
was treated xvith glacial acet,ic acid (250 mi.). The resulting 
precipitat'e (35 g.) was washed with a ly0 acetic acid solut,ion 
and then recrystallized successively froin met,hylene chloride 
and absolute ether; m.p. 143-146". 

Anal. Calcd. for C,2H,7N07: C, 71.49: H ,  5.06:  S,  2,.tiO. 
Found: C, 71.44: H, 5.32;  X, 2.61. 
p-(4-BenzoyloxyphenyI)serine Ethyl Ester Hydrochloride 

Monohydrate. --N -4- Renzoylosybenzylidene-B - (4- benzoylos\,- 
pheny1)serine ethyl ester (5.0 g. j w:ts treitted with dry hydrogen 
c,hloride in :i 1 : 1 mixture of methylene chloride-ethyl ether f 100 
nil.). The resulting hydrochloride i\ rt~c~ysta1lize.d .i tin1r.a 
l'roni w:iter; yield, 1 . 0  g.: m.p. 135. I:( 

.1 no / .  C*:ilid. for  ClSH2~CIXO6: C', .:42: 11,.-1.77: X,:3,i i4. 
Found: (', 3j.61: H? !5, 

Pharmacological Test. \$-ere tre:itrd \\.it11 :I 
0.1'; solution of thiouracil in their drinking n.nter for 10 daj.a. 
('oiicorniiiitently they were dosed with varying amounts of 1.- 

triiodothyronine to show the effect of t,he hormone on the develop- 
ment of the goiters. The test cwnipounds were administered t o  
groups of animals along with triiodothyronine (different sites of  
injection to prevent physical mixing) in a ratio of  100 parts ~ r f  
test compound to  1 part of triiodothyronine. After I O  days of 
trea.tnient the aninials were sarrificaed and the thyroid glands 
tverc removed and weighed. .\ninials receiving s:ilinr or 0.1 

Synthetic Schistosomicides. 111. 5-(l-Amino-l-naphthylazo)uracil 
and Related Heterocyclic Azo compounds' 

h'espnrch LaboraforLes, Parke, D a t u  and C'onipany, .Lim .Irbor, l fzchzgatj  

Receited January  11, 198,: 

A variety of 4-amino-1-naplit 11) Iazolieteroq clic c*onipoundu and 8-miino-5-( heteroc~clicazo)quinoline derivn- 
tives have been prepared by allowing a diazotized heteroc) clic amine to react with the appropriate l-naphthyl- 
:imine or 8-aminoquinoline precursor or by coupling 4-acetarnido-1-naphthalenediazonium chloride a i t h  a sub- 
stituted p j  rimidinol followed by acid hydrolj sis. 5-(4-Amino-l-naphthylazo)uracil (ASV)  was highly active 
:Lgainst experimental Schzstosoma niansonz infections in t h e  mouse, hamster, and monke) . 

()ver half a century ago, Elirlith demonstrated that 
the cotton substantive azo dye Trypail Red (I) wab 
rapahle of qteriliziig 7'ri/pano.sown ~quinum infertioiii 

Na03S NH:! H2K SO&a 

S03Na 

Na03S I S03Na 

in the mouse when administered in a single subcutane- 
ous dose 23 hr. before the death of untreated controls.? 
Subsequent researches with literally thousands of azo 
rierixratives hare demonstrated that certain specific. 
structures among this large class of compounds not only 
possess antitrypanosomal acetivity but also possess 
antibacterial, antimalarial, antiviral, antifungal, and 
antihaemorrhagic proper tie^.^ Sotable among the azo 
coonipounds wed as medicinals during this era are 
rhloroazodin, 3,5-dianiiiio-2-[4'-(sulfamylpheiiyl)azo]- 
benzoic, acid, 3-o-tolylazo-o-diacetotoluide, salicylazo- 
sulfapyridine, 4'-sulfamyl-2,4-diamiiioazobenzene hy- 
drochloride, 2,6-diamino-&phenylazopyridine hydro- 
rhloride, and 2', 6'-diamiiio-2-butyloxy-5, j'-azopyridine. 

( I )  For previous paper In this series, see E. F. Elslager, J. b. Caialla,  

(2) P. Ehrhoh, Berlin. klzn. Wochachr., 44, 233 (1907). 
(3) G. N. Mahapats ,  J. Proc. Inat. Chemists (India), 29, 33 (1957). 

\$ L), Closson, and D. F. Worth,  J .  Org. Chem., 26, 2837 (1961) 

During the course of a coIitiiiuirig program in these 
laboratories to develop new schistosomicidal agents, 
qrveral hundred a m  compounds of diverse strurturc. 
Iiavc been teqted against ,khistosoiria mnizsoni in mict.. 
llthough i i ioh t  of thest. coinpounds w r e  ineffective, 
uiieupe&d acti\.ity n as observed ith 5-(4-ainino- 1 - 
iiapl-ithylazoiutacil (AKIT) (11), IT hich proved to h? 
highly effevtii (x agaiiist ,C. niansoni 111 mire, hamsterh. 

TIIP prrscnt c~oin~iiiiiiic.atioi~ I $  W I ) -  

\ /  

N;:lgoH 
I1 

62 
cwned with the syiithe d AXI-  and rrrtain closely 
related c ompoundq. 

A X -  (11) was prepared by allowing diazotized 5-  
aminouracil (IT') to couple nith 1-naphthylamine 111 

aqueous ethanol. I11 like manner, a i-ariety of substi- 
tuted 5-(4-aniino-l-naphthylazo)uracils of formula J' 
(where X represents a hydrogen atom or a methyl, hy- 
(lroxy, or ethoxy group aiid S R 2  represents an amino, 

4) 1' E Thompson J L .\Ie~senhelder and H K a ~ a r i a n  unpublished 
results Parke, Daiis and Compan3 i n n  Arbor, Michigan 
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NRz 

I11 IV 

V 

alkylamino or dialkylamino radical) (Table I) were 
prepared from 5-aminouracil and a 1-naphthylamine 
derivative of formula I11 (procedures I and 11). Alter- 
natively, 5-(4-amino-l-naphthylazo)barbituric acid 
(IXa) and related compounds (IXb and IXc) were pre- 
pared by allowing 4-acetamido-1-naphthalenediazon- 
ium chloride (VI) to react with the appropriate 

NHCOCHa R1 

Ri Rz 
a, Ofi  UH 

I- - 
b, OH NHz 
C, NHz OH 

pyrimidinol (VII) followed by acid hydrolysis of the 
intermediate S- [4-(4-hydroxy - 5 - pyrimidiny1azo)-1- 
naphthyllacetamides (17111, a through e). 

Diazotized 5-aminouracil was also coupled with 8- 
aminoquinoline and 2,B-diaminopyridine to give 5- (8- 
amino-5-quinoly1azo)uracil (X) and 5-(2,B-diamino-3- 
pyridy1azo)uracil (Xl),  a uracil analog of 2,B-diamino- 
3-phenylazopyridine. 

In  order to study the influence of other heterocyclic 
groups on antischistosome activity, a series of (4- 
amino-1-naphthy1azo)heterocyclic compounds was pre- 
pared in which various other heterocyclic amines were 
diazotized and coupled with 1-naphthylamine (XII, 

N=N-Het 
XI1 

where Het represents a pyrazole, pyridine, pyridine-l- 
oxide, quinoline, or isoquinoline ring) (Table 11, pro- 
cedures I and 111). In like manner, 3-(4-amino-5- 
chloro-3-methyl-1-naphthy1azo)pyridine was prepared 
from diazotized 3-aminopyridine and 8-chloro-2-methyl- 
1-naphthylamine; 8-amino-6-methoxy-5-(3-pyridyl- 
azo)quinoline (XIII a) and 8-amino-B-methoxy-5-(3- 
quinoly1azo)quinoline (XIII b) were prepared from 

NHz 

OCHs 

8-amino-6-methoxyquino1ine and diazotized 3-amino- 
pyridine and 3-aminoquinoline, respectively. 

A majority of the intermediate heterocyclic amines 
are commercially a ~ a i l a b l e . ~  6-Aminoquinoline, 5- 
amino-6-methylquinoline, and 5aminoisoquinoline were 
prepared by the catalytic hydrogenation of the corre- 
sponding nitro c o ~ n p o u n d s , ~ ~ ~  while 2-aminopyridine 
1-oxide was synthesized by the method of Adams and 
Miyano.* 

All of the substituted 1-naphthylamines employed are 
commercially availableg with the exception of 8-chloro- 
2-methyl-l-naphthylamine, which was prepared by re- 
duction of the corresponding nitro compound with iron 
and acetic acid.1° 

The heterocyclic azo compounds described herein 
were tested against S. nzansoni in mice by Dr. P. E. 
Thompson and co-workers of these laboratories." 
When indicated, expanded studies were carried out 
against S. mansoni infections in hamsters and mon- 
keys.ll It is noteworthy that significant antischisto- 
some activity was observed only with B S U .  When 
given in the diet to mice infected with a Puerto Rican 
strain of S. nzansoni in doses ranging from 221 to 804 
mg./kg./day for 14 days, AniC caused a 73 to 100% 
reduction in live worms and was tolerated well. By 
gavage, the drug was less active and more toxic for 
mice. When administered to rhesus monkeys infected 
with the Puerto Rican strain, A S U  suppressed egg 

(5) 5-i4minouracil. 4-aminoantipyrine, 3-aminoquinoline, and  8-amino- 
quinoline were purchased from Distillation Product,s Industries, Rochester 
3,  N. Y.; 3-aminopyridine, 4-aminopyridine, 2,6-diaminopyridine, and  6- 
methoxy-8-aminoquinoline from the  hldrich Chemical Company, Milwaukee, 
Wis. ; 2-chloro-5-aminopyridine from Reilly Coal Tar  Chemicals. Indi- 
anapolis, Ind. 
(6) J. J. Craig and W. E. Cass, J .  A m .  Chem. Soc., 64,  783 (1942). 
(7) A. L. Searles and  R. ht.  Warren, J. Org.  Chem., 18, 1317 (1953). 
(8) R. Adams and  5. Miyano, J .  A m .  Chem. Soc., 7 6 ,  2785 (1954). 
(9) N-methyl-1-naphthylamine, N-ethyl-1-naphthylamine, and N,N-  

dimethyl-1-naphthylamine were purchased from Distillation Products Indus- 
tries, Rochester 3,  N. Y. ;  8-amino-2-naphthol was purchased from t h e  
Aldrich Chemical Company, Milwaukee, Wis.; 2-methyl-1-naphthylamine 
was obtained through the  courtesy of the  Union Carbide Chemicals Co., New 
York. N. Y.; 2-ethoxy-1-naphthylamine was obtained through the  courtesy 
of the  National Aniline Division, Allied Chemical Corp., New York, N. Y. 

(10) V. Vesel?, A. hledvedeva, and E. MMtiller, Collection Czech. Chem. 
Commun., 7 ,  228 (1935). 

(11) For a description of test  methods, see P. E. Thompson, J. E. Jleisen- 
helder, and  Ha Najarian, Am. J. T r o p .  Med,  Hyg., 11, 31 (1962). 



production but was rarely curative a t  doses ranging 
from 50 to 200 mg./kg. daily for 10 days.4 

On the assumption that A S U ,  like 4'-sulfamyl-2,1- 
diarniiioazobenzene, l 2  might be reduced in civo t o  pro- 
\ ide active metabolites, samples of the probable re- 
duction products, 3-ainiiiouracil arid I,4-naphthalene- 
diamine dihydr~chloride,'~ were tested against S .  
marzsoni in mice. Although both compounds were in- 
(+kctire at  the maximum tolrrated doses, 1,4-naph- 
t1ralcncdi:iinine dihpdrochloridc killed adult S. V I ~ > L - .  

so?ai 7'17 d m  at drug concentrations of 2,: yjml. .  7'herr- 
F o i ~ ,  A\X17 may 1 ~ 1 1  owe its schistownicidal eficrts to 
some uiiique property that allom adequate blood levels 
of 1,3-naphthalenediamine. 

Experimental. 14 

Procedures for Preparing (4-Amino-1-naphthylazo)Hetero- 
cyclic Compounds (Tables I and IT). Procedure 1.-A solution 
of 50.8 g. (0.4 mole) of 5-aminouraci15 in 500 ml. of aqueous 
Pthanol and 90 ml. of concentrated hrdrochloric acid was cooled to 
-5" and diazotized by the addition of a cold solution of 27.6 g. 
(0.4 mole) of sodium nitrite in 120 nil. of water with vigorous 
mechanical stirring. The temperature was maintained below 5' 
during the addition. The diazonium salt mixture was stirred for 
1.5 min. a t  O c ,  then added over a period of 10 min. to a cold solu- 
tion of 57.2 g. (0.4 mole) of 1-naphthylamine in 500 ml. of 95'3 
ethanol. Subsequently, the reaction misture was stirred for 1 
hr. a t  0-5", the pH was adjusted to  8 bv the addition of sodium 
hydroxide, and the brilliant red dve that separated was collected 
h y  filtration, washed with water, and dried in uumo a t  60" for 18 
hr. Crystallization of the crude product from a dimethylacet- 
amide-water mixture gave 83 g. ( i o ? )  of 6-(Camino-l-naphthyl- 
a7o)uracil as deep red crvstals, m p. 2.53" dec. 

Procedure II.-5-Aminouraci15 119.1 p., 0.15 mole) was 
diazotixed according to the method described under procedure I 
and the diazonium salt mixture was added with mechanical 
stirrinq to  a cold solution of 23 9 g. (0 15 mole) of 8-amino-2- 
naphthol in 200 ml. of glacial acetic acid and 300 ml. of water 
while maintaining the temperature a t  0-3'. The deep purple 
reaction mixture was stirred for 18 hr. at room temperature, a 
mixture of 200 g. of sodium acetate and 400 ml. of water was 
added, and stirring was continued for 24 hr. The crude dye was 
rollected bv filtration, washed with water, and dried in V Q C I I O  
a t  4Fj" for 18 hr. Crystallization from a dimethylacetamide- 
water mixture gave 37 g. (74"1,) of 544-amino-6-hydroxS-l-naph- 
thy1azo)uracil as black cwstals, m p. >250°. 

Procedure III .4Aminopyridine5 (14.1 g., 0.15 mole) was 
added slomly with stirring and external cooling to  70 ml. of 85y0 
phosphoric acid. Subsequentlv, 120 ml. of concentrated nitric 
:wid was diluted with water to a vnhime of 220 ml. and added 
with continued stirring and cooling to  the phosphoric acid 
solution. The resnlting orange colored solution was cooled to  
-5" and a cold solution of 10.5 g (0 I d  mole) of sodium nitrite in 
7 5  ml. of water was added over a period of 25 min. Dow Anti- 
foam A was added to suppress foaming. The diazonium salt 
soliltion was then poured s l o w l ~ ~  with stirring into a solution of 
20.0 g. (0.1*5 mole) of I-naphthvlamine in 300 ml. of ethanol over 
:L period of 20 min. while maintaininq the temperature a t  0 to  
- , 5 0  . The reaction mixture was stirred for 2 hr. a t  0 to  -10' 

and was allowed to  stand for 18 hr. a t  room temperature. The 
mixture was made alkaline by the addition of sodium acetate (300 
g. dissolved in 1 1. of water) and 500 ml. of 10% aqueous sodium 
hydroxide. The reddish black precipitate was collected by fil- 
tration, washed thoroughly with warm water, crystallized 3 times 
from an ethanol-water mixture, dried in vacuo st 40", and al- 
lowed to  equilibrate in the air. The dark red product, 4-(4- 
amino-I-naphthylazo)pyridine, weighed 7.5 g. (20%), m.p. 
164-1 66". 
N - [4 - (2,4,6 - Trihydroxy-5 - pyrimidinylazo) - 1 -naphthyl] acet- 

amide (VIIIa).-Barbituric acid (12.8 g., 0.1 mole) was 
~ 

(12) ProntosilB'. I'or B historical summary, see A .  Burger, "Medicinal 
Chrmistrv", Second Edition. Intersoience Publishers, New York, N. Y.. 
1960, pp. 800-801. 
(13) R. Adems and R. A .  Fankel,  J .  A m .  Chem. Soc. ,  73, I31  (1951) .  
(14) Melting points are uncorrected. 

suspended in a solution of 106 g. (1 mole) of sodium carbonate in 
500 ml. of water and 10% sodium hydroxide solution was added 
slowly until the barbituric acid completely dissolved. This 
solut,ion \vas cooled to 0" and to i t  n-as added n-it,h stirring :t 
cold solution of 4-acetamido-1-naplithalenediazoniuin chloritic 
prepared from 20.0 g. (0.1 mole) of n'-(4-Ltmino-l-n:tr,hth!.l)- 
ncetamide, 6.9 g. 10.1 mole) of sodium nitrite, :ind 500 ni:. nf 5' 
hydrochloric wid. The mixture w w  stirred for  2 hr .  :tt. 
matie acid with concentrated hydrochloric acid, and allowed 
stir a t  room temperature for 18 hr. The red precipitate was 
collected by filtration, washed thoroughly with water, :mi diied 
in. z"xo at. 40" for 24 hr.; yield, 33.4 g. ( 9 9 5  1, m.p. >300". 
C'ryst:illization of tlie crude dye from 3. tiiinetlr~.l:iot~ta~i~itl~: I 

n.iit,er mixture gave 19.7 g., 1n.p. >3(;0". 
.In,uZ. Calcd. for C1BH1aN504: (1, 56.[$; 11, 3 

Found: C, 56.44; €1, 3.99; X, 20.73. 
5-(4-Amino-l-naphthylazo)barbituric Acid (IXa).-A sus- 

pension of 15.9 g. (0.047 mole) of N-[4-(Zj4,6-trihydroxy-5- 
pyrimidiny1azo)-1-naphthyl] acetamide in a mi.ut.ure of 100 ml. of 
water, 100 ml. of concentrated hydrochloric acid, and 200 nil. 
of glacial acetic acid n'as boiled under reflux for 6 hr. The 
reaction mixture was poured onto ice and was made slightly 
alkaline with sodium hydroxide. The reddish black solid was 
collected by filtrat~ion, washed thoroughly with water, and dried 
in z"xo at -10" for I S  Iir. Crptallization of the crude product 
from a dinietlylforirianii~e-~~ater mixtare gave 6.0 g. (43$,) of a 
reddish black solid, m.p. >300". 

.Inni. ('did for ( ' iJf~~S&: C, 56.5ti; H, 3.73;  S, 
Found: C, 56.49; I-I,:3.98; S, 23.23. 
2-Amino-5-(4-amino-l-naphthylazo)-4,6-pyrimidinediol (IXb). 

---(il-;lmino-l-naphthj-l)acetamide (20.0 g., 0.1 mole) IKLN 
diazotized and coupled with 12.7 g. (0.1 mole) of 2-amino-4,O- 
pyrimidinediol :tccordi~~g to the procedure outlined previously 
for the preparation of 1-111:~ The crude S-[4-(2-amino-4,6- 

~- l : tzo~~- l -nnpl~t l~~l ]ace tamide  (VIIIb), 
), m.p. >300°, was not purified but was 
a mixture trf :tc:et.ic acid and hydrochloric 
The  pH \\-:is adjusted to 7 and the crude 

product WLS collected by filtr:ttjiori, washed with water and 
wetone, :tnd dried in z'ncuo at 100" for 4S hr . ;  yield, 14,s g. 
(4gc;). I'urification frnm dimetli~lacet,~.mide gavc 4.S g. (Jf :L 
highly insoluble, ditrk maroon dye. m.p >300'. 

A / L ~ I ~ .  C'<ilcd. for CiIEIi*N60r.0.5H,O: C, 5S.W; I f ,  .*. 
I&O, 2.!):. Found: C, 5 i . U ;  €I, 1.34; S,  27.22;  

HzO (Karl Fisclier), 2.ii.i. 
6-Amino-5-(4-amino-l-naphthylazo)uracil (1Xcj.--Utilizing 

the experimentiil ciinditions described for the preparation of 
IXb, 20.0 g. (0.1 inole) of S-(4-aniino-l-naplitliyl)acetsmide and 
18.7 g (0.1 niolr,) nf 6-aniinouracil yielded 27.6 g. (S270)  of crudc 
5- [4--(4-nmino-2,6-di h \d rox~-~-ppr imid in~ lazo~- l  -nnphthy 11 acet- 
:midc (VIIIc), i1i.p. 1300". Hydrolysis of the crude amide 
(13.4 g., 0.04 mole) give 6.0 g. (-Myo) of IXc. Purification from 
a dimethylacetamidr-vater mistlure provided 4.9 g. of a black 
powder, m.p. >300". 

A4nal. (Inlcd. for (:,rH19S60*.1).7jH?O: c', 54.27; TI, .1.40; S.  
27.18: H?O, 4.36. Found: C, 53.96: 51: 4.42; S: 26.71; II?O 
(Karl Fis~lier) ,  4 . 3 7  
5-(8-Amino-5-quinolylazo)uracil 1,X).-5-~4minourncilj (19. I 

g., 0.15 mole) was diazotized arcording to procedure I and 
coupled with 21.6 g. (0.15 mole) of 8-aminoquinoline in a mist,urc 
of 100 nil. of glacial acetic acid and 400 ml. of n.ater. The 
reaction mixture !vas treated nit,h a solution of 200 g. of sodium 
acetat.e in 500 nil. of water and the crude brown dye was collect,eti 
by filtration? dried in i " x o  at .isD, and crystallized from :i tii- 
niethplacetamide-water mixture; yield, 34.2 g. (74%); rmp. 
>250°. 

Anal. Calcd. for C~a€IlJ&~I..iH&: C, 50.48; T I ,  4.23; 
N, 27.18; HzO, 8.73.  Found: C, 49.98, €I, 4.47; 1, 26.93; 
HzO (Karl Fischcr). 5.82. 

(XI).-5-Anli1~oor:t(.i1~ 
(12.7 g., 0.1 mole) \vas diazotized according to prorednre I and 
coupled with 11.6 g.  (0.1 mole) of 2,B-diaminopj-ridine hydrtr- 
chloride in 135 ml. of c>th:knoI and 133 ml. of water. ' h e  reaction 
mixture was neutralized with aqueous sodium acet,:tt,e anti t h v  
crude red solid was collected by filtration, washed with wtrm 
water, dried in z:acuo a t  45", and crystallized from a dimethyl- 
formamide-water mixture; yield, 22.0 g. (897,); m.p. >3B0°. 

Anal. Calcd. for C',H~SIO,: C. 43.72; H, 3.67. Found: C'. 
43.72: H, 4.00. 

5 - (2,6 - Diamino - 3 - pyridy1azo)uracil 
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TABLE I 
5-( '&AMINO-1-NAPHTHYLAZ0)URACILS 

NRz 
NHz 
NHCHs 
NHCzHa 
N(CHa)z 
NHz 
NHz 
NHz 

X 
H 
H 
H 
H 
2-CHa 
2-OCzHa 
7-OH 

M.p., o c .  
253 dec. 
263 dec. 
247 dec. 
260 dec. 
266 dec. 
264 dec. 

>250 

h" 
485 
492 
498 
432 
490 
513 
493 

Yield 
puri- 
fied, 

5% 
70 
8.5 
Et6 
18 
70 
56 
74 

Purifi- 
Pro- cationo 

cedure solvent 
I A 
I A 
1 A 
I B 
I A 
I1 A 
I1 A 

Formula 
CirHiiNsOr.0. 5HzOC 
CiaHisNsOz. 0. lHzOd 
CiaHiaNsOz 
CiaHisNsOz.O.25HzOe 
CiaHiaNrOr.O.75HiO 
CieHirNsOs 
c ~ ~ H ~ ~ N ~ o ~ . ~ H ~ o ~  

-Carbon, 70- 
Calcd. Found 
57.92 57.93 
60.64 60.36 
62.12 61.97 
61.22 61.38 
58.34 58 .03  
59.07 59.24 
50.45 50.84 

Hydrogen, 70 
Calcd. Found 
4.17 4.22 
4 . 4 4  5 . 0 2  
4 . 8 8  5 . 1 5  
4.99 5 .70  
4 .73  4.99 
4 . 6 5  5 .18  
4 .54  4 . 9 8  

A, dimethylacetamide-water; B, acetone-dimethylacetamide-water. b I n  methanol. Calcd. water determinati 
3.10; found: 3.15. Calcd.: 0.61; found: 0.33. Calcd.: 1.43; found: 1.27. f Calcd.: 10.81; found: 10.52. 

Het  
2,3-Dimethyl-5-oxo-l- 

Phenyl-3-pyraaolin- 
4-yl 

3-Pyridyl 
4-Pyridyl 
6-Chloro-3-pyridyl 
2-Pyridyl 1'-oxide 
.i .Quinolyl 
6 Quinolsl 
ti -Methyl-5-quinolyl 
8 Methoxy-8-quinolyl 
R -1soquinolyl 

Rl.p., 
OC. 

173-1 75 
185-187 
164-166 
170-1 72 
192-193 
238-239 
220-225 
208-21 1 
170-171 
243-245 

h?" 

457 
470 
488 
487 
545 
490 
475 
446 
480 
488 

TABLE I1 
(4-AMINO-1-NAPHTHYLAZO) HETEROCYCLIC COMPOUNDS 

N=N-Het 
Yield 
puri- 
fied, 
% 

58 
42 
20 
44 
78 
3 1  
83 
81 
56 
75 

Pro- 
cedure 

I 
I 
111 
I 
I 
I 
I 
I 
I 
I 

Purifi- 
cation 
solvento 

A 
B 
B 
B 
B 
B 
A 
B 
B 
A 

Formula 

CziHsNs0'0.5HzO 
CiaHizN4 
CisHizNr 

-Nitrogen, 70- 
Calod. Found 
24.13 23.72 
23.58 23.47 
22.64 22.60 
22.31 21.98 
22.68 22.60 
21.53 21.49 
21.01 21.07 

on (Karl Fischer) : 

-Carbon, 70- Hydrogen, % -Nitrogen, %-. 
Calcd. Found Calcd. Found Calcd. Found 

68.83 
72.56 
72.56 
63.72 
65.20 
76.49 
75 .58  
76 .90  
70 .82  
75 .58  

68.64 
73 .10  
72.42 
63 .78  
65.56 
76.05 
75.79 
76.72 
70.66 
75.40 

5 .50  5.94 
4.87 5 . 1 5  
4 .87  4 . 7 7  
3 . 9 2  4 .04  
4 .86  5 .03  
4 .73  4.97 
4 .80  4 . 7 9  
5 . 1 6  5 . 3 0  
5.11 ,5.23 
4 .80  4 . 8 6  

19.12 
22.57 

19.82 
20 .28  
18.78 
18 56 
17.94 
16 52 
18 ;76 

18.87 
22.69 

19.57 
19.82 
18.87 
1 8 . 7 8  
17 ,94  
16.34 
18.46 

A, dimethylacetamide-water; B, ethanol-water. b In  methanol. Calcd. water determination (Karl Fischer): 4.36; found: 
4.64. Calcd.: 1.19; found: 0.97. e Calcd.: 3.18; found: 2.52. f Calcd.: 1.19; found: 1.10. 

3-  (4 - Amino-5-chloro -3-methyl-l-naphthylazo)pyridine.-Di- 
szotiaed 3-amin~pyridine~ (9.4 g., 0.1 mole) was coupled with 
19.2 g. (0.1 mole) of 8-chlor0-2-meth~l-l-naphthylamine~~ accord- 
ing to procedure I above and the crude dye was crystallized from 
un ethanol-water mixture. The shiny red-brown needles thus 
obtained weighed 13.3 g. (45%), m.p. 173-174'. 

Anal. Calcd. for ClsH&lN4: C, 64.75: H,  4.41; X, 18.88. 
Found: C,64.55; H,4.67; N, 18.48. 
8-Amino-6-methoxy-5-(3-pyridylazo)quinoline (XIIIa.).-3- 

Aminopyridine6 (9 4 g., 0.1 mole) was diazotized and coupled 
with 17.4 g (0.1 mole) of 8-amino-6-methoxyquinoline according 
to procedure I. The crude dye was crystallized from a mixture 
i)f 2-propanol and 10% ammonium hydroxide to give 6.2 g. 
(22%)  of deep led crystals, m.p. 199-200". 

Anal. Calcd. for C I ~ H I ~ X ~ O :  C, 64.50; H, 4.69; K, 25 08. 
Found: C,64.16; H,4.73; N,24.82. 
8-Amino-6-methoxy-5-i3-quinolylazo)quinoline (XIIIb).- 

Utilizing procedure I above, 14.5 g. (0.1 mole) of 3-amino- 
quinoline was diazotized and coupled with 17.4 g. (0.1 mole) 
of 8-amino-6-methoxyquinoline. Crystallization of the crude 

dye from a mixture of ethanol and 1 0 ~ o  ammonium hydroxide 
gave 13.0 g. (407,) of maroon crystals, m.p. 204-206'. 

Anal. Calcd. for C19HlbN50: C, 69.28; H, 4.59; ?;, 21.27. 
Found: C,69.68; H,4.78; N, 21.23. 
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