chem. Soc., 68, 580 (1946).

(14) The authors are grateful to Professor Henry Gilman, Iowa State
University, for kindly supplying samples of these compounds.

(15) N. M. Cullinane, C. G. Davies, and G. 1. Davies, J. Chem. Soc., 1435
(1936).

(16) H. Gilman and J. ¥. Nobis, J. Am. Chem. Soc., 67, 1479 (1945).

(17} R. Urban and O. Schnider, Helv, Chim. Acta, 41, 1806 (1958).

(18) R. C. Elderfield, H. E. Mertel, R. T. Mitch, I. M. Wempen, and E.
Werble, J. Am. Chem. Soc., T7, 4816 (1955).

(19) H. Gilman, R. T. Ingham, J. F. Champaigne, Jr., J. W. Diehl, and
R. O. Ranck, J. Org. Chem., 19, 560 (1954).

(20) 3. J. Craig and W. E. Cass, J. Am. Chem. Soc., 64, 783 (1942).

(21) W. E. Blankenetein and J. D. Capps, ibid., 76, 3211 (1954).

(22) R. Adams and 8. Miyano, thid., 76 2785 (1954).

(23) H. Gilman and C. G. Stuckwisch, ibid., 66, 1461 (1943).

(24) G. Thyagarajan, G. S. Sidhu, and 8. H. Zaheer, Indian Patent 76,681
(March 17, 1962); Chem. Abstr., 87, 15081g (1962).

(25) For a description of test methods, see P. E. Thompson, J. E. Meisen-
helder, and H. Najarian, dm. J. Trop. Med. Hyy., 11, 31 (1962).
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azo Jheterocyelic compounds of structure III.2 Com-
pounds IV, VIII, XIe, XlIe, and XIII and compounds
5, 8, 12, 14, 15, 28, 29, 3841, 45, 52, and 54 (Tables
I-IV), which are representative of the more promising
members of the series, effected a 97-1009, reduction of
live schistosomes in mice at doses ranging from 85 to
750 mg./kg./day when administered in the diet for 14
days or by gavage for 10 days. It is noteworthy that
worms were completely eliminated from a markedly
higher percentage of the infected mice following ad-
ministration of the naphthylazo compounds than after
treatment with lucanthone hydrochloride,?# the
tris(p-aminophenyl)carbonium salts, % 4 4’'-(hepta-
methylenedioxy)dianiline dihydrochloride,?2® N-[5-(p-
aminophenoxy)pentyl Jphthalimide,* or 3-[4-(3-chloro-
p-tolyl)-1-piperazinylearbonyllacrylic acid®®' under
comparable experimental conditions. 5-[4-(2-Diethyl-
aminoethylamino)-1-naphthylazo Juracil (XIII) was se-
lected for expanded laboratory studies and for trial

NH(CHj3).N(C:Hs),

S G
TNOH
N=N N XIII

against schistosomiasis in man. Details of these
studies have been reported previously.?

Among compounds of structure I1I, activity is abol-
ished or drastically reduced when R; and/or R, repre-
sent hydrogen (compounds 1, 22, 27), when the second-
ary amine at position 1 is alkylated (9), or when a car-
bonyl group is substituted for the methylene group
adjacent to the terminal aliphatic amine (VI). 5-[2-
(2-Diethylaminoethylamino)-1-naphthylazo Juracil (V)
was devoid of activity, as were representative 4-azo-1-
(dialkylaminoalkyl)aniline derivatives.??

Experimental®®

Preparation of [4-(Aminoalkylamino)-1-naphthylazo]hetero«
cyclic Compounds (III) (Tables I-IV), Method I.—A solution
of 41.2 g. (0.325 mole) of 5-aminouracil®in 1 1. of 509}, ethanol and
85 ml. (1 mole) of concentrated hydrochloric acid was cooled to
0° and the amine diazotized by the slow, portionwise addition of
22.4 g. (0.325 mole) of sodium nitrite in 200 ml. of water. The
mixture was stirred at 0° for 15 min. and then added at 0-5°
to a solution of 78.7 g. (0.325 mole) of 1-(2-diethylaminoethyl-
amino)naphthalenet in 1 1. of 959, ethanol containing sufficient
concentrated hydrochloric acid to make the solution acidic to
Congo red. The deep purple solution initially formed changed
slowly to a green suspension as the hydrochloride salt gradually
precipitated. The suspension was stirred for 1 hr. at 0°, the
pH was adjusted to 8 by the addition of sodium hydroxide solu-
tion, and the red dye that precipitated was collected by filtration,
washed thoroughly with water, and dried. Crystallization of the

(26) W. Kikuth and R. Goénnert, Ann. Trop. Med. Parasitol., 42, 256
(1948).

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

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

(2y) R.F. Collins, M. Davis, N. D. Edge, and J. Hill, 7bid., 18, 238 (1958).

(30) R, F. Collins, M. Davis, N. D. Edge, J. Hill, H. W. Reading, and
E. R. Turnbull, 16id., 14, 467 (1959).

(31) G. Lammler, Z. Tropenmed. Parasitol., 9, 294 (1958).

(32) F. Mietzsch and J. Klarer, U. S. Patent 2,022,921 (December 3,
1935).

(33) Melting points are uncorrected. U. S. Bureau of Standards ther-
mometers were used. Melting points were taken on a Thomas-Hoover
capillary melting point apparatus. Many of the samples were no longer
available to supply corrected data at the timne this manuscript was submitted
for publication.
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erude product from ethanol-water afforded 5-[4-(2-diethyl-
aminoethylamino)-1-naphthylazoJuracil as bright red crystals,
m.p. 210-211°.

Method II.—A solution of 6.9 g. (0.1 mole) of sodium nitrite
in 200 ml. of water was added slowly at 0° with stirring to a solu-
tion of 9.3 g. (0.1 mole) of 3-aminopyridine® in 250 ml. of water
and 35 ml. of concentrated hydrochlorie acid.  Upon completion
of the diazotization, the diazonium salt solution was added at
0-3° to a solution of 27.2 g. (0.1 mole) of I-diethylamino-3-( 1~
naphthylamino)-2-propanol* in 1 1. of water containing 17 ml. of
concentrated hydrochloric acid and 300 ml, of 95, ethanol. A
deep red color formed immediately. After 3 hr., the reaction
mixture was made strongly alkaline with aqueous sodium hy-
droxide and the organic layer that separated was extructed with
chloroform.  The comibined chloroformi extracts were washed
thoroughly with water and dried over anhydrous sodiuin sulfate.
The dryving agent was collected by filtration, the chloroform was
removed in racuo, and the residue wus dissolved in ether and
treated with anhydrous hyvdrogen chloride.  The purple hyvdro-
chloride salt that separated was collected by filtration and erys-
tallized from an ethanol~ether mixture. After drving in racuo
for 48 hr. at 10°, the sample was allowed to equilibrate in the air.
The reddish brown I-diethylamino-3-[4-(3-pyridylazo)-1-naph-
thylamino |-2-propanol  trihydrochloride hemihvdrate thus ob-
tained melts at 154-157°.

Method III.—A solution of 5.0 g. (0.05 mole) of 2-aminothia-
zole® in 250 ml. of 507 sulfuric acid was cooled to —10° and
nitrosyl sulfurie acid (3.5 g. of sodium nitrite in 35 ml. of concen-
trated sulfuric acid) was slowly added, keeping the temperature
between —10 and —5°.  The resulting light brown solution was
stirred for 30 min., then added to a solution of 12,7 g. (0.05 mole) of
1-[2-(1-naphthylamino)ethyl Jpiperidine* in 250 ml. of 1077 sul-
furie acid. The solution became dark red. After stirring for 2
hr. at 0° to —10°, 1 L. of water was added, giving a purple solu-
tion.  Stirring was continued for 1 hr. and the mixture was made
alkaline with aqueous sodium hydroside with cooling, The
mixture was stirred for 24 hr. and the crude dyve was collected
by filtration and washed with copious amounts of water to remove
inorganie salts. The produet was dissolved in chloroform; the
chloroform solution was washed well with water, dried over
anhydrous potassium ecarbonate, and the solvent removed in
racuo.  The viscous residue was dissolved in acetone and pre-
cipitated by pouring the acetone solution into water. Upon
heating the suspension, & crystalline solid separated which was
collected by filtration and dried in racuo at 45°.  Cryvstallization
from an ethanol-water mixture gave 1-12-{4-(2-thiazolyvlazo)-1-
naphthylamino jethyl {piperidine as shimmering emerald green
crystals, m.p. 135-137°,

Method 1V.—A mixture of 4.4 g. (0.01 mole; of N-(2-bromo-
cthyl)-4-(3-dibenzofuranylazo)-1-naphthyvlamine (VID) and 50
ml. of piperidine was heated on the steam bath for 1 hr.  The red
solution was poured intn 1 1. of water and the product which pre-
cipitated was collected by filtration, washed thoroughly with
water, and dried in vacuo at 55° for 18 hr.  Crystallization from
acetone  gave the desired 1-}2-[4-(3-dibenzofuranylazoi-i-
naphthylaminolethyl piperidine as glistening red crystals, m.p.
164-165°.

Method V.—To a stirred solution of 9.75 g. (0.025 mole) of
N-(4-amino-l-naphthyl)-N-(2-diethylaminoethyvl)-2,2,2-trifluoro-
acetamide monohydrochloride’ in 90 g of water and ice
containing 4.5 ml  of concentrated hydrochloric acid  was
added 25 ml. of 3 sodium nitrite over a period of 5 min. The
mixture was stirred at 0° for 5 min. and was added immediately
to a solution of 2.8 g. (0.025 mole) of 2,6-diaminopyridine® in
5.5 ml of concentrated hydrochlorie acid and 275 g. of ice and
water.  After stirring for 1 hr. at 1-12° and 1 hr. at 12-18°, a
solution of & ml. of concentrated ammonium hydroxide diluted to
100 ml. with water was added and the orange solid which sep-
arated was collected, washed with 200 ml. of water containing
a few drops of eoncentrated ammonium hydroxide, and dried
in wvacuo. The crude N-[4-(2,6-diamino-3-pyridviazo)-1-naph-
thyl]-N-{2-diethyvlaminoethyl)-2,2,2-trifluoroacetamide (12.0 g.,
(L0235 mole) wag dissolved in 250 ml. of 2-propanol, filtered, and
the filtrate was treated with 25 ml. (0,050 mole) of 2 .V sodium
hydroxide solution in methanol containing 5 il of water.  Ntir-
ring was continued for 25 hr., after which time excess Dry Tce
wus ndded and the misture was diluted with ice water to a volume
of 1L The precipitate was collected and the filtrate concen-
trated to a volume of approximately 400 ml., during which process
a precipitate appeared. It was collected by filtration and com-

Vol 6

bined with the previous crop. The combined solids were dis-
solved in 300 ml. of 2-propanol, filtered, and the filtrafe was con-
centrated to 250 ml and treated with 12 ml of & 2 N 2-propanol

hydrogen chloride mixture.  The precipitate was collected wnd
crvstallized from o dimethylformamide-2-propanol mixtere o
give 2 6-dinmino-3- 140 2-diethylaminoethylamino = F-naphthyl-
azolpyridine monohydrochloride as black ervstals, nop. 23107
dee,

Method VI.-N-(4-Aniino-1T-naphthyl=-N-( 2-diethy lamino-
ethyl)-2,2. 2-trifluoroncetanide  monohydrochloride®  (9.75 g,
0L025 mole) was dinzotized according to the procedure desceribed
under method Voo To this cold diazoninum salt sohition was then
added 100 g, of ice, followed by the slow addition of & warin
solution of 3.2 £, 10.025 mole) of barbituric aeid® in 4.2 mil (0.025
mole) of 6 N aqueons sodium hydroxide, 2.1 g 10025 moley of
sodium bicarbonate and 200 ml of water.  The resulting golden
orange suspension wus stirred for 1 hreo at 07, 0 mixtiee of 23 ol
{0,025 mole of W sodium biearbonate wnd 42 ml (0.025 males of
6 N aqueous sodinm hvdroxide was added, and the misxture was
afllowed to warn slowly to room temperature,  Stirring was con-
tinued for 45 hr. and the brown gelatinous preeipitate was cols
lected by filtration. Tt was resuspended in water. stirred for Is
hr., and treated with an excess of Dry lee. The suspended solid
was collected, washed with water, and dried.  Crystallization
from an ethanol-dimethyiformamide mixture afforded the de-
sired  5-[4-( 2-diethyLhuninoethylaming - L-naphthvhazo harbiturie
aeid as reddish black erystals, m.p. 200-213°,

2-14-[3-Dimethylamino-2-methylpropyljamino|-1-naphthyi-
azoipyridine 1-Oxide (IV).-—To a solution of 7.33 g. (0.05 mole; of
2-aminopyridine 1-oxide monohydrocehloride®? in 300 ml. of water
containing 13 ml 20,15 molel of concentrated hydrochlorie acid
was added at 0° o solution of 3.5 g. (0,05 mole) of sodium nitrite
in 30 mi. of water. The misture was stirred at 09 {or 0.5 hro and
added portionwise to a solution of 12,1 g (0.05 moley of N,N-di-
ethyl-2-methyl-N7-T-naphthyl-1,3-propanediaminet in 200 mb of
095, ethanol while maintaining the tenperature between —5a
and 5° by external cooling,  After 0.5 hr., the reaction mixture
was diluted with water to s volume of 3 L, made strongly alkaline
with concentrated sodium hydroxide, and the olly precipitute
that separated was extracted with several portions of chloroform,
The cotbined chloroform extracts were washed with water, dried
over anhydrous potassiun carbonate, and evaporated to dryness
i racuo on the steam hath, The residue was ervstallized from
s methanol acetonitrile misture to give 4.6 g (23,1 of green-
black irridescent ervstals, nup. 1851867 dee.

Anal, Caled. for CoyHLNO: C0 69400 H, 6,93 N,
Found: ¢, 6971 H. 691 N, 142},

5-]2-(2-Diethylaminoethylamino)-1-naphthylazo]uracil (V:.
S-Aminouraeil® (9.6 g, .0752 mole) was diazotized and coupled
with 1820 g (00,0752 moley of 2-02-diethylaminoethylamino
naphthulene  acenrding to the procedure degeribed under method
I. Theproduet (Vi was obtained as red ervstals from dimethyl-
formamide- water, nup. 227-228°% vield, 15.0 g (537 ).

Anal. Caled. for CuHoNaOs: O 63,14 H, 6.36: N, 22.00.
Found: € 63.20; H,6.23: N, 22.03.

N,N-Diethyl-2-[4-( 3-quinolylazo)~1-naphthylamino]acetamide
{VI1,—3-Aminoquinoline (2,42 g.. 0.0168 mole® was diazotized
ardd coupled with 130 g 10.016%8 mole) of N, N-diethyl-2-( 1-
naphthylamino peetamide according to method I The product
erystullized from ethanol as red needles, 1.6 g (6777, mup. 167
1697,

Anal. Cualed. for CopHa NG00 O 72070
Found: ,72.86; H, 6.10; N, 17.01.

N-(2-Bromoethyl;-4-( 3-dibenzofuranylazo)-1-naphthylamine
(¥VII;.—-A suspension of 18.3 g (0.1 mole) of 3-aminodibenzo-
furan® in 1 1 of water containing 35 ml (0.3 mole) of 487,
aqueots hydrogen bromide was cooled to 0° and to it was added
slowly a solution of 6.0 g. (0.1 mole) of sodium nitrite in 50 mi. of
water while maintaining the temperature at 0-5°.  The resulting
vellow suspension was stirred at 0° for 0.5 hr. and was poured’ with
vigorous stirring into a solution of 33.1 g. (0.1 mole) of N-(2-
bromoethyl)-T-naphthylamine hyvdrobromides in 300 ml. of water.
The thick purple suspension thus obtained was stitred for 2 he
at room temperature and the solid was collected and dried 7o
racuy at 55° for 18 br. The hydrobromide sult was converted
to the buse by grinding in a mortar with a mixture of coneentrated
sodinm hydroside solution and acetone, the base was extracted
with chiloroform. und the red chiloroform solution was dried over

127,

H, 6.2 N, 1702
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anhydrous potassium carbonate. The drying agent was removed
by filtration, the chloroform filtrate was evaporated to dryness
in vacuo, and the residue was crystallized from chloroform. The
material (VII) thus obtained weighed 21.0 g. (489), m.p. 157—
158°.

Anal. Caled. for CoHisBrN;O: C, 64.87; H, 4.08; Br, 17.99.
Found: C, 64.86; H,4.13; Br, 17.74.

N-(2-Chloroethyl)-4-(3-dibenzofuranylazo)-1-naphthylamine.

—A suspension of 18.3 g. (0.1 mole) of 3-aminodibenzofuran!? in
a mixture of 200 ml. of water and 25 ml. of concentrated hydro-
chloric acid was cooled to 0° and diazotized by the addition of a
solution of 6.9 g. (0.1 mole) of sodium nitrite in 50 ml. of water
while maintaining the temperature at 0-5°. The yellow solution
thus obtained was added slowly at 5-10° to a solution of 33.1 g.
(0.1 mole) of 1-(2-bromoethyl)aminonaphthalene hydrobromidet
in 1 1. of 959 ethanol containing 20 ml. of concentrated hydro-
chloric acid. The thick, purple reaction mixture was diluted
with water to a volume of 3 1. and stirred for 3 hr. at 0-15°.
The precipitate was collected, washed thoroughly with hot dilute
hydrochlorie acid, and dried in vacuo at 65° for 48 hr.; yield, 41
g. The crude salt was suspended in dilute sodium hydroxide
solution, the base was extracted with chloroform, and the chloro-
form extracts were dried over anhydrous potassium carbonate.
The drying agent was collected, the chloroform was removed
in vacuo, and the residue was crystallized three times from chloro-
form. The product was obtained as orange-red needles, m.p.
170-171°.

Anal. Caled. for CHisCIN:O: C, 72.09; H, 4.54; Cl, 8.87.
Found: C.71.89; H, 4.74; Cl, 8.95.

1-(2-Diethylaminoethyl)-6-[4-(2-diethylaminoethylamino)-1-

naphthylazo]-1,2,3,4-tetrahydroquinoline Dihydrochioride (XI d).
—Utilizing method V, 11.7 g. (0.03 mole) of N-(4-amino-1-
naphthyl)- N - (2 - diethylaminoethyl) - 2,2,2 - trifluoroacetamide
monohydrochloride® was diazotized and coupled with 7.0 g.
(0.03 mole) of N-(2-diethylaminoethyl)-1,2,3,4-tetrahydroquin-
oline. Hydrolysis of the crude trifluoroacetamide gave 4.0 g.
(239, over-all) of product as maroon crystals, m.p. 195-198.5°.

Anal. Caled. for CyHuNg-2HCL: C, 64.90; H, 8.08; N
14.65; Cl, 12.36. Found: C, 64.42; H, 8.20; N, 14.53; Cl,
12.27.

N-(2-Diethylaminoethyl)-1,2,3,4-tetrahydroquinoline.—A mix-
ture of 111.0 g. (0.834 mole) of 1,2,3,4-tetrahydroquinoline,®
143.5 g. (0.834 mole) of 2-diethylaminoethyl chloride hydrochlo-
ride, 230 g. (1.67 mole) of anhydrous potassium carbonate, and
800 ml. of toluene was boiled under reflux for 17 hr. Upon cool-
ing, the reaction mixture was stirred with 109 aqueous sodium
hydroxide solution, the organic layer was separated, and the
aqueous layer was extracted with ether. The hydrocarbon and
ether solutions were combined, washed with water, and dried
over anhydrous potassium carbonate. Volatile materials were
removed on a steam bath and the residue was distilled in vacuo
through a 30-cm. Vigreux column. The product was obtained
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as a pale yellow oil, b.p. 98-103° (0.2 mm1.), n%p 1.5411; yield,
56 g. (299,).

Anal. Caled. for C:HauNe: C, 77.53; H, 10.41; N, 12.06.
Found: C,77.61; H,10.47; N,12.24.

N,N-Diethyl-2-(1-naphthylamino)acetamide.—To a suspension
of 16.1 g. (0.33 mole) of 509, sodium hydride dispersion in oil in
200 ml. of toluene was added a solution of 47.8 g. (0.33 mole) of
1-naphthylamine in 200 ml. of toluene. The mixture was heated
under reflux for 2 hr., during which time a solid separated. The
mixture was cooled to room temperature and to it was added a
solution of 50 g. (0.33 mole) of N,N-diethylchloroacetamide in
200 ml. of toluene. The mixture was heated under reflux for 21
hr. and cooled. Water was added cautiously, and the organic
layer was separated and dried over sodium sulfate. Volatile
materials were removed ¢n vacuo on a steam bath and the residue
was distilled under high vacuum through a 15-cm. Vigreux col-
umn. A majority of the distillate was low boiling and appeared
to be unreacted 1-naphthylamine. A high boiling fraction weigh-
ing 7.5 g., b.p. 188-190° (0.3 mm. ), was obtained which solidified
in the receiver. Crystallization from ethanol gave 4.3 g. (59%)
of colorless plates, m.p. 92-98°.

Anal. Caled. for CisHxoN.O: C, 74.96; H, 7.86; N, 10.93.
Found: C,75.17; H,7.79; N, 11.04.

3-[4-(2-Diethylaminoethylamino)-1-naphthylazo]pyridine Salt
with1/2 F. Wt. 2-(4,6-Disulfo-1,3,2-benzodioxastibiol-2-yloxy)-1-
phenol-3,5-disulfonic Acid (XII).—A solution of 2.57 g. (0.005
mole) of 3-[4-(2-diethylaminoethylamino)-1-naphthylazo]pyri-
dine trihydrochloride-3.25 hydrate in 20 ml. of water was added
with stirring to a solution of 2.71 g. (0.003 mole) of stibophen in
30 ml. of water. A dark-colored oil separated. The supernatant
liquid was decanted and the residue was triturated with meth-
anol, whereupon the salt solidified. The salt was collected,
washed with methanol, and dried in vacuo at 60° for 18 hr.;
weight, 2.85 g. (839 ), m.p. > 200°.

Anal. Caled. for CQ1H25N5'0.5 C12HgolsS4SbZ N, 1032, S,
9.45. Found: N, 10.10; S, 9.01.
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A novel .CL‘:.{SS. of I\'.-substituted 6-aminopenicillanic acid derivatives exhibiting noteworthy inhibitory action
against antibiotic-resistant strains of Staphylococcus aureus and a high degree of inertness toward penicillinase

has been synthesized by the reaction of 6-aminopenicillanic acid with organophosphorus chlorides.

This class

consists of phosphinylaminopenicillanic acids (I, X = O) and phosphinothioylaminopenicillanic acids (I, X =
S). In general, I with aryloxy groups attached to phosphorus are slightly more active in vitro against sensitive
and resistant staphylocoeci than those with alkoxy groups on phosphorus, while the latter type of compounds
are more effective 4n vivo in protecting mice against resistant staphylococcal infections.

An objective in the screening program of semisyn-
thetic N-substituted 6-aminopenicillanic acids is the
(1) Presented in part at the 144th National Meeting of the American

Chemical Society, Division of Medicinal Chemistry, Los Angeles, California,
April, 1963.

discovery of compounds which are effective against
antibiotic-resistant strains of Staphylococcus aureus.
The reaction of 6-aminopenicillanic acid (6-APA) with
organophosphorus chlorides affords a novel series of



