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

A majority of the [4- (aminoalky1amino)- l-naphthyl- 
azo ]heterocyclic compounds (111, where R, R1, and 
R2 represent a hydrogen atom or an alkyl group, Y an 
alkylene radical, X a hydrngen or halogen atom or 
alkoxy group, and Het a heterocyclic radical) were pre- 
pared by coupling a diazotized heterocyclic amine with 

f -  

fHet-N,A + 
v V 
A 

I1 

A 
N=N-Het 

I11 

the appropriate 1- (aminoalkyl)naphthylamine4 (11) 
(methods 1-111). These azo compounds are sum- 
marized in Tables I-IT'. In  addition, the coupling of 
diazotized 2-aminopyridine 1-oxide with N,K,2-tri- 
me thyl-5 '- 1 -naphthyl- lf3-propanediamine and diazo- 
tized 5-aminouracil with 2-(2-diethylaminoethylamiiio)- 
naphthalene afforded 2- (4- [(3-dimethylamino-2-methyl- 
propyl)amino]-1-naphthylazo pyridine 1-oxide (IV) and 
5- [2-(2-diethylaminoethylamino)-l-naphthylazo ] -uracil 
(V), respectively. Diazotized 3-aminoquinoline was 
coupled with K,K-diethyl-2-(l-naphthylamino)acet- 
amide to give ;?;,N-diethyl-2- [4-(3-quinolylazo)-l-naph- 
thylamino ]acetamide (VI). 

NHCH&HCHBCHPN(CH,)2 

N=N 
I 
I 

0- 
IV THCH2CON(C2H5), V 

I 
I 

N = N W  

VI 

Several alternate routes for the preparation of the 
heterocyclic azo compounds (111) were examined, 
including the condensation of a I2--(~haloalkyl)-P 
(heterocyc1icazo)-1-naphthylamine with an amine. 
Thus, condensation of K-(2-bromoethyl)-4-(3-dibenzo- 
furany1azo)-1-naphthylamine (VII) with excess piperi- 
dine gave 1- (2- [4-(3-dibenzofuranylazo)-l-naphthyl- 
aminolethy1 1 piperidine (VIII) in 82% yield (Table 
IV, method IV). The intermediate VI1 was prepared 

(4) L. h1. Werbel, D. B. Capps, E. F. Elslager, W. Pearlman. F. W 
Short. E. A. Weinstein, and D. F. Worth, J .  M e d .  Chem. 6,  637 (1963)., 

N H ( C H Z ) ~ B ~  N H ( C H ~ ) ~ N ~  

"(CHds, @ 
N=N / 

Q+ 
\ gJJ \ / N=NTro 

VI11 VI1 

by allowing diazotized 3-aminodibenzofuraii to react 
tvith 1-(2-bromoethyl)aminonaphthalene hydrobro- 
mide4 in dilute hydrobromic acid. When the coupling 
reaction was carried out in hydrochloric acid, 5-(2- 
chloroethyl)-4-(3-dibenzofuranylazo) - 1 -naphthylamine 
n 7 a ~  obtained. 

A third route employed in the synthesis of the 
[4-(aminoalkylamino)-l-naphthylazo]heterocyclic com- 
pounds involved the coupling of diazotized -?\'-(4-amiiio-l- 
naphthyl)-N-(2-diethylaminoethyl) -2,2,2 - trifluoroacet- 
amide monohydrochloride (IX)5 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- (methods V and VI) gave 4-[4-(2-diethylamino- 
ethylamino) - 1-naphthylazo 1-3-methyl- 1-phenyl-2-pyra- 
zolin-5-one (XIa) , 2,6-diamino-3- [4-(2-diethylamino- 
ethy1amino)-1-naphthylazo ]pyridine (XIb), 5- [4-(2-di- 
ethylaminoethy1amiiio)-1-naphthylazolbarbituric acid 
(XIc) , 1- (2-diet hylaminoe t hyl) -6- [4- (2-diet hylamino- 
ethylamino) - 1-naphthylazol- 1,2,3,4-tetrahydroquino- 
line (XId), and 5- [4-(2-diethylaminoethylamino)-l- 
naphthylazo ]-8-quinolinol (XIe) , respectively (Tables 
I-IV) . 

I 
N=N-Het 

IX 

where Het represents 

OH/ X 

N=N-Het 

XI 

An insoluble 3- [4-(2-diethylaminoethylamino)-l- 
naphthylazo ]pyridine salt with one-half formula weight 

( 5 )  E. F. Elslager, D. B. Capps, D. H. Kurtz,  F. N'. Short, L 31. Werbel, 
and D. F. Worth, manuscript 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-naphthylazolpyridine trihydrochloride and 
stibophen. 

NH(CH2)zN(CJL)z 

I 

,=,Q 
Many of the intermediate heterocyclic compounds are available 

commercially.6 Others were synthesized by known methods: 5- 
aminoben~imidazole,~ 5-aniino- 1,2-benzisothiazole,8 7-aminobenzo- 
[ f ]q~inol ine ,~  5-amino-2,1,3-benz0thiadiazole,~~ 6-amino-2H-1,4- 
benzothiazin-3( 4H)one,11 5-aniinobenzotriazole,12 3-aminodiben- 
z o f ~ r a n , l ~ * ' ~  2-aminodiben~othiophene,~~,~~ 2-aminodibenzothio- 
phene 5,5-dioxide,'"16 5-arnin0-2,4-dimethoxypyrimidine,~~ 8- 
amino-5,6-dimethoxyquinoline,18 3-amino-10-ethylphenothiazine 
5,5-dioxide, 4, 5-aminoisoquinoline, 2o 5-amino-8-methylquino- 
line,21 2-aminopyridine 1-oxide,** and l-thianthrenamine.14g23 S- 
(2-Diethylaminoethyl)-l,2,3,4-tetrahydroquinoline was prepared 
by the alkylation of 1,2,3,4-tetrahydroquinoline with %diethyl- 
aminoethyl chloride according to a modification of the procedure 
described by Thyagarajan, et  a1.24 

[4- (aminoalkylamino) - 1-naphthylazo jheterocy- 
clic compounds described in the present communica- 
t i m  were tested in mice against a Puerto Rican strain 
of Schistosoma mansoni2 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 25 ilmong the simple (4- 
amino-1-naphthylazo) heterocyclic compounds described 
previously13 significant antischistosome activity was 
observed only with 5-(4-amino-l-naphthylazo)uracil 
(I). In contrast, schistosomicidal activity is wide- 
spread among the [4- (aminoalkylamino) - 1 -naphthyl- 

The 

(6) 4-.kminoantipyrine, 2-aminobenzothiazole, 6-aniino-2,3-dihydr0-1,4- 
phthalazinedione, 3-aminoquinoline, 8-aminoquinoline, 5-aminouracil, 2-  
aminothiazole, barbituric acid, 3-methyl-l-phenyl-2-pyrazolin-5-one, 8- 
quinolinol, and 1,2,3.4-tetrahydrosuinoline were purchased from Distillation 
Products Industries, Rochester 3, K. Y.; j-ainino-2-butoxypyridine, 5- 
amino-2-met.hoxypyridine. 3-aminopyridine, 6-aminoquinoline, and 2.6- 
diaminopyridine from the Aldrieh Chemical Co., .Milwaukee, Wis.; 5- 
aminoindazole and 6-aminoindazole from the Gallard-Ychlesinger Chemical 
Co., Garden City, N. Y . :  and .5-amino-2-chloropyridine from Reilly Coal 
T a r  Chemicals, Indianapolis, Ind. 

(7) F. Zwilgmeyer, U. S. Patent 2,336,684 (December 14, 1943). 
(8 )  K. Fries, K. Eishold, and  B. Vahlberg, Ann., 464, 264 (1927). 
(9) W. J. Clem and C. S. Hamilton, J .  -4m. Chem. Soc., 62, 2349 (1940). 
(10) L. S. Efros and R. M. Levit, J .  Gen. Chem. V S S R  26, 183 (1955). 
(11) A .  hfackie and J. Raeburn, J .  Ckcm. Sot.., 787 (1952). 
(12) I<. Fries, H. Guterbock, and H.  Kiihn, Ann. ,  611, 229 (1934). 
(13) H. Gilman and 9. Arakian, J .  A m .  Ckem. Soc.,  68,  580 (1946). 
(14) The authors are grateful to  Professor Henry Oilman, Iowa Sta te  

University, for kindly supplying samples oi these compounds. 
(15) N. &I. Cullinane, C. G. Davies, and G. I .  Davies, J .  Chem. Soc.. 1435 

(1936). 
(16) H. Gilman and J. F. Nobis. J .  Am,. Chem. Soc., 67,  1479 (1945). 
(17) R. Urban and 0. Jchnider, H ~ l n .  Chim. Acta.  41, 1806 (1968). 
(18) R.  C. Elderfield. H. E. Mertel, R. T .  h l i t c h  I. M. Wempen, and E. 

(19) 11. Gilman, R. T. Inphani, J. F. Champaipne, .Jr.. J. W. Diehl, and 

(20) J. J. Craig a n d  W. E. Cass, J .  A m .  Chem. SOC., 64 ,  783 (1942). 
(21) W. E. Blankenrtein and . J .  D. Capl,s, i b i d . ,  1 6 ,  3211 (1954). 
(22)  R.  ad am^ and S. Miyano, ibid., 76 2785 (19.54). 
(23)  H. Gilman and C. G. Stuckwisrh, ib id . ,  66, 1461 (1913). 
(24 )  G .  Thyagarajan. G. P. Sidhu, and S. H. Zaheer, Indian Patent 76,681 

( 2 5 )  For a description of test methods. see P. E .  Thompson, J. E, RIeiaen- 

Werble, J .  4 m .  Chcm. Suc. .  77, 4810 (1965). 

R. 0. Ranck, J .  Ory. Chem., 19, 560 (1954). 

(hlarcli 17, 1962); Chem. A b s f r . ,  67, 15081g (1862). 

helder, and H. Sajarian,  Am.  J .  T r o p .  M e d .  H s v . ,  11, 31 (1962). 

azo]heterocyclic compounds of structure IIL2 Com- 
pounds IV, VIII, XIc, XIe, and XI11 and compounds 
5, 8, 12, 14, 15, 28, 29, 38-41, 45, 52,  and 54 (Tables 
I-IV), which are representative of the more promising 
members of the series, effected a 97-100Oj, reduction of 
live schistosomes in mice a t  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 lucaiithone hydrochloride, 2B 26 the 
tris(p-aminopheny1)carbonium 27 4,4'-(hepta- 
me thylenedioxy ) dianiline dihydrochloride, 28,2 K- [ 5- ( p -  
aminophenoxy)pentyl]phthalimide,30 or 3- [4-(3-chloro- 
p -  tolyl j - 1 -piperazinylcarbonyl ]acrylic acid * under 
comparable experimental conditions. 5- [4-(2-Diethyl- 
aminoethy1amino)-1-naphthylazoluracil (XI11 j was se- 
lected for expanded laboratory studies and for trial 

N H  (CHdd'J (CzH5)z 
I 

S-Q H o T N + O H  
N=N*N XI11 

against schistosomiasis in man. Details of these 
studies have been reported previously.2 

Among compounds of structure 111, activity is abol- 
ished or drastically reduced when R1 and/or Rz repre- 
sent hydrogen (compounds 1,22, 27), when the second- 
ary amine a t  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-Diet hylaminoet hylamino) - 1 -napht hylazo ]uracil (V) 
was devoid of activity, as were representative 4-azo-l- 
(dialkylaminoalky1)aniline derivati~es.3~ 

Experimen tal3 
Preparation of [4-(Aminoalkylamino)-l-naphthylazo]hetero~ 

cyclic Compounds (111) (Tables I-IV). Method 1.-A solution 
of 41.2 g. (0.325 mole) of 5-aminouraci16 in 11. of 50%;. ethanol and 
S5 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 waa 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-diethylarninoethyl- 
amino)naphthalene4 in 1 1. of 95% 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 O", 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. Iiikuth and R .  Gonnert, A n n .  T r o p .  .%led. Paraaitol., 42, 256 
(1948). 

(27) E .  F. Elslager, r. W. Short, D. F. Worth. J. E. hIeisenhelder, H. 
h-ajarian, and P. E. Thonipaon, .Vatwe. 190, 628 (1961). 

(28) C. G. Raison and 0. D.  Standen, Brit. J .  Pharmacol., 10, 191 (1955). 
(2%) R. F. Collins. hl. Davis, N. D. Edge, and J. Hill, ibid., 13, 238 (1958). 
(30)  R .  F. Collins, RI.  Davis, N. D. Edge, J. Hill, H. W. Reading, a n d  

(31) G. Limmler,  Z. Tvopenmed. Parasifol., 9, 294 (1958). 
( 3 2 )  F. hIietzsch and . J .  Klarer, U. S. Patent 2,022,921 (December 3, 

1 9 x 9 .  
( 3 3 )  Melting points are uncorrected. U. S. Bureau of Standards ther- 

mometers were used. Melting points were taken on a Thomas-Hoover 
capillary mrlting point apparatus. Many of the samples were no longer 
available to supply corrected da ta  a t  the tiine this nianuscript was submitted 
for publication. 

E. R .  Turnbull, ibid., 14, 467 (1959). 
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anhydrous potassium carbonate. The drying agent was removed 
by filtration, the chloroform filtrate was evaporated to dryness 
7n vacuo, and the residue was crystallized from chloroform. The 
material (VII)  thus obtained weighed 21.0 g. (48YC), m.p. 157- 
1.58". 

Calcd. for C24H,8BrS30: C, 64.87; H, 4.08; Br, 17.99. 
Found: C,  64.86; H,4.13; Br, 17.74. 

N-( 2-Chloroethyl) -44 3-dibenzofuranylazo) -1 -naphthylamine. 
-A suspension of 18.3 g. (0.1 mole) of 3-aniinodibenzofuran13 in 
:I 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 a t  0-5'. The yellow solution 
thus obtained was added slowly a t  5-10" to a solution of 33.1 g. 
(0.1 mole) of I-(  2-bromoethy1)aminonaphthalene hydrobromide4 
in 1 1. of ethanol containing 20 ml. of concentrated hydro- 
c~hloric acid. The thick, purple reaction mixture was diluted 
with w:tter to a volume of 3 I. and stirred for 3 hr. a t  0-15'. 
The preripitate was collected, washed thoroughly with hot dilute 
hydrochloric acid, and dried in 2iucuo a t  6.5' 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 
zn vacuo, and the residue was crystallized three times from chloro- 
form. The product was obtained as orange-red needles, n1.p. 

Anal .  Cnlcd. for C24H18C1S10: C, 72.09; H, 4.54; C1, 8.87. 
Found: C. 71.89; H,4.71; C1, 8.95. 

1-( 2-Diethylaminoethyl)-6- [4-( 2-diethylaminoethylamino)-l- 
naphthylazo] -1,2,3,4-tetrahydroq~inoline Dihydrochloride (XI d). 
--Utilizing method i7. 11.7 g. (0.03 mole) of K-(4-amino-l- 
naphthyl) - S - ( 2  - diethylaminoethyl) - 2,2,2 - trifluoroacetamide 
monohydrochloride6 was diazotized and coupled with 7.0 g. 
(0.03 mole) of h'-(2-di~tliylaniinoethyl)-1,2,3,~-tetrahydroquin- 
trlinP. Hydrolysis of the crude trifluoroaretamide gave 4.0 g. 
(237, over-all) of product as maroon rrystals, m.p. 195-198.5°. 

Anal .  Calcd. for CdIHa4Xs.2HC1: C, 64.90; H, 8.08; K 
14 65; C1, 12.36. Found: C, 64.42; H, 8.20; iK, 14.53; C1, 
12.27. 

,4naI. 

170-171". 

N-( 2-Diethylaminoethyl)-1,2,3,4-tetrahydroquinoline.-A mix- 
ture of 11 1.0 g. (0.834 mole) of 1,2,3,4-tetrahydroquinoline,6 
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 a a s  stirred with l O 7 c  aqueous sodium 
hydroxide soliltion, the organic layer vas  separated, and the 
aqueous layer mas 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 tlie residue was distilled in vacuo 
through a 30-cm. Vigreux column. The product was obtained 

as a pale yellow oil, b.p. 08-103" (0.2 nim.), nZ5D 1.5411; yield, 

Anal .  Calcd. for C I I H ~ ~ S Z :  C, 77.53; H, 10 41; K, 12.06. 
Found: C,77.61; H, 10.47; ?;, 12.24. 

N,N-Diethyl-2-( 1-naphthy1amino)acetamide.-To a suspension 
of 16.1 g. (0.33 mole) of 50% 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 S,lj-diethylchloroacetamide in 
200 ml. of toluene. The mixture a a s  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 zn vacuo on a steam bath and the residue 
was distilled under high vacuum through a 15-cin. Vigreux rol- 
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 nim.), was obtained which solidified 
in tlie receiver. Crystallization fiom ethanol gave 4 3 g. (5%) 
of colorless plates, m.p. 92-98". 

Anal. Calrd. for C I ~ H ~ ~ O :  c, 74.96; H,  7.86; X, 10 93. 
Found: C,75.17; H,7.79; N, 11.04. 
3-[4-(2-Diethylaminoethylamino)-l-naphthylazo]pyridine Salt 

with 1/2 F. Wt. 2-(4,6-Disulfo-1,3,2-benzodioxastibiol-2-yloxy)-l- 
phenol-3,5-disulfonic Acid (XiI).-A solution of 2.57 g. (0.005 
mole) of 3-[4-(2-diethylaminoethylamino)-l-naphthylazo]pyri- 
dine trih~drochloride.3.2j 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 ~n z'acuo a t  GO" for 18 hr.; 
weight, 2.83 g. (837,), m.p. > 200". 

Anal. Calcd. for C21H&~.0.5 C ~ H ~ 0 1 6 8 & b :  N, 10.32; S, 
9.45. Found: N,  10.10; S,9.01. 

56 g. (29Yc). 
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Preparation and Antibiotic Properties of Some Phosphinylaminopenicillanic 
Acids and Phosphinothioylaminopenicillanic Acids' 

B. I<. KOE, T. A. SETO, A. R. ESGLISH, AND T. J. JICBRIDE 

Medical Research Laboratories, Chus. Pjizer and Co., Znc., Groton, Conn. 

Received dIay  27, 1063 

A novel class of S-substituted 6-aminopenicillanic acid derivatives exhibiting noteworthy inhibitory action 
against antibiotic-resistant strains of Staphylococcus nureus 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 = 0 )  and phosphinothioylaminopenicillanic acids (I, X = 
S). I n  general, I with aryloxy groups attached to phosphorus are slightly more active in vitro against sensitive 
and resistant staphylococci than those with alkoxy groups on phosphorus, while the latter type of compounds 
are more effective in vivo in protecting mice against resistant staphylococcal infections. 

objective in the screening program of semisyn- 
thetic N-substituted 6-aminopenicillanic acids is the 

discovery of compounds which are effective against 
antibiotic-resistallt strains of StaphylococczLs auTeus. 

~I 

(1) Presented in par t  a t  the 144th h'ational hIeeting of the American 
Chemical Society, Division of Medicinal Chemistry, Los Angeles, California. 

The reaction of 6-aminopenicillanic acid (6-24LipA4) mith 
April, 1963. organophosphorus chlorides affords a novel series of 


