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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-propanol. 
The off-white crystals were collected by filtration, washed with 
fresh 2-propanol, and dried in vacuo at 50° for 4.N hr. The desired 
X-(2-brornoethyl)-l-naphthylamine hydrobromide weighed 1.5s 
kg. ('89';, ), m.p] 208-211 ° with prior softening at 200°. 

Anal. Calcd. for C,,H,T5rX-HBr: C, 43.53: H. 3.9(5: X. 
4.23: Br, 48.28. Found: C. 43.73; H, 4.22; N, 4.42; Br, 
48.69. 

N-(3-Bromopropyl)-l-naphthylamine Hydrobromide.—A solu
tion of 201 g. (1.0 mole) of 3-(T-naphthylamino)-l-propanol31 

in 1.5 kg. of 48'', reagent hydrobromic. acid was heated under 
reflux for 22 hr. A greenish brown oil separated. The mixture 
was cooled in ice and the supernatant liquid decanted. The 
residue was taken up in 500 ml. of warm methanol and cooled 
to give 18!) g. of the hydrobromide salt, in.p. 140-151°. A 
second crop weighing 55 g., m.p. 142-146°, was obtained by con
centration of the filtrate. The total crude yield was ~\' ',. For 
analysis, a sample was recrystallized twice from methanol giving 
off-white crystals, m.p. 152-454°. 

Anal. Calcd. for C,3H14BrX-HBr: C, 45.24; H, 4.3S; Br. 
40.32. Found: C, 45.09,• H, 4.64; Br, 45.30. 

6-(2-Diethy]aminoethoxy)-l-naphthylamine.—A mixture of 
100 g. (0.5 mole) of X-(6-hydroxy-l-naphthyl)acetamide, 54 g. 
(1.0 mole) of sodium methoxide, and 86 g. (0.5 mole) of 2-chloro-
(riethylamine 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 wits 
heated under reflux for an 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. (38'<J of <>-( 2-
diethylaminoethoxy)-l-naphthvlamine, b.p. 160° ('0.15 mm.). 

Anal. Calcd. for CeH.oNoO: C, 74.38: H, 8.58: X, 10.85. 
Found: C, 74.40; H, 8.55; X, 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. Calcd. for C16H,;,X2()'2HC1: C, 58.01: H, 7.30; N. 
8.46; CI, 21.40. Found: C, 58.10; H,7.10; X,8.53; CI, 21.26. 

l-Diethylaminomethyl-3-cyclohexene-l-carboxaldehyde.—A 
mixture of 226 g. (2.05 moles) of 3-eyelohexene-l-earboxaldehyde, 
185 g. (1.69 moles) of diethylamine hydrochloride, and 78 g. 
(2.6 moles) of paraformaldehyde in 125 g. of ethanol was heated 
on tlie steam bath for 2 hr. An additional 78 g. of paraformal-

In previous communications from these Labora
tories,'-3 it was reported that ">-(4-amino-l-naphthyl-

i 1 ) P resen ted before the Division of Medicinal C h e m i s t r y , 1 H t h Nat iona l 
Mee t ing of the Amer ican Chemical Society, Los Angeles. Calif.. April I, 
19h:-i. A b s t r a c t s of papers , p. lfjL. 

r.'l !•:. !•'. L'lsltiKcr, I ) . B, Capps , L. M. Werbel . 1). F. W o r t h . J. E. Meisen-
holder, 11. N'ajarian, and P. E. T h o m p s o n , ./. \1 e<l. ('),<•„,.. 6, 217 (IMC!,'. 
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dehyde was added and heating was continued for 6 hr. The 
mixture was poured into 2 1. of water and extracted with ether, ami 
the ether extracts were discarded. The aqueous layer was made 
basic with sodium hydroxide and the oil which separaled was 
extracted with ether. The extracts \wn' dried over anhydrous 
sodium sulfate, the ether was removed, and the residue distilled to 
give 200 g. ' 6 1 ' , ) of l-diethylaminomethyl-3-cyclohexenc-l-
earboxaldehvde. b.p. 59-61° 10.1-0.2 mm.). //":'i> 1.17.80. 

Anal. Calcd. lor C,.H,,X(): C, 73.79: 11, IO.s-1; X. 7.17, 
Found; C, 73.57; H, 10.91 : X, 7.29. 

l-( 1-Naphthyl!aziridine. - To a stirred solution of 27.8 g, i0.09 
mole) of sodium hydroxide in 80 ml. of water and 300 nil. ot 
ethanol was added a. solution of 100 g. (0.30 mole) of X-( 2-broino-
ethyl )-l-naphthylamiue hydrobromide in 1 1. of ethanol. l'he 
mixture was heated under reflux for 1 hr. and allowed to stand at 
room temperature overnight. The mixture was filtered to remove 
a small amount of solid, and the solvent was removed from the 
filtrate in vacua. The residue was poured into water and ex
tracted with ether. The extracts were dried over anhydrous 
sodium sulfate, the solvent was removed, and the residue distilled 
to give 38 g. (75 ' , ) of l-< l-naphthyl)aziridine, b.p. si 83° '0.2 
mm. J. >i'ibh 1.0462. 

Aitnl. Calcd. ior (',.,lli,X: C. S5.I7; II, 6.55: X. s.2s. 
Found: C, .84.94: H.6.55; X, 8.45. 

A solution of the aziridine base in ethanol was treated with 
2-propanol saturated with hydrogen chloride. The X-(2-chloro-
ethyl)-l-naphthylamine hydrochloride obtained was crystallized 
from ethaiiol-ether to give off-white crystals, m.p. 181 183° dec. 

Anal. Calcd. for C,,H,2C1X4IC1:' (.', 59.52; H, 5.41: X. 
5.79: CI, 29.28, Found: ( ' ,59.63: H, 5.57: X.5 .83: CI. 28.97. 
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azo)uracil (I) and various [4-(aminoalkylamino)-l-
naphthylazo [heterocyclic compounds (III) exhibit 
strong therapeutic activity against Schistosoma manxnni 
infections in experimental animals. This paper de-
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A variety of [4-(aminoalkylamino)-l-naphthylazo]heteroeyclie compounds have been synthesized by (I) 
coupling a diazotized heterocyclic amine with the appropriate l-(aminoalkyl Inaphthylamine; (2) allowing a X-
(w-haIoalkyl)-4-(heterocyclicazo)-l-naphthylamine to react with the appropriate amine; (3) alkaline hydrolysis 
of the corresponding N-(aminoalkyl)-2,2,2-trifluoro-X*-|4-(heterocyclicazo)-l-naphth\'l]acetamides. Many of the 
[4-(aminoalkylamino)-.l-naphthylazo]heterocyclie compounds are highly active against experimental Schisto
soma mansoni infections. 
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scribes the synthesis of selected members of the latter 
class of compounds in detail. 

A majority of the [4-(aminoalkylamino)-l-naphthyl-
azo Jheterocyclic compounds (I I I , where R, Ri, and 
R2 represent a hydrogen a tom 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 

N - Y - N R ^ 

+Het-N,A • 

Y-NR,R2 

II 
N=N-Het 

III 

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

NHCH2CHCH3CH2N(CH3)2 

,NH(CH2)2N(C2H6)2 

IV 

^ N-N-

A" HO 
NHCH2CON(C2H5)2 

V 

OH 

N = N 

Several al ternate routes for the preparation of the 
heterocyclic azo compounds (III) were examined, 
including the condensation of a N-(w-haloalkyl)-4-
(heterocyclicazo)-l-naphthylamine with an amine. 
Thus, condensation of N-(2-bromoethyl)-4-(3-dibenzo-
furanylazo)-l-naphthylamine (VII) with excess piperi-
dine gave l-{2-[4-(3-dibenzofuranylazo)-l-naphthyl-
amino ]ethyl} piperidine (VIII) in 8 2 % yield (Table 
IV, method IV). The intermediate VI I 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. 6, 637 (1963)., 

NH(CH2)2Br NH (CH 2 ) 2 N^) 

VII VIII 

by allowing diazotized 3-aminodibenzofuran to react 
with l-(2-bromoethyl)aminonaphthalene hydrobro-
mide4 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)-l-naphthylazo]heterocyclic com
pounds involved thecouplingof diazotized N-(4-amino-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-naphthyl ]acetamides (Xa-e) . Alkaline hydrolysis of 
X a - e (methods V and VI) gave 4-[4-(2-diethylamino-
ethylamino)-l-naphthylazo]-3-methyl-l-phenyl-2-pyra-
zolin-5-one (XIa) , 2,6-diamino-3-[4-(2-diethylamino-
ethylamino)-l-naphthylazo]pyridine (Xlb) , 5-[4-(2-di-
ethylaminoethylamino)-l-naphthylazo ]barbituric acid 
(XIc), l-(2-diethylaminoethyl)-6- [4-(2-diethylamino-
ethylamino) -1 -naphthylazo ] -1,2,3,4 - te t rahydroquino-
line (Xld) , and 5-[4-(2-diethylaminoethylamino)-l-
naphthylazo]-8-quinolinol (Xle) , respectively (Tables 
I - IV) . 

CF3CON(CH2)2N(C2H6)2 CF3CON(CH2)2N(C2Hs) 

NH(CH2)2N(C2H6)2 

N=N—Het 

XI 

where Het represents 

OH 
(a) H ^CH3 

,<£JN 
(b) 

O^ N H 2N^ N ^NH H O ^ N ^ O H 

CeHs 

(d) XQ (e) 

(CH2)2N(C2H5)2 

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. W. Short, L. M. Werbel, 
and D. F. Worth, manuscript in preparation. 
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3 
4 
5 
0 

10 

" The 
ether: I 
- Calcd. 

— N R — Y - M l i l t -

NTH(CH2)2NH(CH,)2OH 
NHCH[(CU2)2 |2NCH3 

NH(CH2)2N(C2H»)> 
NH(CH2)2N(C2H6)2 

NHCH2CHOHCH2N(C2H5)2 H 
NII(CH2)3N(CH2), 

NH(CH2)2-X S 
CH3N-

NH(CH2)2N(C2H5)2 

NCH3(CH2)»N(C,Hi,)> 

TABLE I 

3-[4-1AMINOAFKY LAMINO )-1-NAPIITI(YL.\ZO] PYRIDINES'1 

R—N—Y-NR,R, 

Z 

G-Cl 
H 
H 
2,0-NII. 
H 
II 

H 

M . | > . . ° < \ 

IG:>-KW 

171-172 
139-141 
234 dec. 
154-157 
130-132 

100 dec. 

Yield 
purified, 

(" 
81 
61 
85 
28' 
10 
04 

18 

Pro
cedure 

I 
I 
11 
V 
11 
I 

If 

N= =N~ii 

Purifi
cat ion ' 
solvent 

A 
A 
K 
F 
I) 
A 

C 

i 

Cv 

c2 
C2 

c. 
0: 
0 , 

C : 

Formula 

»l.l-.,ClS:,i) 

1 r[ 2 , \ 3 

,]I25Ni,-3HCl-3.25H2()'' 
.iH,7N,-HCl-0.33H2()' 
,>II2,N.,O-3.ICl-0.5II2(> 
:3H27X, 

;;iH27N's-3H(n-2.25H2<>/ 

0-O(CH2)3CH, 92-94 
0-()(CH,):,CH:1 90-95 

G-OCH, 214-210 dec. 

09 I B C2SHMN6O-0.5H2() 
48 II A (y i : , 6 X i O-2HCl-H,( )" 

29 I A C2 ,H3 3Ny)-HCl-0.4rI2o' 

— C a r b o n . ILvdroiren, \ i t r o j t e u , '/,,- — W a t e r . %c ~~ 
F o u n d Calcd . Found Calcd . I'.inn 1 Ca lcd . Foun 1 CTalcil. 

01.711 01.05 5.45 5.5(1 18.94 19.16 
73.01 72.99 0.71 0.59 29.28 20.10 
48.91 IS.84 G.75 0.79 13.59 13.33 11.35 
59.90 59.92 0.S7 7.00 23.31 23.28 1.43 
53.28 52.92 0.30 0.00 14.12 13.84 1.82 
73.90 73.78 7.29 7.15 18.75 18.77 

52.78 53.19 0.04 6.5s 13.38 13.31 7.71 

70.06 70.14 8.00 7.87 10.34 16.11 
59.42 59.31 7.07 7.45 13.33 13.45 

06.55 00.38 7.20 7.32 14.37 13.81 1.4s 

10.33 
1.13 
1.98 

.08 

1.51 

free liases range from deep orange to maroon in color: the hydrochloride salts range from orange to black in color. '• A 
'.. not recrvstallized: K. dimethylformamide 2-propanol. Water determination by Karl Fischer method. '' Calcd. for (4 : 20.03. Found: 20.8." 
for CI: 20.32. Found: 20.52. '< Calcd. for CI: 13.49. Found: 13.95. * Calcd. for CI: 7.28. Foun.l: 7.0S. ' Viol.l over-all. 

propanol; H. ethanol: (', methanol-2-propanol: I), ethanol-
Caled. for CI: 8.13. Found: 8.30. 

no. - Y Ki t , It 

11 (C2H)2N[(CH2)2[2NT1 
12 (C,H)2N(C2H5)2 

TABLE 11 

i 4-( AMINOAI.KYI.AMIN<))- l -NAPHTIIYl .AZo|Qr iN()LIN T ES 

NH—Y—NR,R, 

Qui no-
line 
rinsi 

a t t a c h . 
inent 

N 

3 
H 
H 

/. M.|. . . " C . 

210 dec. 
121 125 

Yield 
purified. 

'/</ 

30 
03 

Pro
cedure 

II 
I 

Purifi
cation'" 
solvent 

A 
A 

C2 iH2 6\6-3IICI -2.511.0 
C25H27X5 

—( 
Calc 

53. 
75. 

•arli, 
•A. 

15 
53 

Found 

52.77 
75.70 

ll.vdr, 
( ' a i d . 

0.07 
().S5 

>!teli. '",. 

Found 

5.97 
0.9-1 

—Xit roL 
Calc 1. 

14. 8S 

17.02 

n-n. ',' - --
Found 

14.49 
17 51 

- W a 
Calcd 

7.97 .24 

file:///itrojteu


13 
14 
15 
16 
17 
18 
10 
20 
21 

" T h e 
nitrile. 

(CH2)2N(C2H5)2 

(CH2)2N(C2H5)2 

(CH2)2N(C2H5)2 

(CH2)2NC2H6(CH2)2OH 
(CH2)2N[(CH2)2]2CHOH 
(CH2)2N(C2H5)2 

CH2C(CH3)2CH2N(C2H6)2 

(CH2)2N[(CH2)2 |2CH(CH2)2N(C2H,)2 

(CH2)2N[(CH2)2N(C2H5)2]2 

6 
8 
5 
5 
8 
5 
8 
5 
3 

H 
H 
8-OH 
8-OH 
H 
8-CH3 

5,6-OCH3 

8-CH3 

H 

186-188 
156-158 
158-162 
190-192 
169 dec. 
119-121 
166-170 
145-147 
133-139 

22 
43 
24" 
73 
35 
70 
23 
52 
29 

I I 
I I 
VI 
I I 
I 
I 
I I 
I I 
I I 

B 
A 
A 
C 
1) 
C 
A 
B 
B 

C25H27N5-2.5HC1- 1.3H20" 
a 5 H 2 7 N 5 - 2 H C l - 3 . 3 ^ 0 ' 
C2!)H27N60 
C25H27N5< )2 • 2HC1 • 1.25H2() 
C26H27N50 
C26H29N5 
C3„H37N5()2-3HC1- 1.25H20 
C.,3H42N6-3HCl-0.5H2O 
C33Ui!lNT4:.mCl-4t{.zO/ 

free bases range from red to deep maroon in color; the hydrochloride salts range from brown to deep purple in color. b A, 
c Water determination by Karl Fischer method. d Calcd. for CI: 17.31. Found: 17.23. « Calcd. for CI: 13.38. Found: 13 

58.63 
56.66 
72.61 
57.20 
73.38 
75.88 
57.14 
61.82 
50.84 

58.57 
56.47 
72.87 
57.62 
73.04 
76.08 
57.25 
61.76 
51 .55 

2-propanol; B, 
.38. f Calcd. f< 

6.32 
6.77 
6.58 
6.05 
6.40 
7.10 
6.63 
7.23 
7.45 

6.34 
6.81 
6.54 
5.80 
6.47 
7.14 
7.11 
6.91 
7.12 

13.68 
13.22 
16.94 
13.34 
16.46 
17.02 
11.10 
13.11 
12.58 

met h an( >l-2-p n >panol 
>r CI: : 20.92. Found: 

13.66 
13.01 
17.05 
13.52 
16.36 
17.23 
10.54 
13.33 
12.37 

4.69 
11.21 

4.29 

3.57 
1.40 
9.24 

; C, ethanol; D 
21.10. 

4 .74 
10.80 

4 .56 

3.75 
1.10 
9.20 

, aceto-
' Yield over-all. 

N
ove 

3 
a* 
*-i 

i — > 

CD 
02 

TABLE I I I 

5-[4-(AMINOALKYLAMINO)-1-NAPHTHYLAZO]PYRIMIDINES'* 

Compd. 
no. 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

X 

H 
H 
H 
H 
7-C1 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
6-0(CH2)2N(C2H5)2 

—Y—NR1R2 

(CH2)2NH2 

(CH2)2N(CH3)2 

(CH2)3N(CH3)2 

CHCH3CH2N(CH3)2 

(CH2)2N(C2H5)2 

(CH2)3NHCH(CII3)2 

(CH2)2N(C2H5)2 

(CH2)2N(C2H5)2 

(CH2)2N[CH(CH3)J2 

(CH2)5N(C2H6)2 

(CH2)2N[(CH2)3CH3]2 

(CH2)2N[CH2CH(CH3),]2 

(CH2)2N[CH(CH3)2]2 

(CH2)2NC2H6(CH2)2N(C2H5)2 

CH2C(CH2)5CH2N(C2H5)2 

(CH2)2N(C2H5)2 

z 
2,4-OH 
2,4-OH 
2,4-OH 
2,4-OH 
2,4-OH 
2,4-OH 
2,4-OH 
2,4,6-OH 
2,4-OH 
2,4-OH 
2,4-OH 
2,4-OH 
2,4-OCH3 

2,4-OH 
2,4-OH 
2,4-OH 

NH-Y—NRft2 

N = N -

Yield 
puri
fied, 

% 
34 
85 
56 
74 
70 
50 
62 
43* 
61 
82 
60 
78 
45 
22 
49 
59 

XA 
3 £ 

Pro
cedure 

I 
I 
I 
I 
I 
I 
I 
VI 
I 
I 
I 
I 
I 
I I 
I 
I 

Purifi
cation 
solvent 

A 
B 
C 
B 
H 
E 
F 
G 
H 
E 
1) 
F 
I 
J 
F 
J 

Formula 

C16H16N602-3.25H2() 
C18H20N6O2-1.25H2O c 

Ci9H22Ne02 

C19H22N6O2-0.25H2O'' 
CMHaClNeOa-H^)' 
C20H24N6O2 

C 2 „H 2 4 N 6 0 2 -0 .5^0 ' 
C2„H24N603 

C22H i8N602 

C23H30N6O, 
C24H32N602 

C24H32N6O20.25H2O 
C24H32Nc02 

C24H33N702 • 2.5HC1 • H 2 0 / S 

C26H34N602 

C2eH37N703 

-—Carbon, %—• 
Calcd. 

50.19 
57.66 
62.28 
61.52 
55.48 
63.14 
61.68 
60.59 
64.68 
65.37 
66.02 
65.35 
66.02 
49.80 
67.50 
63.00 

Found 

49.94 
57.79 
61.94 
61.56 
55.18 
62.98 
61.70 
60.46 
64.40 
65.19 
65.85 
65.05 
66.27 
49.75 
67.51 
63.32 

Hydrogen, % 
Calcd. 

5.92 
6.05 
6.05 
6.11 
5.82 
6.36 
6.47 
6.10 
6.91 
7.16 
7.39 
7.43 
7.39 
6.88 
7.41 
7.52 

Found 

5.24 
6.09 
6.36 
6.30 
5.96 
6.38 
6.95 
6.36 
7.21 
7.37 
7.07 
7.51 
7.12 
6.94 
7.39 
7.67 

^-Nitrogen, %— 
Calcd. 

21.95 
22.42 
22.94 
22.66 
19.42 
22.09 
21.58 
21.20 
20.58 
19.89 
19.25 
19.06 
19.25 
16.94 
18.17 
19.79 

Found 

21.65 
22.51 
22.88 
22.80 
19.41 
22.25 
21.59 
21.46 
20.71 
19.82 
19.04 
19.04 
19.27 
16.45 
18.45 
19.57 

0 The free bases range from red to black in color. '' A, acetone-water; B, 
water; G, ethanol-dimethylformamide; H, ethanol; I, acetone; J, methanol. 
« Calcd. for F 2 0 : 2.31. Found: 2.35. ' Calcd. for H2(): 6.22. Found: 6.22 

M.p., °C. 

204 
230-231 dec. 
215-216 dec. 
212-213 dec. 
211-212 dec. 
219-220 
210-211 
209-213 dec. 
219-221 
170 dec. 
194-196 dec. 
227-228 dec. 
157-158 
164-167 dec. 
202 dec. 
203-205 

not recrystallized; C, dimethylformamide; D, dimethylformamide-water; E, dimethylacetamide-water; F , e thanol-
' Water determination (Karl Fischer). Calcd. for H 2 6 : 6.00. Found: 5.98. -'Calcd. for H2(): 1.21. Found: 1.08. 

"Calcd. for CI: 15.31. Found: J5.01. * Over-all yield. ' Calcd. for H 2 0 : 4.16. Found: 4.45. 
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TABLE IV 

MISCELLANEOUS |4-( AMINOALKYLAMIN'O)-1-NAPHTUYLAZO|HETEROCYCLIC COMPOUNDS'' 

N H - Y - N R . R , 

Compi i . 
no. 

38 
39 
40 

41 
42 
43 
44 

46 
47 
48 
49 

50 
51 
52 
53 
54 

56 
57 
58 
59 

60 

' The 
acetone: 
12.38. ' 
trifluoro 
H. 5.58: 

X Y - \RiKi 

II (CIE)2N(C2H5)2 

CHCH3CH2N(CH3), 

H (Cli2)2N(C2H5)2 

H (CH2)2N(CH2)4 

II (C1I2)3N(CH3)2 

H (CH2)3N[(CH2)2]2() 
H (CH2)2N(C2H5), 

H (CH2)2N(C,H5)2 

H (CH2)2N(C1I2CH CII2)2 

H (CH2)2N(C2H5)2 

II (CH2)2N(CH2)G 

H (CH2)2N(C2H5)2 

II (CH2)2NCH3C2Hr, 
H (CH2)2N(C2H5)2 

6-OCIi, (CH2)2N(C2H5)2 
ii (CH 2 ) 2N(;H 3 (CII 2 ) 2N|CH((TI 3 ) 2U 

II (CII2)2N(CII2)5 

H (CH,)2NC,H5CH2CH C1E 

II (CH2)2NCH3(CH2)3CH3 

II (CH2)2N[(CH2)2]»X(CH2)201I 
H (CH2)2NH(CH2)2N(C2H5), 
H CH[CH2N(CH3),]-, 

H 

l l r t 

2-Thiazolyl 
5-Benzotriazolyl 
2,1,3-Benzothiadiazol-5-

yl 
1,2-Benzisothiazol-5-yl 
5-Isoquinolyl 
5-Benzimidazolyl 
1,2,3,4-Tetrahydro-l,4-

dioxo-5-phthalazinyl 
3,-1-1 )ihydro-3-oxo-2H-

1,4-benzothiazin-6-y 1 
UI-Indazol-6-yl 
5-Isoquinolyl 
2-Benzothiazolyl 
3-Methyl-5-oxo-l-

phenyl-2-pyrazolin-l-

Benzoj f] quinolin-7-yl 
3-1 )ibenzofurany 1 
4-Antipyrinyl 
2H-Indazol-5-yl 
3-l)ibenzofuranyl 
Dibenzothiophene-2-yl-

(5,5-dioxide) 
Dibenzothiophene-2-yl 
4-Antipyrinyl 
4-Antipyrinyl 
10-Kthylphenotliiazin-

3-yl (5,5-dioxide) 
l-Thianthrenvl 

M.p.. °C. 

135-137 

197-199 
126-128 

161-165 
158-160 
220-223 
211-213 

CH2C(CH3)2CII2X(CH2);. 

free bases range from orange to brown 
E, dimetliylacetamide-2-propanol: F, 
Calcd. for CI: 17.29. Found: 17.29. 

-N-[4-(3-metliyl-5-()X()-l-phen\'l-2-pyrazolin-4-\lazo)-l-na])litliyl|acetamidi 
X. 16.46. ' Yield over-all. 

73-74 
132-133 
150-153 
154-155 

1.82-184 
160-162 
200-202 
107 109 
164-165 
220-223 

120-121 
181-182 
206-208 
195-197 

80 dec. 

N=N— Het 
Yiul.l 
puri
fied, 

38 
63 
37 

58 
66 
18 

213 214 45 

65 
58 
74 
15 
82 
60 

67 
60 
69 
49 

93 

l'ro-
ceduri 

I I I 
I 
I 

I 
I 
I 

I 
I 
III 
VI 

I 
I I 
II 
I 
IV 
I 

I 
I 
II 
II 

T 

Purifi
cation'1 

solvent 

A 
B 
C 

C 
c 
I) 
1'] 

c 
c 
F 

A 

A 

B 

( ; 
ii 
I 
]•: 

A 

A 

< ; 
I 

C2oH2 3N5S 

C 2 ,H 2 3 N 7 

C a l l ^ N e S 

C24H2&N5 

C24H26N6(> 

C24II26XT
602 

C24TI2JN6OS 

C, ; ,H2 6N6-0.33H2(> 
C 2 5H 2 7N 5 

C 2 5H 2 7N 6S 

C28H>7XS 

C 2 8 I I 2 S X 4 (>-2I ICl -0 .5I I 2 O 

C 2 8 H;,4X 6 ( ) . .2HC1-1I 2 ( ) ' ' 

C2 8H3 7N7 

C29H28N4<) 
C29H28N4(>2S 

C,.,II3(,X4S 

C29TI35N7<>2 

C2 9H3 7XT
7O-3H.Cl-0.33H2 i > " 

C„H M N 6 ( ) 2 .S -3HC1 

—Carbon, ' ; , - - UyilroK.'ll. ',' 
Calcd. Found Calcd. Pound 

65.72 65.55 6.34 6.29 
67.54 67.50 6.21 6.33 
65.32 64.90 5.98 6.00 

68.80 68.75 5.77 5.70 
75.16 75.23 6.57 6.49 
69.54 69.61 6,32 6.26 
66.95 66.71 6.09 6.10 

06.48 66.59 6.2S 6.06 16,15 Hi.25 

— Nttroe 
Calcd. 

19.16 
26.26 
20.78 

17.44 
18.26 
20.28 
19.52 

; " • " . % — 

Found 

18.98 
26.48 
20.17 

17.50 
18.46 
20.34 
19.32 

72.09 
75.53 
69.90 
70.56 

6-1.86 
58.23 
71.30 
77.65 
70.13 

75.80 
70.19 
70.30 

7< .95 
64 .55 
58.33 
71 .44 
77.62 
7 0 . ~>i\ 

6.45 
6.85 
6 34 
6.83 

6.28 
6.03 
6.63 
7.91 
6.20 
5.68 

6.96 
6.87 
6.31 
7 10 

6,38 
6.40 
6.52 
7.61 
6.63 
5.31 

20.18 20.07 
17.62 17.43 
16.30 16 50 
18.99 18 91 

16 16 
10.81 
14.55 
20 79 
12 4.9 
II .28 

74.64 74.93 6.48 6.3-1 
67.81 67.74 6.87 6.70 
56.63 56.57 6.06 6.57 
55.89 56.30 5.90 5.59 

16.43 
10.83 
I 1.44 
21 .42 
12.40 

II .47 

black in color: llie liydroehloride salts range from gn'en to 
acetonitrile-water; (i, ethanol 2-propanol; H, cyclohexane 
Water (Karl Fischer). Calcd. for H 2 0 : 3.12. Found: 2.96. 

ni.].i. 154-155° from ace 

E C32H,i4X4S2 

purple in color. '• A, 
71.31 71.30 6.36 6.79 

thanol water: B, ethanol: C, 2-i)ropanol: 
I, acetone: <: Calcd. for CI: 13.68. Found: 13.50. ' Calcd. for CI: 
-'' Calcd. for II.O: 0.97. Found: 0.87. "Intermediate X-(2-diethvlaii 

t»ne: Anal. Calcd. for C.:,H,.,,F:1XC( )2: C. 62,44: H, 5.43: X, 15.97. I-

12,01 11.96 
19.09 19.29 
15.91 15.81 
12.62 12.51 

10.40 10 41 

I), chloroform 
12.28. Found: 

tiuoethyl 1-2,2,2-
'ouud: C. 62.38: 

file://-/RiKi
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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)-l-naphthylazo]pyridine trihydrochloride and 
stibophen. 

NH(CH2)2N(C2H5)2 

H03S 

HO3S 0 - / 3 ~ SOaH 

N=N-^^, ,A> T Y Sb. / •V2 W HO 
N" HO3S 

XII 

Many of the intermediate heterocyclic compounds are available 
commercially.6 Others were synthesized by known methods: 5-
aminobenzimidazolej'o-amino-l^-benzisothiazole^-aminobenzo-
[flquinoline,9 5-amino-2,l,3-benzothiadiazole,10 6-amino-2H-l,4-
benzothiazin-3(4H)one,u 5-aminobenzotriazole,12 3-aminodiben-
zofuran,13'14 2-aminodibenzothiophene,14'16 2-aminodibenzothio-
phene 5,5-dioxide,14'16 5-amino-2,4-dimethoxypyrimidine,17 8-
amino-5,6-dimethoxyquinoline,1S 3-amino- 10-ethylphenothiazine 
5,5-dioxide,'4''9 5-aminoisoquinoline,M o-amino-8-methylquino-
line,21 2-aminopyridine 1-oxide,22 and 1-thianthrenamine.14'23 N-
(2-Diethylaminoethyl)-l,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.24 

The [4-(aminoalkylamino)-l-naphthylazo ]heterocy-
clic compounds described in the present communica
tion 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.226 Among the simple (4-
amino-l-naphthylazo)heterocyclic compounds described 
previously,3 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)-l-naphthyl-

(6) 4-Aminoantipyrine, 2-aminobenzothiazole, 5-amino-2,3-dihydro-l,4-
phthalazinedione, 3-aminoquinoline, 8-aminoquinoline, 5-aminouraeil, 2-
aminothiazole, barbituric acid, 3-methyI-l-phenyl-2-pyrazolin-5-one, 8-
quinolinol, and 1,2,3,4-tetrahydroquinoline were purchased from Distillation 
Products Industries, Rochester 3, N. Y.; o-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. S. Patent 2,336,684 (December 14, 1943). 
(8) K. Fries, K. Eishold, and B. Vahlberg, Ann., 454, 264 (1927). 
(9) W. J. Clem and C. S. Hamilton, J. Am. Chem. Soc, 62, 2349 (1940). 
(10) L. S. Efros and R. M. Levit, J. Gen. Chem. USSR2S, 183 (1955). 
(11) A. Mackie and J. Raeburn, J. Chem. So,:., 787 (1952). 
(12) K. Fries, H. Guterbock, and H. Kuhn, Ann., 511, 229 (1934). 
(13) H. Gilman and S. 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) X. M. Cullinane, C. G. Davies, and G. I. Davies, J. Chem. Soc, 1435 

(1936). 
(16) H. Oilman and J. F. 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. 77, 4816 (1955). 
(19) II. Gilman, R. T. Ingham, J. F. Champaigne, Jr., J. W. Diehi, and 

R. O. Ranck, J. Org. Chem., 19, 560 (1954). 
(20) J. 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 S. Miyano, ibid., 76 2785 (1954). 
(23) H. Gilman and C. G. Stuckwiseh, ibid., 65, 1401 (1943). 
(24) G. Thyagarajan, G. S. Sidhu, and S. H. Zaheer, Indian Patent 76,681 

(March 17, 1902); Chem. Abstr., 57, 150819 (1962). 
(25) For a description of test methods, see P. E. Thompson, J. E. Meisen-

helder, and H. N'ajarian, Am. J. Trop. Med. Hyy., 11, 31 (1902). 

azo]heterocyclic compounds of structure III.2 Com
pounds IV, VIII, XIc, Xle, and XIII 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 97-100% 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,26'26 the 
tris(p-aminophenyl)carbonium salts,2527 4,4'-(hepta-
methylenedioxy)dianiline dihydrochloride,2829 N-[5-(p-
aminophenoxy)pentyl]phthalimide,30 or 3-[4-(3-chloro-
p-tolyl)-l-piperazinylcarbonyl]acrylic acid2,31 under 
comparable experimental conditions. 5-[4-(2-Diethyl-
aminoethylamino)-l-naphthylazo]uracil (XIII) was se
lected for expanded laboratory studies and for trial 

NH(CH2)2N(C2H5)2 

HO^-N-

N = N -
>]—OH 
N XIII 

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

Among compounds of structure III, activity is abol
ished or drastically reduced when Ri and/or R2 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)-l-naphthylazo]uracil (V) 
was devoid of activity, as were representative 4-azo-l-
(dialkylaminoalkyl)aniline derivatives.32 

Experimental33 

Preparation of [4-(Aminoalkylamino)-l-naphthylazo]hetero-
cyclic Compounds (III) (Tables I-IV). Method I.—A solution 
of 41.2 g. (0.325 mole) of 5-aminouracil6 in 11. of 50% 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 l-(2-diethylaminoethyl-
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 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. Gonnert, Ann. Trop. Med. Parasitol., 42, 256 
(1948). 

(27) E. F. Elslager, F. 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). 
(29) R. F. Collins, M. Davis, N. D. Edge, and J. Hill, ibid., 13, 238 (1958). 
(30) R. F. Collins, M. Davis, N. D. Edge, J. Hill, H. W. Reading, and 

E. R. Turnbull, ibid., 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 time this manuscript was submitted 
for publication. 
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crude product from ethanol-water afforded 5-[ l-(2-dietliyl-
aminoethylamino)-l-naphthvlazo]uracil as bright red crystals, 
m.p. 210-211°. 

Method II.—A solution of 6.9 g. (0.1 inolei 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-aminopyridine6 in 250 nil. of water 
and 35 ml. of concentrated hydrochloric 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 l-diethylamino-3-! 1-
naphthylamino)-2-propanol4 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 extracted with 
chloroform. The combined chloroform extracts were washed 
thoroughly with water and dried over anhydrous sodium sulfate. 
The drying agent was collected by filtration, the chloroform was 
removed in racuo, and the residue was dissolved in ether and 
treated with anhydrous hydrogen chloride. The purple hydro
chloride salt that separated was collected by filtration and crys
tallized from an ethanol-ether mixture. After drying in racuo 
for -IS hr. at 40°, the sample was allowed to equilibrate in the air. 
The reddish brown 1-diethylamino-3-[4-( 3-pyridylazo)-l-naph-
lhylamino]-2-propanol trihydrochloride hemihydrate thus ob
tained melts at 154-157°. 

Method III.—A solution of 5.0 g. (0.05 mole; of 2-aminotbia-
zole° in 250 ml. of 5 0 ^ sulfuric acid was cooled to — 10° and 
nitrosyl sulfuric acid (3.5 g. of sodium nitrite in 35 nil. 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 
I-(2-(l-naphthylamino)ethyl]piperidine4 in 250 ml. of Kit) sul
furic acid. The solution became dark red. After stirring for 2 
hr. at 0° to —10°, 1 1. of water was added, giving a purple solu
tion. Stirring was continued for 1 hr. and the mixture was made 
alkaline with aqueous sodium hydroxide with cooling. The 
mixture was stirred for 24 hr. and the crude dye was collected 
by filtration and washed with copious amounts of water to remove 
inorganic salts. The product was dissolved in chloroform; the 
chloroform solution was washed well with water, dried over 
anhydrous potassium carbonate, and the solvent removed in 
vacuo. The viscous residue was dissolved in acetone and pre
cipitated by pouring the acetone solution into water. I'pon 
heating the suspension, a crystalline solid separated which was 
collected by filtration and dried in vacuo at 45°. Crystallization 
from an ethanol-water mixture gave I-|2-|4-(2-thiazolylazo)-l-
naphthylamino]ethyl Ipiperidine as shimmering emerald green 
crystals, m.p. 135-137°. 

Method IV.— A mixture of 4.4 g. (0.01 mole) of X-(2-bromo-
ethyl)-4-(3-dibenzofuranylazo)-l-naphthylamine (VII) and 50 
ml. of piperidine was heated on the steam bath for 1 hr. The red 
solution was poured into 1 I. of water and the product which pre
cipitated was collected by filtration, washed thoroughly with 
water, and dried in vacuo at 55° for IS hr. Crystallization from 
acetone gave the desired l-!2-[4-(3-dibenzofuranylazo)-l-
naphthvlaminojethvll piperidine as glistening red crystals, m.p. 
104-165°. 

Method V.—To a stirred solution of 9.75 g. (0.025 mole; of 
\-(4-amino-l-naphth,yl)-N'-(2-diethylaminoethyl)-2,2,2-trifluoro-
acetamide monohydroehloride5 in 90 g. of water and ice 
containing 4.5 ml. of concentrated hydrochloric acid was 
added 25 ml. of M 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 hydrochloric acid and 275 g. of ice and 
water. After stirring for 1 hr. at 1-12° and 1 hr. at 12-1S°, a 
solution of 8 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 concentrated ammonium hydroxide, and dried 
in vacuo. The crude X-[4-(2,6-diamino-3-pyridylazo)-l-naph-
thyll-N-(2-diethylarninoethyl)-2,2,2-trifiuoroacetamide (12.0 g., 
0.025 mole) was 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 ml. of water. Stir
ring was continued for 25 hr., after which time excess Dry Ice 
was added and the mixture was diluted with ice water to a volume 
of 1 I. 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

bined with the previous crop. The combined solids were dis
solved in 300 ml. of 2-propanol, filtered, and the filtrate was con
centrated to 250 ml. and treated with 12 ml. of a 2 Y 2-propanol 
hydrogen chloride mixture. The precipitate was collected and 
crystallized from a dimethylformamide -2-propanol mixture I" 
give 2,(i-dianiino-3-! 1-; 2-diefhylaminoethylamino i-1-naphthyl-
azo'pyridine monohvdrochloride as black crystals, in p. 23 Y~ 
dec. 

Method VI. X-( 1-Aniinn-l-naplithyl i-X-( 2-diet hyla mi no-
ethyl,)-2,2,2-trifluoroacet amide monohydroehloride5 (9.75 g.. 
0.025 mole) was diazotized according to the procedure described 
under method V. To this cold diazonium salt solution was then 
added 100 g. of ice, followed by the slow addition of a warm 
solution of 3.2 g. 4).025 mole) of barbituric acid" in -1.2 mi. (0.025 
mole) of 0 A' aqueous sodium hydroxide. 2.1 g. (0.025 mole i of 
sodium bicarbonate and 200 ml. of water. The resulting golden 
orange suspension was stirred for 1 hr. al ()'', a, mixture of 25 ml. 
(0.025 mole) of .1/ sodium bicarbonate and 4 2 ml. (0.025 mole i of 
6 A aqueous sodium hydroxide was added, arid the mixture w as 
allowed to warm slowly to room temperature. Stirring was con
tinued for -IS hr. and the brown gelatinous precipitate was col
lected by filtration. It was resuspended in water, stirred for Is 
hr., arid treated with an excess of Dry Ice. The suspended solid 
was collected, washed with water, and dried. Crystallization 
from an ethanol-dimethylformamide mixture afforded the de
sired 5-14-1 2-diet hylaininoethylaminoi- 1-naphthvlazo (barbituric 
acid as reddish black crystals, m.p. 209-213", 

2-! 4-[3-Dimethylamino-2-methylpropyl)amino|-1-naphthyl-
azoI pyridine 1-Oxide (IV).—To a solution of 7.33 g. (0.05 mole) of 
2-aminopyridine ]-oxide monohydroehloride-2 in 300 ml. of water 
containing 13 ml. (0.15 mole) of concentrated hydrochloric acid 
was added at 0C a solution of 3.5 g. (0.05 mole) of sodium nitrite 
in 50 mi. of wafer. The mixture was stirred at 0° for 0.5 hr. and 
added portionwise to a solution of 12.1 g. (0.05 inolei of X.X-di-
ethyl-2-methyl-X'-l-naphthyl-1.3-propanediainine1 in 200 ml. of 
9 5 ' , ethanol while maintaining the temperature between —5 
and 5° by external cooling. After 0.5 hr., the reaction mixture 
was diluted with water to a volume of 3 I., made strongly alkaline 
with concentrated sodium hydroxide, and the oily precipitate 
that separated was extracted with several portions of chloroform. 
The combined chloroform extracts were washed with water, dried 
over anhydrous potassium carbonate, and evaporated to dryness 
in racuo on the steam bath. The residue was crystallized from 
a methanol-acetotiitrile mixture to give 4.(1 g. ( 2 5 ' , s of green-
black irridescent crystals, m.p. 1S5-IS00 dec. 

Anal. Calcd. for ("'..,H-.X.-.O: C. 1)9.-10; II. 9.93: N. 19.27. 
Found: C, 09.71; H.fi.91: X, 19.21. 

5-[2-(2-DiethylaminoethyIamino)-l-naphthylazoluracil (V . 
5-Aminouracil" (9.0 g\, 0.0752 mole) was diazotized and coupled 
with IS.2, g. li).0752 mole) of 2-( 2-diethylaminoethylamino) 
naphthalene31 according to the procedure described under method 
I. The product (V i was obtained as red crystals from dimethyl
formamide water, m.p. 227-228°: yield. 15.0 g. (53'',' ). 

Anal. Oded. for (\.,„H,,,X,<>-.: C. 03.1-1: H, 6.36; X. 22.09. 
Found: C, 63.26; H.15.23; X, 22.03. 

N,N-Diethj 1-2-14-( 3-quinolj lazo)-l-naphthylaminoj acetamide 
(VI).- 3-Aminoquinoline (2.42 g.. 0.016s mole!6 was diazotized 
and coupled with 1.30 g. '0.0108 mole) of X.X-diefhyl-2-i I-
napbthylaniino lacotamide according to method I. The product 
crystallized from ethanol as red needles. .1.0 g. (67' , ). m.p. 167 
169°. 

Anal. Calcd. for ('-dl^X;,* >: C, 72.97: II, 6.12: N, 17.02 
Found: C,72.86; H.0.10: X, 17.01. 

N-(2-BromoethyIi-4-(3-dibenzofuranyIazo)-l-naphthylamine 
(.VII).—A suspension of 18.3 g. (0.1 mole) of 3-aminodibenzo-
furan13 in I 1. of water containing 35 ml. (0.3 mole) of 4 8 ' , 
aqueous hydrogen bromide was cooled to 0° and to it was added 
slowly 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 resulting 
yellow 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 X-(2-
bromoethyl)-l-naphthylaiiiine hydrobromide4 in 300 ml. of water. 
The thick purple suspension thus obtained was stirred for 2 hr. 
at room temperature and the solid was collected and dried //, 
vacuo at 55° for 18 hr. The hydrobromide salt was converted 
to (he base by grinding in a mortal' with a mixture of concentrated 
sodium hydroxide solution and acetone, the base was extracted 
with chloroform, and the red chloroform solution was dried over 

: i l ; II. A. IV:ik a n d 'I'. I. Wji tkms. ./. <"/,,»,. S,.r.. I t ; , : Ml.,IJi . 



November, 1963 PHOSPHINYL- AND PHOSPHINOTHIOYLAMIXOPENICILLANIC ACIDS 653 

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. (48%), m.p. 157-
158°. 

Anal. Calcd. for C24H18BrX30: C, 64.87; H, 4.08; Br, 17.99. 
Found: C, 64.86; H,4 .13; Br, 17.74. 

N-( 2-Chloroethyl) -4-(3-dibenzofuranyIazo) -1 -naphthylamine. 
—A suspension of 18.3 g. (0.1 mole) of 3-aminodibenzofuran13 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 l-(2-bromoethyl)aminonaphthalene hydrobromide4 

in 1 1. of 9 5 % 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 
hydrochloric 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. Calcd. for C24Hi8ClX30: C, 72.09; H, 4.54; CI, 8.87. 
Found: C. 71.89; H.4.74; CI, 8.95. 

1 -(2-DiethyIaminoethyl) -6- [4-( 2-diethylaminoethylamino) -1-
naphthylazo]-l,2,3,4-tetrahydroqiiinoIine Dihydrochloride (XI d). 
—Utilizing method V, 11.7 g. (0.03 mole) of N-(4-amino-l-
naphthyl) - X - (2 - diethylaminoethyl) - 2,2,2 - trifluoroacetamide 
monohydrochloride6 was diazotized and coupled with 7.0 g. 
(0.03 mole) of X-(2-diethylaminoethyl)-l,2,3,4-tetrahydroquin-
oline. Hydrolysis of the crude trifluoroacetamide gave 4.0 g. 
(23% over-all) of product as maroon crystals, m.p. 195-198.5°. 

Anal. Calcd. for C8,H«X«-2HC1: C, 64.90; H, 8.08; X 
14.65; CI, 12.36. Found: C, 64.42; H, 8.20; X, 14.53; CI, 
12.27. 

N-(2-DiethylaminoethyI)-l,2,3,4-tetrahydroquinoline.—A mix
ture of 111.0 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 was stirred with 10% 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 

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. 

as a pale yellow oil, b.p. 98-103° (0.2 mm.), W2SD 1.5411; vield, 
56g . (29%). 

Anal. Calcd. for GSH24X2: C, 77.53; H, 10.41; X, 12.06. 
Found: C, 77.61; H, 10.47; X, 12.24. 

N,N-Diethyl-2-(l-naphthylamino)acetamide.—To a suspension 
of 16.1 g. (0.33 mole) of 5.0% 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 X,X-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 in 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. (5%) 
of colorless plates, m.p. 92-98°. 

Anal. Calcd. for C,6H20X2O: C, 74.96; H, 7.86; X, 10 93. 
Found: C, 75.17; H, 7.79; X, 11.04. 

3- [4-( 2-Diethylaminoethylamino) -1-naphthylazo] pyridine Salt 
with 1/2 F. Wt. 2-(4,6-Disulfo-l,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 trihydroehloride • 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. (83%), m.p. > 200°. 

Anal. Calcd. for C21H25XY0.5 Ci2H90,6S4Sb: X, 10.32; S, 
9.45. Found: N, 10.10; S, 9.01. 
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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 
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A novel class of X-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 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. 


