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ring and cooling until just basic. The solid was filtered and 
washed with benzene and water. 
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A series of N-mono- and Xf,N-dialkyl-Xf'-l-naphthylalkylenediamines were prepared by: (1) alkvlation of 
1-naphthylamine with an alkylaminoalkyl halide; (2) reductive alkvlation of 1-naphthylamine with an amino 
aldehyde or ketone; (3) treatment of a X-(u-haloalkyl)-l-naphtliylamine with an amine; (4) reaction of 1-
naphthol with an alkvlenediamine: (5) the action of ethylene oxide, aldehydes, or alkyl halides on a N-( l -
naphthyl)ethylenediamine. The use of sodium hydrosulfite in the Bucherer reaction with 1-naphthol is described. 
1-(1-Naphthyl)aziridine was prepared by the action of strong base on XT-(2-bromoethyl)-l-naphthylamine. 

During the course of continuing efforts in these 
Laboratories to develop new schistosomicidal agents, it 
was discovered that various 4-(aminoalkylamino)-l-
naphthylazo heterocyclic compounds of structure I 
exhibit strong therapeutic activity against Schistosoma 
rnansoni infections in experimental animals.12 The 
synthesis of many of these azo compounds required the 
preparation of the corresponding N-mono- and X,X-di-

NH—Y-NR,R2 

CHART A 

N=N—Het 

I 

alkyl-N'-l-naphthylalkylenediamines (II), where Ri 
and R2 represent hydrogen, alkyl, or aralkyl groups, Y 
an alkylene radical, and X a hydrogen or halogen atom 
or alkoxy group. This paper describes in detail the 
methods used for the synthesis of these intermediates. 

Chart A outlines the major synthetic routes used in 
the present work. The classic technique for the attach­
ment of an alkylaminoalkyl side chain to an aromatic 
amine involves alkvlation of the amine with an alkyl­
aminoalkyl halide in ethanoF or in a hydrocarbon sol­
vent in the presence of an acid acceptor such as potas­
sium carbonate.4 Where the alkylaminoalkyl halides 
are readily available,6 the latter method affords a con­
venient route since the salts can be used directly 
(method I, Tables I and II). When the carbonate pro-

(1) E. F. Elslager, D. B. Capps. L. M. Werbel, D. F. Worth, J. E. Meisen-
helder, H. Najarian, and P. E. Thompson, J. Med. Chem., 6, 217 (1963). 

(2) E. F. Elslager, D. B. Capps, D. H. Kurtz, L. M. Werbel, and D. F. 
Worth, ibid,, 6, 646 (1963). 

(3) D. A. Peak and T. I. Watkins, J. Chem. Soc, 445 (1950). 
(4) M. A. Stahmann and A. C. Cope, J. Am. Chem. Soc, 68, 2494 (1946). 
(5) The hydrochloride salts of N,N-dimethyl-2-chloroethylamine, 2-

chlorotriethylamine, N-(2-chloroethyl)diisopropylamine, N,N-diethyl-3-
chloropropylamine, N,N-dimethyl-2-chloropropylamine, and 3-chloro-N,N,2-
trimethylpropylamine were purchased from the Michigan Chemical Co., St. 
Louis, Mich.; 2-bromotriethylamine hydrobromide from Columbia Organic 
Chemical Co., Columbia, So. Carolina; N-2-chloroethylpyrrolidine hydro­
chloride from the Aldrich Chemical Co., Milwaukee, Wis. 

N=C(CH2)XNR.R, 

NH—Y—NR,R, 

NH-Y—NH, 

X-Y-XR.R 

OH 

cedure gave poor yields or where it was necessary to 
prepare the intermediate aminoalkyl halides6-14 from 
the corresponding amino alcohols, it was often ad­
vantageous to pre-form the more reactive anion of the 
aromatic amine, utilizing sodium hydride (method II, 
Tables I and II) or sodamide. Although no extensive 
comparisons of these methods were made, the sensi­
tivity of the reaction to temperature and base is il­
lustrated by the condensation of 1-naphthylamine with 

(6) W. 13. Wright, Jr., H. J. Brabander, and R. A. Hardy, Jr., ./. Org. 
Chem., 26, 2120 (1961). 

(7) J. B. Wright, E. H. Lincoln, R. V. Heinzelmann. and J. H. Hunter, / . 
Am. Chem. Soc, 72, 3536 (1950). 

(8) F. Blicke, U. S. Patent 2,922,795 (1960). 
(9) R. B. Moffett and B. D. Aspergren, / . .4m. Chem. Sot-., 79, 4451 

(1957). 
(10). J. P. Mason and H. W. Block, ibid., 62, 1443 (1940). 
(11) S. Gabriel and J. Colman, Ber., 39, 2879 (1906). 
(12) 0 . Magidson and I. Th. Strukov, Arch. Pharm., 271, 569 (1933). 
(13) S.-T. Lu, C.-K. Liu, C.-S. Yang, T.-H. Chu, and C.-C. Chang, 

Hua Hsiieh Hsileh Pao, 22, 589 (1956); Chem. Abstr., 52, 12866a (1958). 
(14) H. C. Klein and I. A. Kaye, J. Am. Chem. Sor., 70, 1283 (1948). 
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X(C2Hr/)2 

X[(CH2)2]2XH 
X(C2HS)2 

XCH3CH(CH3)2 

XC2H6(CH2)2OH 
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X[(CH2)2OH]2 
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XHCH(CH2) , 
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X(CH2CH-==OH2)2 

XHCH(CH2)S 
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142-143 ,0 1 ; 
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Purifi­
cation 

solvent^ 

A 

A 

B 

0 

I 
n 

K 

E 

Formula 

C ^ H i s X ^ CeH^NgO?0 ' ' 

C14H18N2 

C , 4 H 1 8 N 2 0 - C 6 H 3 N 3 0 7
d . ' 

C I 3H2„N2 

C16H2()N2 

C I 8 H J O N 2 0 - 2 H C 1 ' 

CnHi i iC lNs -HC] 

C16H21CIN2 

Ci6H2iAg 

Ol6H22IS 2 

C16H22X2 

Ci 6 H 2 2 N a O 

Cl6H22iN20 

Ci6H 2 2 X 2 0 2 

C n H 2 2 N 2 

CnH22iN 2 

C17H22N2 

C H 2 2 N 2 O 

C i 7H22N 20 

1 . 7 5 H C P 

HG1 

- Carbon, 

Calcd, 

54.17 
78.46 
52.28 
78.90 
73.73 
79.95 
79.95 
58.36 
61.34 
56.42 
75.25 
79.29 
79.29 
74.37 
74.38 
61.82 
80.26 
80.26 
80.26 
75.52 
75.52 

% —. 
Found 

54.30 
78.28 
52.38 
78.70 
73.23 
80.26 
79,54 
58.50 
61.64 
56.03 
75.19 
79.20 
79.04 
74.05 
74.60 
61.69 
79.99 
80.08 
80.12 
75.55 
75.64 

. Hydr 

Calcd. 

4.77 
8.46 
4.61 
8.83 
8.25 
8.39 
8.39 
6.74 
7.08 
6.73 
8.29 
9.15 
9.15 
8.58 
8,58 
7.46 
8.72 
8.72 
8.72 
S.20 
8.20 

ogen, % . 

Found 

4.81 
8.64 
4.63 
8.80 
8.19 
8.69 
8.41 
7.04 
7.26 
6.74 
S. 22 
8.88 
9.44 
8.46 
S.65 
7.40 
8.68 
S.89 
8.83 
8.30 
8.40 

. Nitrogen 

Calcd. 

15.80 
13.07 
15.25 
12.27 
11.47 
11.66 
11.66 
8.51 
8.94 
8.23 
16.46 
11.56 
11.56 
10.85 
10.85 
9.01 
11.02 
11.02 
11.02 
10.36 
10.36 

, % • 

Found 

15.98 
13.16 
14.97 
12.36 
11.55 
11.76 
11.75 
8.50 
8.84 
8.21 
16.52 
10.80 
11.49 
11.07 
11.05 
9.18 
11.25 
10.88 
11 .27 
10.52 

10.51) 

C H 2 4 N 2 ' 

C17H24A20 

Ci 7 H 2 4N 2 0 

Cl7H24N202 

Ci8H22N2 

Ci8H24N2 

Ci8H24N2 

C!8H24N2 

Cl8Il24X2 

Ci 8 H 2 4 N20 

CisHzsNsO-SHCl" 
C1SH26N2 

Ci5H2 6N2()2 

CisH 26N 20 2 

Ci8H2-N3 

Ci9H2oX*2-HCl 
Cl 9H26XL. 

G19X 26^2 
C 2 o H 2 2 N V H C r 

C2otl26-N 2 
C20H2SN2 * H B r 
C2oH28N2•HCl , , 

75.80 
79.64 
74.96 
74.96 
70.80 
81.15 
80.55 
80.55 
80.55 

80.55 
76.02 
52.88 
79.95 
75.48 
71.49 
75.74 
72.94 
80.80 
80.80 
73.49 
81.58 
63.65 
72.15 

75.88 
79.40 
74.61 
75.09 
70.47 
81.14 
80.40 
80.48 
80.43 

80.87 
76.07 
52.56 
79.88 
75.45 
71.54 
75.31 
73.11 
80.61 
81.11 
72.91 
81.31 
63.78 
71.54 

8.61 
9.44 
8.88 
8.88 
8.39 
8.33 
9.01 
9.01 
9.01 

9.01 
8.51 
6.90 
9.69 
9.15 
8.67 
9.54 
6.77 
9.28 
9.28 
7.09 
8.90 
7.75 
8.78 

8.66 
9.49 
8.89 
8.62 
8.37 
8.29 
9.07 
9.05 
9.15 

8.96 
8.55 
6.95 
9.93 
9.07 
8.63 
9.47 
6.68 
9.35 
9.53 
6.95 
8.75 
7.91 
8.79 

15.60 
10.93 
10.29 
10.29 
9.72 
10.52 
10.44 
10.44 
10.44 

10.44 
9.85 
10.28 
10.36 
9.78 
9.27 
14.72 
8.96 
9.92 
9.92 
8.57 
9.52 
7.43 
8.42 

15.81 
11.07 
10.42 
10.15 
9.69 
10.68 
10.55 
10.58 
10.45 

10.52 
9.93 
10.34 
10.53 
9.80 
9.75 
14.80 
8.94 
10.13 
10.10 
8.68 
9.71 
7.82 
8.45 

C2oH2sN2 8 1 . 0 3 8 1 . 1 1 9 . 5 2 .49 9 . 4 5 9 . 5 6 

C2oHsoN2 

C2oH3oN2 

G2oH3oI\ 2 0 2 

C2oH3iNa 

80.48 
80.48 
72.69 
76.63 

80.87 
80.07 
72.45 
76.29 

10.13 
10.13 
9.15 
9.97 

10.16 
10.35 
9.25 
9.90 

9.39 
9.39 
8.48 
13.40 

9.36 
9.44 
8.70 
13.55 

C2lll22iS 2 83.40 83.62 7.33 7.48 9.27 9.28 
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TABLE I [Continued' 

Compd 

54 
55 
5(i 
•">7 

5,N 

30 
60 

$3 
N C H s 0 H = C H 2 0 H ( C H s ) . 

0' (CH2)2N(CH;!; 

XkOH2)2]2OH(CH2;2X(CH5(, 
XCH3(CH2)2X[CH(CH3)2]2 

X[CH(CH2),12 

X(02H5)2 

N'i(CH2)2],CH(ClI2)2N(CH2)4 
N"1(CH2)2]2CH(CH2)2X[(CH2)2]20 
N[(CH2\.lsCH(C ,H,)..N7CH2)5 

B.i>.„ i : C. (mm.) 

;252-25^/ 

Id 

H 

H 
H 
II 
7-OfOH2 

H 
H 
II 

)2X(,C2H5'!2 

ISO l (1 .4 : 

I7lli() 1)7") 

203 1.0.3.) 
I31(,().2j 
i 180-18:-}) 
196-108(0.2) 
< 258-262) 
1261-265 d e c ; 

221- 224) 

l. 5933 

Yield 
purified, 

18 

26 

13 

VI11 

VII 

VII 

1.5913 
1.5613 

1.5615 

62 
56 

8 
22 
i) 

70 
38 

VII 
\ II 
VII 
II 
VII 
VII 
VII 

S >CH2CH2N(CH2)5 

-N 
H 1S5-ISN! VIII 

02 X1(CH2)2N(,('2H,)2]... II 177iO.Ii 1.5563 22 V11I 
63 X[iCH2)3N(C2H,)2]2 H 207-208 (0. I ; 1.5467 40 VIII 
64 X rOH2CeH5(CH2U)OeH6 II 95-97, 10 XII 

" Where analytical values for salts are given, yields are for materials isolated directly froiu the reaction mixtures unless indicaO 
otherwise in the footnotes. Liquids are colorless or pale yellow in color and often exhibit a purple fluorescence, rfolids are colorlc 
or off-white. * A, etlianol-methanol; B, 2-propanol: C, dimethylformaniide-ethyl acetate: D, ethanol: K. benzene: F, median 
Or, dimethylformamide: H, methanol-2-propanol: 1, ethanol-ether. c Base. b.p. 134.5-136° (0.3 mm). '' OOFUX'SOT represents pic 
acid: analyzed as the picrate, yields indicated are for the distilled free bases. ' Base. b.p. 188-103° 10.3-0.4 mm.): A mil. ("ah 
for CUHIJXOO: 0 ,73 .01 ; H, T.SS; X, 12.17. Found: 0 ,72.65; H, 7.97: X, 12.00. •' Reported previously by M. A. Stahmann a 
A. O. Oope, ./. .1//). Chrm. Soc. 68, 2404 (1946). "Picrate from ethanol-methano]. m.p. 158-160°. * 0), Oalcd.: 28.63. Font 
2,8.95. 'Solidifies, m.p. 5s •60°. •' Monohvdrochloride, m.p. 138-140°. * 01. Oalcd.: 26.02. Found: 26.11: base b.p 102° 07 

3-chloro-X,X",2-trimethylpropylamine.5 The carbonate 
procedure in toluene gave only 13% of the desired 
X",X,2-trimethyl-X'-1 -naphthyl-l,3-propanediamine. 
The substitution of xylene as the solvent raised 
the yield to 06%, while the use of sodium hydride in 
xylene increased the yield to 93%.. Sodamide in 
xylene1516 gave 7o% of the product, although a shorter 
reflux period was used. Similarly, alkylation of X-
methyl-1 -naphthylamine with l-(3-chloropropyl)piper-
idine using the xylene sodium hydride technique gave 
the desired alkylated naphthylamine in 42% yield, 
whereas attempts to alkylate the amine with 2-chloro-
triethylamine hydrochloride utilizing the benzene 
potassium carbonate method failed. When 2-bromo-
triethylamine hydrobromido was substituted for 2-
chlorotriethylamine in the latter procedure, the desired 
X,X-diethyl-X*'-methyl-X'-l-naphthylethylenediamine 
was obtained in 46% yield. These results suggest 
that alkylaminoalkyl bromides could be used to 
advantage in certain instances where low yields are 
obtained with the alkylaminoalkyl chloride-sodium 
hydride method. 

The availability of certain amino aldehydes and ke­
tones17-ls prompted us to investigate their usefulness in 

\v. mil .1. F. A. Williams. ./. Ch, fl.')i N. )'.. Chapin 
402-1 (1952). 

(16) O. F. (4 rail, I;. K. Tenelilmum, A. V. Tolstoouhov, ('. .1. Dura, ,1. 1'. 
Reinhard, I\ K. Anderson, and J. V. Seudi, ./. AM. Cl,,:m. .-,'«,-.. 74, 131:1 
(1952;. 

(1.7) 1-Methyl- 4-piperidone and 5-diethyla!niuo-2-pentanone were pur­
chased from the Aldrich Chemical Co., Milwaukee, Wis., and 3-diethyl-
amino-2,2-dimethylpropionaldehydo frnm Distillation Products Industries, 
Rochester, N. Y. 

(18) a< a-] Hmethylpyriolutinopropionaldehyde and a,a-dimethylpiperi-
dinopropionaldehyde were made available through the courtesy of Dr. J. M. 
Straley. Tennessee Kastman Co., Kinirsport, Tenn. 

the preparation of naphthylalkylenediamines. Jn J!*42. 
Bergman19 described the preparation of X^N'-diethyl-
X"4-l-naphthyl-l,4-pentanediamine by the reductive al­
kylation of 1-naphthylamine with o-diethylamino-2-
pentanone utilizing a 5% palladium barium sulfate 
catalyst in the presence of diethylaniline hydrochloride. 
This procedure proved unsatisfactory in our Lab­
oratory. Alternatively, pre-forming the Setoff base by-
heating 1-naphthylamine and the appropriate amino 
aldehyde or ketone with a small amount of p-tolueue-
sulfonic acid in an aromatic solvent, followed by hy-
drogenation in methanol over palladium on charcoal 
(method III, Tables I and II) provided the desired 
products in satisfactory yields. With 1-diothylamino-

NHCH, CH2N(C2H5)i 

methyl-3-cyclohoxene-i-carboxaldehyde and 1-naph-
thylamine, reductive alkylation gave, as expected, 
X",X"-diethyl-X'-l-naphthyl-l,l-cyclohexanebis(methyl-
amine) (III) rather than the cyclohexene derivative. 
The structure III was assigned on the basis of hydrogen 
uptake, microanalytical values, and the n.m.r. spec­
trum (CC1„ 60 Ale), which showed no ethylenic proton 
peak at 4.4 r. This peak was present in curves of 3-
cyclohexene- 1-carboxaldehyde and 1 -diethylamii 10-
methyl-3-cyclohexene-l-carboxaldehyde. 

The ring-substituted 1-naphthylamine precursors 
used in the foregoing reactions arc available coni-

,l(o K, Bergman, British Patent 547.:j()l 'August 21, 1942',. 
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Purifi­
ca t ion 

so lven t ' 

H 

F 

F 
A 
A 

F o r m u l a 

C21H2SA 2 • H C 1 

C21H28N2 

C21H31N3 

C2iH3iN3-2HC1.0.33H2O'''s 

C21H33N3 

C22H30N2 • H C 1 

C 2 2 H 3 i , N 3 0 

C23HS3Ns-2HCr 
C23H33N30 • 2HC1 • 0.25H2O,,•," 
C24H35X3 • 2 H C 1 

, Carbon , 
Calcd. 

73.12 

81.77 

77.49 

62.37 
77.01 
73.61 
73.90 
65.08 
62.08 
65.74 

% . 
F o u n d 

73.20 

82.07 

77.57 

62.14 
76.74 
73.65 
73.52 
64.87 
62.26 
65.96 

, Hydrogen , 
Ca lcd . 

8.47 

9.15 

9.60 

8.39 
10.16 
8.71 
9.87 
8.31 
8.04 
8.51 

, % . 
F o u n d 

8.51 

9.22 

9.80 

8.24 
10.06 
8.42 
9.72 
8.27 
7.94 
8.34 

.——Nitrogen, 
Calcd . 

8.12 

9.08 

12.91 

10.39 
12.83 
7.81 

11.75 
9.90 
9.44 
9.58 

% . 
F o u n d 

8.22 

9.17 

13.12 

10.29 
12.92 

7.59 
11.52 
9.74 
9.09 
9.70 

C24H35N3-2HC1" 65.74 65.43 8.51 8.64 9.58 9.50 

C2.1H.10N4 

C26H44NJ 

C27H28NjO 

mm.). 1 Yield expressed as base, b.p. 174-6' 

74.95 75.18 10.48 10.28 14 57 
75.67 75.37 10.75 10.52 13.58 
81.78 81.56 7.12 7.05 7.07 

(0.3 mm.). m From N-1-naphthylethylenediamine. * CI, Calcd.: 10.85. 

14.66 
13.75 

7.19 
Found: 10.77. 

"Br , Calcd.: 21.18. Found: 21.21. v CI, Calcd.: 10.65. Found: 10.77, from the base, b.p. 187-191° (0.5 mm.). " CI, Calcd.: 10.28. 
Found: 10.49. ' Yield expressed as base, analyzed as the hydrochloride; CI, Calcd.: 17.53. Found: 17.78. s Water (Karl Fischer,), 
Calcd.: 1.49. Found: 1.51. ' CI, Calcd.: 9.88. Found:~9.53. * CI, Calcd.: 16.71. Found: 16.20. " CI, Calcd.: 15.94. Found: 
15.87. " W a t e r (Karl Fischer), Calcd.: 1.01. Found: 0.97. x CI, Calcd.: 16.17. Found: 16.02. "CI , Calcd.: 16.17. Found: 
15.99. l Reported previously by M. Yrokoyama, K. Iwata, and S. Toyoshima, Yakugaku Zasshi, 78, 428 H958); Chem. Abstr., 52, 
14573d (1958). 

TABLE II 

OTHER N - M O N O - AND N,N-DIALKYI^N'-1-NAPHTHYLALKYLENEDIAMINES<* 

R N - Y - N R j R z 

C o m p d . 
no. 

65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 

R 

H 
H 
H 
H 
H 
H 
H 
C H s 
H 
H 
H 
H 
H 
H 
C H s 
H 
H 
H 
H 
H 
H 
H 

- Y - N E 1 E i 

- C H ( C H i ) C H i N ( C H 3 ) ! 
—(CH2)SNT(CHS)2 
— C H K C H s h l s N C H a 
— C H s C H C C & D C H s N t C H d s 
— ( C H s ) i N H C H ( C H ) ) s 
— ( C H 2 ) s N ( C H 2 ) ( 

— ( C H 0 i X [ ( C H . ) ! ] i O 
- ( C H i ) . ( C ! H i ) i 
— C H S C C C H O J C H U N C C H J ) ! 

—(CHs)sN(C!Hs)s 
- C H ! C H O H C H ! N ( C : H I ) I 

- C E [ C H . N ( C H . ) . ] . 
- ( C H s l i X f C H i l i 
—(CH!) jS(CH;)2NCC.Hs) 2 

—(CH0«N"(CH!)s 

— C H 2 C ( C H > ) ! C H J N T ( C H S ) 4 

— C H I C C C H O S C H S N ' C C S H J ) ! 

— C H C H ! ( C H 2 ) 3 N ( C ! H B ) 2 

— (CH2)6X(C2Hi)2 
—CHsC(CHa) !CH! iN(CH2) . 
—(CH2)sNH(CH2)7CHs 
—CH2C(CH2) s CH 2 N(C2Ht )2 

B.p. , ° C . ( m m . ) 
or (m.p . , °C.) 

120(0 .2) 
146-151 (0 .8 ) 
144-145 ( 0 . 2 ) 6 

117-118 ( 0 . 1 5 ) ' 
150-155 (0 .25) 
153-155 ( 0 . 1 ) c 

(82-84) 
129-132 ( 0 , 5 ) 
141-143 (0 .75) 
150-154 (0 .12) 
176 (0 .5 ) 
136 (0 .3 ) 
165 (0 .2 )9 
164 (0 .1 ) 
128 (0 .07 ) 
(57-58) 
158 (0 .8 ) 
147-151 (0 .15 ) 
198-199 (1 .7 ) 
(74-76) 
182 (0 .2 ) 
161 (0 .07 ) 

n25D 

1.6050 
1.6040 

1.6130 

1.5713 
1.5850 
1.5800 

1.5836 

1.6015 
1.5725 

1,5803 
1.5730 
1.5740 

1.5630 

Yield 
pur i ­
fied, 

% 
32 
79 
66 
93 
65 
71 
72 
43 
72 
71 
31 
11 
75 
36 
42 
55 
47 
73 
47 
85 
27 
26 

M e t h o d 

I 
I V 
I I I 
I I 
V 
I 
V 
1* 
I I I 
I 
V 
IV 
I 
X 
I I 
I I I 
I I I 
I I I 
I 
I I I 
I V 
I I I 

F o r m u l a 

C15H20N2 
CuHsoNs 
C U H M N S 

C U H M N ' S 

C I « H « K S 

C U H M N ! 

C17H22N2O 
C U H M N V 

C1-H21N2 
C n H a N f ' 
CnH24N"2<y 
C11H21S1 
C.1H21X2 
C H H J O K S S 

CmHiiN"! 
Ci 9 H. s N2 
C19H2SX2 
C U H I S N J * 

CigHsiKs 
C20H28N2 
Cs iHuNs 
C22H32N2 

Carbon , % 
Calcd . 

7 8 . 9 0 
7 8 . 9 0 
7 9 . 9 5 
7 9 . 2 9 
7 9 . 2 9 
8 0 . 2 6 
7 5 . 5 2 
7 9 . 6 3 
7 9 . 6 3 
7 9 . 6 3 
7 4 . 9 6 
7 5 . 2 3 
8 0 . 5 5 
7 1 . 4 7 
8 0 . 8 0 
8 0 . 8 0 
8 0 . 2 3 
8 0 . 2 3 
8 0 . 2 3 
8 1 . 0 3 
8 0 . 7 1 
8 1 . 4 3 

F o u n d 

7 9 . 2 3 
7 8 . 7 9 
7 9 . 7 0 
7 9 . 2 0 
7 9 . 2 7 
8 0 . 3 2 
7 5 . 4 5 
7 9 . 6 9 
7 9 . 6 0 
7 9 . 2 4 
7 4 . 4 6 
7 5 . 0 2 
8 0 . 4 7 
7 1 . 0 2 
8 1 . 3 0 
8 0 . 9 3 
8 0 . 5 5 
8 0 . 2 0 
8 0 . 3 8 
8 0 . 9 0 
8 0 . 4 1 
8 1 . 4 0 

H y d r o 
Calcd . 

8 . 8 3 
8 . 8 3 
8 .39 
9 . 1 5 
9 . 1 5 
8.72 
8 .20 
9 . 4 4 
9 . 4 4 
9 . 4 4 
8 .88 
9 .29 
9 .01 
8 .67 
9 . 2 8 
9 . 2 8 
9 .92 
9 . 9 2 
9 .92 
9 . 52 

10 .32 
9 . 9 4 

gen, % Xitrog 
F o u n d Calcd . 

8 .87 
9 . 0 9 
8 .59 
8 .98 
8 .99 
8 .69 
8 .29 
9 . 8 2 
9 . 4 1 
9 . 4 8 
8 .47 
9 . 0 4 
9 . 1 1 
8 . 6 5 
9 . 5 7 
9 . 1 4 
9 . 9 2 
9 . 9 3 
9 . 9 0 
9 . 3 5 
9 . 9 1 
9 . 4 8 

12 .27 
12 .27 
1 1 . 6 6 
11 .56 
1 1 . 5 6 
11 .02 
1 0 . 3 6 
1 0 . 9 3 
1 0 . 9 3 
1 0 . 9 3 
1 0 . 2 9 
1 5 . 4 8 
1 0 . 4 4 

9 . 2 6 
9 . 9 2 
9 . 9 2 
9 . 8 5 
9 . 8 5 
9 . 8 5 
9 . 4 5 
8 .97 
8 . 6 3 

;en. % 
F o u n d 

12. 10 
1 1 . 9 3 
11 .72 
11 .55 
1 1 . 0 0 
11 .32 
10 15 
1 0 . 8 9 
1 1 . 0 8 
1 1 . 1 5 
1 0 . 4 8 
1 5 . 6 7 
1 0 . 5 6 

9 . 2 2 
9 . 6 8 
9 . 8 2 
9 . 8 5 
9 . 8 8 
9 . 6 9 
9 . 2 2 
9 . 1 2 
8 . 7 1 

" Liquids are colorless or pale yellow in color and often exhibit a purple fluorescence. Solids are colorless or off-white in color. b Solidi­
fies on standing, m.p. 81-83°. c Solidifies on standing, m.p. 62-63°. d 2-Diethylaminoethyl bromide used. ' Dihydrochloride from 2-
propanol, m.p. 168° dec. Anal. Calcd. for C n l ^ N j ^ H C l : CI, 21.53; N, 8.51. Found: Ci, 21.64; N, 8.82. f Picrate, orange crys­
tals from ethanol-petroleum ether, m.p. 155-156°. Anal. Calcd. for CnH^NaOCeHaNsOv: C, 55.08; H, 5.43; N, 13.97. Found: C, 
54.99; H, 5.34; N, 14.10. " Solidifies on standing, m.p. 71-73°. " Previously reported by E. Bergman, British Patent 547,301 (August 
21, 1942). * Previously reported by A. M. Simonov, Zh. Obshch. Khim., 16, 621 (1946); Chem. Abstr., 41, 12206 (1947). ; Solidifies on 
standing, m.p. 51-53°. 
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i .xpert-
irient 

" Kxeept 
naphthol. 
,J Extensive 

TABLE III 

N . N - I ) l M E T H Y I . - N ' - l - \ A I ' H T I I V I . - l , ^ - P R 0 1 » . \ N K l ) I A M I \ K ('('I TWO 1 Jl'< .:il KRER H K . U ' T I ' i \ 

-Reactant .~ moles , 

Sulfur reagent 

None 
SO, (0.2.)! 
S02 (0.63) 
NalIS<)3 (0.50; 
XaHS0 3 (0.90) 
\ t i H S 0 3 (l.S) 
XnHSO:! (0.30) 
NiiHSO, (0.90) 
XuHS()3 (0.90; 
Na.SjO, (0.00) 
N'ii.S,()4 (0.00) 
Na,.S2()4 (0.00; 
N'a.S/), (0.00) 
Xa,.S2(.)4 (0.00; + N'aOH (0.03! 
N;i:S.()4 (0.60) ~r SO, (1.3; 

when indicated in footnotes, reactions were run in an aqueous mixture in a bomb 
c No attempt made to recover 1-naphthol. '' Solvent, benzene. c Bomb not used 
decomposition occurred and no product could be isolated. 

1-Xtiplitn.il 

0 1)0 
10 

.20 
• > - , 

.00 

.00 

.20 

.00 

.00 

.01) 
00 
0(1 
0(1 

.00 

X 
1,0-1 

u 
X-Dimethyl 
ropanediami 

0 . 0 0 
.2.") 
.20 
..")() 
00 

.00 

to 
1 .2 
0 0 1 

.04 
04 
lil 

, i ( i ) 

04 
.04 

' ondiTi.. 
temp. ':( 

rime 'J. 

2 0 0 / 1 0 
1 0 0 / i s 
1.">()/> 
Reflux 
150 s 
I5().'.s 
1.10 s 
150,s ' ' 
200 s 

150,'s 
150/12 
200, s 
150 \ 
150/.S 
150 s 

1!.' 

i 

'21 

Yield" 
purified, 

'/' 
s 

32 
0 
11 

44 
17 
OS 
2 s 

01 
03 

11 
10 

• ' 

). '' Yield no t a d j u s t e d for 
1. ' 'So ven t . 50 r'c m e t h a n o 

Recovered 
1-naphthoi 

C 

ro 
10 
50 
53 

10 

20 
20 

10 

recovered 1 
- 5 0 % wiitei 

niercially or were prepared by known methods.'-""-5 

()-(2-Diethylaminoethoxy)-l-naphthylamine was ob­
tained by alkylation of the sodium salt of X-((5-hydroxy-
l-naphthyl)acetamide with 2-ehlorotriothylamine fol­
lowed by acid hydrolysis of the intermediate X-[6-(2-
diethylaminoethoxy)-l-naphthyl]acetamido. 

A third scheme used for the preparation of the naph-
thylalkylenediamines involved the Bucherer reaction 
with 1-naphthol and aliphatic diamines. Once again, 
the ready availability of a variety of starting materials 
made this synthetic route particularly attractive. The 
reaction between 1-naphthol and X,X-dimethyl-l />-
propanodiamine was selected as a prototype for deter­
mining opt imum experimental conditions (Table I I I ) . 
Unexpectedly, some of the desired X,X-dimethyI-X'- l -
naphthyl-l ,3-propanodiamine was isolated ( 8 r

f ) when 
oquimolar quantities of 1-naphthol and the amine in 
benzene were heated in a bomb for 1(3 hr. at 200° in the 
absence of any sulfur reagent. When 1-naphthol. 
excess amine, and aqueous sulfur dioxide-" were heated 
in a bomb at 100° for 18 hr., the yield was increased to 
o 2 ' t (method VI). With sodium bisulfite (method 
V), opt imum yields (68%) were obtained when 1-naph­
thol was allowed to react for 8 hr. with excess diamine 
ami bisulfite in water at 150° in a sealed vessel. Sur­
prisingly, it. was found that sodium hydrosulfite (X;r.-
S...O,) (method IV) could be substituted effectively for 
sodium bisulfite in the Bucherer reaction. The former 
reagent was particularly advantageous because the use 
of excess diamine could be avoided. 

The Bucherer reaction with 1-naphthol and alkylene-
diamines proved to be a versatile method and was used 
successfully for the preparation of a variety of naphthyl-
alkylonodiaminos (Tables I and II ) . In general, the 

(•JO. II. K. F i o r / - D a \ i . i I., i '.langey, nn.l W. vein Kraimiclifel . l t , Hit-, 
'•him. Aria. 30, 831 (1947'). 

.21) A. Bi i tenandt a n d (1. S c h r a m m , Bir.. 68, 2087 (1935). 
22) C. V. Steele a n d R. Adams , J. Am. Chem. Sot--., 52, 4528 (1930). 
23) 11. 10. Arms t rong and W. P. W y n n e , / ' ' o r . CIII-M. S i r , 5, 71 (1889). 

(24) W. V. Beech a n d X. U-xn. J- Chem. So,-.. 1889 (1949). 
(25) 2 - E t h o x y - l - n a p h t h y l a m i n e was ob ta ined t h r o u g h the cour tesy of 

D r . \Y. A. Fisher, Na t iona l Aniline Division, Allied Chemica l Corp , . Buffalo, 
X". Y. 

.2ii ' 10. R. H a r t s h o r n and S, L. Baird , Jr . . ,/. Am. Ch,m. Sac, 68, 1562 
'19 16 . 

yields obtained with sodium bisulfite or hydrosulfite 
under optimum conditions are comparable to yields 
obtained by other methods. In the case of X.X-di-
methyl- and X-isopropyl-X'-l-naphthy]-l ,3-propane-
amine and 2-[2-(l-naphthylamino)ethylaniino]ethanol, 
the Bucherer reaction afforded significantly higher 
yields than the alkylation procedures. Results of the 
present study, together with results of unpublished 
work with analogous systems, suggest tha t the sodium 
hydrosulfite procedure often gives higher yields than 
the sodium bisulfite procedure. In several instances, 
the structures of the products of the Bucherer reaction 
were verified by comparison with authentic samples of 
naphthylalkylenediamines synthesized by the other 
methods described herein. 

Although no a t tempt was made in the present study 
to elucidate the mechanism of the Bucherer reaction 
with 1-naphthol and sodium hydrosulfite, certain 
observations are pertinent. The key intermediate 
postulated recently for the Bucherer reaction with 1-
naphthol and sodium bisulfite is shown in formula 
IVa,-7 •-'" It is possible that IVa may also be present 

when hydrosulfite is used, since the dithionite anion 
S-()j - is known to decompose in aqueous solution to 
bisulfite (HB();,-") and thiosulfate (SoOy2). Alterna­
tively, an intermediate of structure IVb would not be 
unreasonable. Ivi a similar reaction, the product from 
sodium hydrosulfite and formaldehyde has been for­
mulated as an equimolar mixture of sodium hydroxy-
methylsulffte and sodium hydroxymethylsulfoxylate.-'1 

Results from several experiments (Table I I I ) are 
suggestive of a ketonic intermediate for the reaction of 
1-naphthol with an aliphatic diamine. In experiment 

(27) S. V. Bogdanov ami X. X. K a r a n d a s h e v a , Y.h. OI,*l,ch. Khim., 26, 
3365 (1956). 

(28) A. Rieche a n d H . Seeboth, Ann. Chun.. 638, 66 ( I960) . 
' 29 ! R. Scholder and ("!. Denk, /.. annrn. alli/<-m. Chrm.. 222, 17 .1935 . . 

1-Xtiplitn.il
Kraimiclifel.lt
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14, the yield of X,X-dimethyl-N'-l-naphthyl-l,3-
propanediamine was drastically reduced by the addition 
of 1 equivalent of sodium hydroxide to the hydrosulfite 
mixture. Such conditions would be expected to sup­
press ketone formation. In experiment 1, a low yield 
of product was obtained when equivalent amounts of 
1-naphthol and the diamine were allowed to react in 
benzene in the absence of any sulfur reagent. Since 
this may have involved a simple displacement reaction, 
the experiment was repeated with the tosylate of 1-
naphthol which would be expected to undergo a more 
facile replacement by amine. Xo reaction occurred, 
although admittedly the use of a polar solvent would 
have afforded more rigorous evidence. Further, no 
product was obtained when 1-naphthol was treated 
with equivalent amounts of X\X-diethylethylenedi-
amine and scdium carbonate under similar conditions. 

The preparative methods described afforded naph-
thylalkylenediamines of diverse structure. However, 
when variations of the terminal amine were the primary 
objective, the most convenient method involved the 
condensation of a X*-(a.'-haloalkyl)-l-naphthylamine 
with an amine. The reactions of X"-(2-bromoethyl)-
1-naphthylamine with amines were studied most 
extensively. The preferred procedure involved 1 
equivalent of X"-(2-bromoethyl)-l-naphthylamine, 2 
equivalents of the amine, and a high boiling hydro­
carbon solvent such as xylene (methods VIIIA-C). 
Alkylation, using a suspension of X-(2-bromoethyl)-l-
naphthylamine hydrobromide either in dimethyl-
formamide or xylene with potassium carbonate (method 
VII), or in xylene in the presence of excess amine, was 
less satisfactory. As anticipated, primary aliphatic 
amines and secondary saturated heterocyclic amines 
lacking bulky substituents adjacent to the amine 
function afforded optimum yields. Yields were poor 
with amines such as X",XT-dicyclopentylamine, 2,6-di-
methylpiperidine, 2,4,6-trimethylpiperidine, and 2-(2-di-
methylaminoethyl)piperidine, where molecular models 
clearly reveal the existence of a bulk factor which 
might inhibit formation of the Sx2 transition state. 
Respective yields of 5% and 71% with 2,4,6-trimethyl­
piperidine and 4-pipecoline, though extreme, are il­
lustrative. In other cases, poor yields undoubtedly 
resulted from isolation inefficiencies. The reaction 
was also extended to the preparation of X-(3-piperi-
dinopropyl)-l-naphthylamine from X"-(3-bromopropyl)-
1-naphthylamine and piperidine. The yield was com­
parable to that obtained by alkylation of 1-naphthyl-
amine with l-(3-chloropropyl)piperidine. 

N-(2-Bromoethyl)- and X'-(3-bromopropyi)-l-naph-
thylamine were obtained by the action of hydrobromic 
acid on 2-(X"-l-naphthylamino)ethanol30 and 3-(X-l-
naphthylamino)-l-propanol,31 respectively. The ali­
phatic amines are commercially available32 or were 
prepared by methods described previously.33'34 

(30) Yu. K. Yurev, K. Yu. Novitskii. and L. G. Liberov, Izv. Akad. Xauk 
SSSR Otd. Khim. .Xauk, 317 (1951); Chem. Abstr., 46, 932c (1952). 

(31) Purchased from Kaplop Laboratories, Detroit, Michigan. 
(32) N-Ethylethylenediamine, N-ethylallylamine, N,N-diethylethylene-

diamine, 2- (2-dimethylaminoethyl) piperidine, 4- (2-dimethylaminoethyl) -
piperidine, 4-[2-(l-pyrrolidinyl)ethyl]piperidine, 4-[2-(4-piperidyl)ethyl]-
morpholine, 4-(2-piperidinoetliyl)piperidine, 2-(2-piperidinoethyl)piperidine, 
and N-isopropyl-l,3-propanediamine were purchased from the Sapon Labora­
tories, Valley Stream, N. Y.; 2-[(2-aminoethyl)amino]ethanol, 2-methyl-
aminoethanol, l-(2-aminoethyl)piperazine, 2-ethylaminoethanol, 1-methyl-
piperazine, 3,5-dimethylmorpholine, 1-piperazinoethanol, 5-ethyl-2-pipeco-
line, N,N-dimethyl-l,3-propanediamine, 4-(3-aminopropyl)morpholine, and 

X"- [2- (2-Diethylaminoethylthio)ethyl] - 1-naphthyl-
amine was prepared by the condensation of X"-(2-bro-
moethyl)-l-naphthylamine with the sodium salt of 2-

diethylaminoethanethiol. However, attempts to pre­
pare the corresponding oxygen analog utilizing the 
sodium salt of X,X"-diethylaminoethanol (sodium 
hydride in toluene) resulted in the isolation of a low 
boiling liquid which on the basis of microanalyses and 
the lack of absorption in the X"H region of its infrared 
spectrum was presumed to be l-(l-naphthyl)aziridine 
(V). The formation of the aziridine may be explained 
by the greater base strength of alkoxide vs. thiolate 
anion, which facilitates removal of the proton on the 
aromatic amine, followed immediately by displacement 
of bromide. Subsequent work demonstrated that the 
amino alcohol did not represent a special case. Indeed, 
as might be expected from a consideration of the relative 
ionic base strengths, R2X

T~ > RO~ > RS~, the aziridine 
was formed readily by the action of sodium methoxide, 
sodium hydroxide, sodium hydride, or the scdium salt 
of XT-ethylacetamide on N"-(2-bromoethyl)-l-naphthyl-
amine. 

When equimolar quantities of X-1-naphthylethylene-
diamine and ethylene oxide were allowed to react, a 
mixture of mono- and bis-(hydroxyethyl) derivatives 
was obtained. The mixture was easily separable by 
vacuum distillation. A comparison of the picrate salts of 
the mono-(hydroxyethyl) derivative and a sample 
of 2-[(l-naphthylamino)ethylamino]ethanol prepared 
from 1-naphthol and XT-2-aminoethylaminoethanol 
via the Bucherer reaction showed them to be identical. 
Although the structure of the bis-(hydroxyethyl) 
derivative was not confirmed by synthesis, a compari­
son of the ultraviolet spectrum of this material35 (X 

330, e 6900; X 247, e 17,300) with those of X,N-diethyl-
X'-l-naphthylethylenediamine (X 330, e 7100; X 247, 

2-(3-aminopropoxy)ethanol from Union Carbide Chemical Co., South 
Charleston 3, W. Va.; 2-methylallylamine and 4-pipecoline from Chemical 
Research and Intermediates Corp., Cuyahoga Falls, Ohio; 2-ethoxyethyl-
amine from Wyandotte Chemicals Corp., Wyandotte, Mich.; 3-pipecoline 
from K and K Laboratories, Jamaica, N. Y.; 2,6-dimethylpiperidine from 
Reilly Tar and Chemical Corp., Indianapolis, Ind.; N-methylcyclohexyl-
arnine from E. I. du Pont de Nemours and Co., Wilmington, Del.; 2,2'-
dimethyldiallylamine from Shell Chemical Corp., Emeryville, Calif.; N,N,-
N'-triethylethylenediamine from Ames Laboratories, So. Norwalk, Conn., 
N1,N l,N3,N3-tetramethyl-l,2,3-propanetriamine from Commercial Solvents 
Corp., New York, N. Y.; 3-pipendinol, 4-piperidinol, cyclopentylamine, 
cyclooctylamine, 2,4,6-trimethylpiperidine, decahydroquinoline, N-allyl-
cyclohexylamine, dicyclopentylamine, and N, N-diethyl-1,3-diamino-2 -pro-
panol from Aldrich Chemical Co., Milwaukee, Wis. 

(33) E. F. Elslager, J. F. Cavalla, W. D. Closson, and D. F. Worth, J . 
Org. Chem., 2%, 2837 (1961). 

(34) E. F. Elslager and F. H. Tendick, J. Med. Pharm. Chem., 5, 646 
(1962). 

(35) Spectra were taken with a Cary Model 11 spectrophotometer. Bases 
were run in methanol; hydrochlorides were run in methanolic sodium 
hydroxide. 
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t 17,900), X,N-diethy]- \ ' -mothyl-X'- l -napl i thylot l iyJ-
onediamine (X .'502. t 4800; X 238, e 11,600), and 1-[:')-
!mothyl-l-naphthylaniino)propy]]piperidino (X .'5().t, t 
t.")0();'x 2157, e 10.800) clearly indicated that structure 
VI was correct, 'rhe higher wave length absorption 
and higher t values of the secondary aromatic amines 
were consistent within the entire series examined 
and provided a useful tool for the structure elucidation 
of several of the compounds. The ultraviolet spectra 
also revealed a striking difference in basicity between 
ihe secondary and tertiary aromatic amines. In 
0.1 A' hydrochloric acid the secondary amines exhibited 
a band at about 320 mjj, while the tertiary amines ab­
sorbed at 280 m/i. The use of stronger acid shifted 
the peak of the secondary amine to 280 m/j.. indicating 
1 hat 1 he aromatic nitrogen was now piutenateu. 

\ - B c n z y l - X - m e t h y l - . \ ' - l - naphthylethylencdiamine 
was prepared by reductive inethylation of X-
benzyl-X'-l-naphthylethylenediamino with formalin 
in the presence of plat inum oxide. The assignment, of 
structure was based on the ultraviolet spec t rum" 
iX :;:)2. 6 6000: X 248, e 17,.,00) which indicated the 
presence of a secondary naphthylamine. Similarly, 
alkylalion of X-benzyl-X'-]-naphthylethylcnediamine 
with d-bromophenetole gave X-benxyl-X-(2-phenoxy-
ethyll-X'-l-naplithylethyieiiediamine : \ :VA0. t l>900: 
X 248, t 17,1)00). 

Although the X-mono- and X.X-dialkyl-X'-l-na>m-
thylalkylenediamines ('11) were synthesized primarily 
tor use as intermediates, many of them wen1 tested 
against a variety of parasites, bacteria., and fungi. 
Compounds !l. 18, 40, 44. 4">, .">0. o l , and ."C were aniebi-
cidal in rilro when incubated for -18 hr. with the 1"C 
<!]• 200 1' strain, of Entamoeba histoh/Hra at drug con­
cent rat ions ranging from 40 to 80 ,ug. inl.3,;:i7 By 
comparison, paromomycin is active in the range of 2 
in 10 /jg. ml/"1 Against Trichomona* raginali* in 
rilro™ compounds o. 21, 28. 20. 30. 32, 37. 40, 43. and 
")."i killed more than 90', ' of the parasites at drug con­
centrations of (i.2." 2." ,ug. nil.37 Kleven compounds 
mil. 17, 23, 24. 28, 29, 11, 43. 11, 4.1, o l . and 82) were 
lethal to M ijcobaclcriu.m labcrcidonin (H37.Rv) in. rilro 
at concentrations of 0.31 to 20 ,ug. ml..:i~ while five (no. 
3S, .54, ")(). 00, and 84) exhibited activity against. Candida 
albicans. Cri/plococcu* ncoforman-s, IIisUrplaama ca-]>-
•adaln-m. Xocardio anli-roidcs. Trichophyton- inUrdigi-
lah-, and lito-slom-ijccx dcrmalilidis in rilro at concentra­
tions varying from 6.2") to 200 ,ug. ml.'!:l Xone of the 
compounds exhibited promising activity in experi­
mental animals. 

Experimental4" 

Preparation of N - M o n o - and I ^ N - D i a l k y l - N M - n a p h t h y l a l k y l -
e n e d i a m i n e s (II) (Tables I and II) . M e t h o d I .—A suspens ion of 
Hffig. fl.O mole) of l - ( '3-c l ) loropropyl)piper idine hydroch lo r ide , 1 1 

1 y.i g. (1.0 mole) of 1 -naph thy lamine , a n d 276 g. (2.0 mole ) of 

Mil.' For a descr ipt ion uf test me thods , see P . E . T h o m p s o n , A. Ba3 tes , S. 
F. I terbs t , P.. Olszewski, and J. F., Meisenhelder , Avtibiot. Chemotherapy, 9, 
(US (1959). 

o7> P. E. T h o m p s o n , A. Bayles, ami P. M c C l a y , unpub l i shed r e su l t s , 
Parke , Dav i s and Co. 

:S8) M . W . Fisher and A. 1.. Fh laudson . unpub l i shed resul ts , P a r k e , D a v i s 
and Co. 

c.fo A. P . I t i l legas, unpubl i shed resul ts , Pa rke , Dav i s and C o . 
. 10) .Melting po in t s a n d boi l ing po in ts a re uncor rec ted . U. S. Bureau of 

S t a n d a r d s t h e r m o m e t e r s were used . Mel t ing po in ts were t a k e n on a T h o m a s 
] t e n t e r capi l lary mel t ing poin t a p p a r a t u s , 

a n h y d r o u s po tass ium c a m - m u t e in 1 1. of to luene was s t i r red am! 
hea ted u n d e r reflux for 17 hr. A solu t ion of 51) g. of sodium 
hydrox ide in 1 1. of w a t e r was a d d e d to tiie cooled mix I lire. After 
s t i r r ing for 2 lir.. i iie to luene layer was s e p a r a t e d and washed wit ii 
wa te r . T h e solid which formed was colleeled, dissolved in chloro­
form, and the chloroform solut ion dried over a n h y d r o u s sodium 
sulfate . T h e '-liloroform was removed /// rnain and ihe residue 
distilled th rough a 25-oni. Vigreux co lumn. After recovery of 
25 g. of l -napl i thyla in i t ie b .p . 105 IDs.3 :().-l m m . ' ! , Kit g. of 
l-p-i-i 1-napht hy lamino . p ropyhp ipe r id ino was ob ta ined , b .p 
105 c .(1.2 nun . T h e yield was 7 5 ' , based on recovered I-
naplit hy lamine . 

In most oases no solid formed and ihe to luene layer was sep­
a ra t ed , dr ied, and disti l led to give (he p roduc t . 

Method II. T o a suspension of ii(i g. of 50 ' , sodium h y d r i d e 
dispersion in oil (0.75 mole ; 1 1 in 200 ml. of xylene was added a 
solut ion of 72 g. (0.50 mole.1 of ! - n a p h t h y l a n i i n e in oOO ml. of 
xylene ami ihe mix tu re was hea t ed u n d e r reflux for 1.5 hr. Stir­
ring became dilliculf at th i s po in t because of the sopa ta l ion of I h,-
sodium sail as a thick green muss. o-( 'hloro-X".X.2-l rimci hyl 
p r o p y l a m i n e hydrochloride"' ; 100 g.. 0.5.S mole) was su spended in 
200 mi. o! concen t r a t ed a m m o n i u m hydrox ide . T h e resul tant 
oil was e.\tra"ti.(! wilii three 100-ml. por t ions of \ \ lene and the 
combined extra-- ' - vo-tv dri. d over a n h y d r o u s sodium s u l f a e . 
T h e xylene solution was then a d d " d d m p w i s e to the sodium .-all 
of 1-na.phthylainin.- and the mix tu re was heated u ic l " - rcilux 
lor 20 hr. IV ihe cooled reac t ion mix tu re was .added d r o p u i - o 
200 ml. ot waO-r. T h e organ;'- layer was s e p a r a t e d , washed with 
two 200-ml. j iort ions of water , ami dried over a n h y d r o u s pouas-
sium c a r b o n a t e \ f l e r r emova l of ihe solvent , (he residue \ \ : i -
bist i i led th rough a 25-cm. \"igreux column to give I 12 g. b o ' , 
of X.X.2-1 fin let hyl - . \ ' - l - t iapht hyl-1 V-propa median i hie. in p. I 17 
M e ,o. | . - , mm. . 

Method HI . A solut ion of 1 To g. ,1 ,0 mole o! i -uaph thy l -
amine , 140 g. 1 .OS molest of 3 -d in i e thy l amino -2 ,2 -d ime thy lp ro -
piot ia ldehyde," ' and 1 g. of / j- tohienesulfonic acid i n 5 0 0 ml. benzene 
was hea ted unde r reflux for I hr. while t h e theore t ica l amoun t of 
w a t e r was collected in a t fa].>. T h e benzene was removed In i nam 
and t h e residue was t aken up in 300 ml. of me thano l and hydro -
gonaiod over 5 g, of 20 ' , I'd v' u n d e r an inil ial hydrogen pressure 
oi 3.7s kg, e.p. ' Afp.r the theore t ica l i | i ianti1y of hydrogen 
had been absorbed , the mix tu re was filtered and the so lvent re­
moved in •nam. T h e residue was t r e a t e d wit It 250 ml. of 1 0 ' , 
sodium hydroxide and the mix tu re was e x t r a c t e d wil h e ther . 
T h e e the r ext facts ivi-tr dried over a n h y d r o u s po ta s s ium carbon­
a t e : 1 he e t h e r was removed and I he res idue disti l led th rough a 20-
em. Vigroiix column So give l s 5 g. (,72',( i of \ . \ . 2 . 2 - t e i , r a m e l hvl-
X ' - l -naphl hyl • I .',> p r o p a n e d i a m i n e , b .p . hi J I d T ' i 0.75 mm. •. 

In several ins tances the product , solidified and was isolated 
di rect ly from the reaction mix tu re . T h u s with o . o -d ime thv l -
p iper idmopropioiKi idohydc a solid p r ec ip i t a t ed in the hydrogena-
lion b o t t l e . The mass was dissolved in 'JO ml. of c o n c e n t r a t e d 
hydrochlor ic acid and Altered to r emove the ca ta lys t . T h e sol­
vent was removed //; mi'ai and t h e residue cooled and m a d e basic 
with aqueous sodium hydrox ide . T h e resul tant oil solidified 
on short, s t and ing and was crysta l l ized from aqueous e thano l to 
give l- '2.2-dimethyl-o~i I -naphi hy l amino tp ropy l lp ipe r id ine . imp. 
71-70 ', in S.V7 yield. 

Method IV. A mix tu re of SO g. (0.00 mole of 1-nuphiliol, or, 
g. i 0.0-1 m o l e , of X ' .X-d ime thy l - l . ^ - p r o p a n e d i a m i n e y - a n d 10-1 g 
(0.00 niolei of sod ium hvdrosulf i te i 'Xa^T) . , ) in (500 nil. of w a t e r 
was hea ted in a b o m b for 12 hr. at 150°. T h e cooled m i x t u r e 
was removed from t he b o m b with chloroform ami the solvent was 
dist i l led /// main. T h e res idue was m a d e s t rongly basic with 
aqueous sodium hydroxide and e x t r a c t e d wi th e the r . T h e ex­
t r a c t s were dr ied over a n h y d r o u s sodium sul fa te and disti l led 
t h r o u g h a 25-cm. Yigrcux column to give Sti g. of X .X-dimet ,h\ 1-
X ' - l - n a p h t h y l - l ,o~propanediaminc . b .p . 140-151 ° (0.8 m m . , . 
T h e aqueous layer yielded 1 7 g. of 1-naphthol upon acidification. 
T h e yield was 70' , based on recovered 1-naphthol . 

Method V. A m ix tu re of 2S.2 g. (0.2 mole : of 1-naphthol , 40.4 
g. ( 0 4 mole , of N- i sop ropy l -1 ,3 -p ropaned iamine , 3 - and 31.2 g. 
(().:•! mole j of sod ium bisulfite in 250 nil. of wa t e r was hea t ed in a 
b o m b at 1.5()c for s hr. T h e m i x t u r e was m a d e s t rong ly basic 
with aqueous po tass ium hydroxide a n d e x t r a c t e d wi th e the r . 
T h e e t h e r solut ion was processed according t o m e t h o d I V above 
to give 'M g. (()*>',' :• of X- isopropyl -N" ' - l -naphfhyl -1 , : t -prnpano-
d iamine , b .p . 150-155° (0.25 m m . ! 

•Ml' Purchased from M e t a l Hydr ides Inc. . I ' .e.erly, M a s - . 
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Method VI.—To a solution of 16 g. (0.25 mole) of sulfur dioxide 
in 200 ml. of water was added 14.4 g. (0.10 mole) of 1-naphthol 
and 25.5 g. (0.25 mole) of N,N-dimethyl-l,3-propanediamine.32 

The mixture was heated and shaken in a bomb at 100° for 18 
hr. The contents of the bomb were made strongly basic with 
sodium hydroxide and extracted with ether. The extracts were 
dried over anhydrous sodium sulfate and distilled to give 32% 
of X,X-dimethyl-X'-l-naphthyl-l,3-propanediamine, identical 
with the material described under method IV above. 

Method VII.—A suspension of 166 g. (0.5 mole) of X-(2-bromo-
ethyl)-l-naphthylamine hydrobromide, 138 g. (0.5 mole) of 
potassium carbonate, and 232 g. (2.0 mole) of X,X-diethylethyl-
enediamine was heated under reflux for 30 hr. The cooled mixture 
was treated with 1 1. of 10% aqueous sodium hydroxide and stirred 
for 2 hr. The aqueous layer was extracted with 200 ml. of benzene 
and the extract was combined with the original organic phase, dried 
over anhydrous potassium carbonate, and concentrated in vacuo. 
Upon standing, a water-soluble solid precipitated. The entire 
residue was taken up in 500 ml. of ether, the solid was collected 
and discarded, and the filtrate was concentrated on a steam bath. 
Distillation of the residue through a 25-cm. Vigreux column 
gave 64 g. (33%) of l,l-diethyl-7-(l-naphthyl)diethylenetri-
amine, b.p. 155-156° (0.2 mm.). 

Method VIIIA.—X-(2-Bromoethyl)-l-naphthylamine hydro-
bromide (166 g., 0.5 mole) was suspended in aqueous ammonium 
hydroxide and extracted with several portions of xylene (total 
volume 1.5 1.). The xylene was dried over anhydrous magne­
sium sulfate, 127 g. (1.0 mole) of 5-ethyl-2-pipecoline was added, 
and the mixture was heated under reflux with stirring for 24 hr. 
The cooled mixture was treated with 500 ml. of 10% aqueous 
sodium hydroxide and stirred for about 1 hr. or until two clear 
layers had formed. The organic layer was separated, washed 
with two 100-ml. portions of 10% sodium hydroxide, and dried 
over anhydrous sodium sulfate. The drying agent was removed 
by filtration, the solvent removed in vacuo, and the residue dis­
tilled through a 15-cm. Vigreux column to give 104 g. (70%) of 
5-ethvl-l-[2-(l-naphthylamino)ethyl]-2-pipecoline, b.p. 158-159° 
(0.05'mm.). 

VIIIB.—Xylene solutions of 200 g. (1.1 moles) of 4-[2-(l-
pyrrolidinyl)ethyl]piperidine and X-(2-bromoethyl)-l-naphthyl-
amine, prepared from 200 g. (0.6 mole) of the hydrobromide salt 
as described above, were combined and heated under reflux for 
20 hr. The reaction mixture was cooled, 1 1. of 10% sodium hy­
droxide was added, and the mixture was stirred for 1 hr. The 
organic layer was separated, washed with aqueous sodium hy­
droxide, and dried over anhydrous sodium sulfate. Volatile 
materials were removed in vacuo on a steam bath and the residue 
was distilled. At head temperatures exceeding 90° and a pres­
sure of 0.1 mm., extensive gassing occurred and the distillation 
was discontinued. The residue was dissolved in 3 1. of boiling 
heptane and the solution was treated with decolorizing charcoal 
and filtered. Upon cooling, a small amount of solid separated 
which was collected and discarded. The heptane was removed 
in vacuo and the residue was treated with an excess of 2-propanol 
saturated with hydrogen chloride. The resulting solution was 
poured into anhydrous ether and the beige solid was collected 
and crystallized from ethanol. The l-[2-(l-naphthylamino)-
ethyl]-4-[2-(l-pyrrolidinyl)ethyl]piperidine dihydrochloride thus 
obtained weighed 22.9 g., m.p. 258-262°. 

VIIIC.—A solution of 254 g. (2.0 moles) of cyclooctylamine 
and 1.0 mole of X-(2-bromoethyl)-l-naphthylamine base in 1.5 1. 
of xylene was heated under reflux for 20 hr. The solid which 
separated upon cooling was collected and suspended in 500 ml. of 
30%, aqueous sodium hydroxide. The solid was collected, crys­
tallized from dimethylformamide, washed with acetone, and 
dried in vacuo. The X-cyclooctyl-X'-l-naphthylethylenedi-
amine hydrobromide thus obtained weighed 76.2 g., m.p. 250-
252°. 

Method IX.—N-1-Naphthylethylenediamine dihydrochloride 
(575 g., 2.22 moles) was dissolved in 1 1. of hot water. The solu­
tion was treated with decolorizing charcoal, filtered, made 
strongly alkaline with aqueous sodium hydroxide, and the oily 
base was extracted with ether. The ether extracts were dried over 
anhydrous potassium carbonate, and the ether was removed on the 
steam bath to give 378 g. (2.03 moles) of base. To a solution of 
the diamine in 250 ml. of 95% ethanol was added a cold solution 
of 90 g. (2.03 moles) of ethylene oxide in 200 ml. of 9 5 % ethanol 
at an initial temperature of 20°. The temperature was main­
tained below 50° until the reaction was no longer exothermic. 
After standing at room temperature overnight, the mixture was 

heated on the steam bath for 2.5 hr. The alcohol was removed 
and the residue distilled in vacuo through a 20-cm. Vigreux 
column. Several low-boiling fractions were obtained and dis­
carded. The fractions boiling at 193-210° (0.15 mm.) were com­
bined (151 g., 32%) and induced to solidify by trituration with 
anhydrous ether. Microanalyses and ultraviolet absorption 
data indicated that the compound was 2-[(l-naphthylamino)-
ethylamino]ethanol. I ts picrate salt was identical with the 
picrate of an authentic sample prepared from 1-naphthol and 
X-2-aminoethylaminoethanol via the Bucherer reaction. The 
distillation residue was dissolved in 500 ml. of hot ethanol. The 
solution was treated with decolorizing charcoal, filtered, and di­
luted to about 4 1. with ether. Treatment with anhydrous 
hydrogen chloride gave 143 g. of solid, m.p. = 145°. Two re-
crystallizations from 95% ethanol gave 96 g. (45%) of 2,2'-j [2-
(l-naphthylamino)ethyl]imino! diethanol monohydrochloride, 
m.p. 155-157°. 

Method X.—A suspension of 33.9 g. (0.20 mole) of 2-diethyl-
aminoethanethiol hydrochloride42 in aqueous ammonia was 
extracted with toluene. The solution of the base was dried over an­
hydrous magnesium sulfate, and to it was added a solution of 12 g. 
(0.22 mole) of sodium methoxide in 40 ml. of methanol. After 
stirring for 2 hr., a toluene solution of X-(2-bromoethyl)-l-
naphthylamine, prepared from 66.2 g. (0.20 mole) of the hydro­
bromide salt as in method V I I I , was added. The mixture was 
heated under reflux for 18 hr., cooled, and filtered. The filtrate 
was washed twice with water, dried over anhydrous sodium 
sulfate, and distilled to give 21.5 g. of X-[2-(2-diethylaminoethyl-
thio)ethyl]-l-naphthylamine, b.p. 164° (0.1 mm.). 

Method XI.—X-Benzyl-X'-l-naphthylethylenediamine hy­
drochloride (38) (11.0 g., 0.035 mole) was suspended in 150 ml. of 
water and 10 ml. of 6 A* sodium hydroxide and 200 ml. of benzene 
were added. The mixture was stirred until the solid had dis­
solved and the benzene layer was separated, washed with water, 
and dried. The solvent was removed in vacuo and the residue 
subjected to reductive methylation in 100 ml. of ethanol using 
2.9 g. of 36% formalin, 0.5 g. of platinum oxide catalyst, and an 
initial hydrogen pressure of 3.5 kg./cm.2. The product was dis­
solved in ether and the ether solution was washed successively 
with water, dilute aqueous sodium bicarbonate, and water and 
dried over anhydrous magnesium sulfate. The ether was re­
moved and the residual oil suspended in petroleum ether (b.p. 
30-60°) was treated with 25 ml. of 4 N ethanolic hydrogen chlo­
ride. The solvents were decanted from the sticky solid that 
resulted and the residue was crystallized from 200 ml. of meth­
anol. The desired X-benzyl-X-methyl-X'-l-naphthylethylene-
diamine hydrochloride weighed 2.0 g. (18%), m.p. 200-202°. 
The melting point of a mixture of the starting material and 
product was depressed to 178-186°. 

Method XII.—A mixture of 62.4 g. (0.2 mole) of X-benzyl-N'-l-
naphthylethylenediamine hydrochloride (38), 40.2 g. (0.2 mole) 
of /3-bromophenetole, and 138 g. (1.0 mole) of potassium car­
bonate in 500 ml. of benzene was heated under reflux for 48 hr. 
To the cooled mixture was added 300 ml. of water and stirring 
was continued until all the solid had dissolved. The benzene 
layer was separated, the solvent removed in vacuo, and the residue 
treated with aqueous sodium hydroxide. The oil was extracted 
with ether, dried over anhydrous magnesium sulfate, and evap­
orated to dryness to give 8 g. of N-benzyl-X-2-phenoxyethyl-X '-
1-naphthylethylenediamine, m.p. 95-97°. 

2-(l-Naphthylamino)ethanol.—A solution of 1.1 kg. (25 moles) 
of ethylene oxide in 10 1. of 9 5 % ethanol maintained at 0° was 
added in a slow stream over 3 hr. to a stirred solution of 3.25 kg. 
(22.7 moles) of 1-naphthylamine in 15 1. of 9 5 % ethanol at 40°. 
The reaction was not exothermic. After the addition was com­
plete, the reaction mixture was allowed to stand overnight at 
room temperature and was then heated under reflux for 3 hr. 
Volatile materials were removed in vacuo, and the residue was 
distilled through a 25-cm. Vigreux column to give 3.14 kg. (73%) 
of 2-(l-naphthylamino)ethanol as a colorless, sirupy liquid, b.p. 
157-161° (0.25 mm.), which solidified in the receiver. The hy­
drochloride salt, prepared by adding an excess of a 2-propanol-
hydrogen chloride mixture to a solution of the base in ether, 
melted at 192-195°. 

Anal. Calcd. for C1 2H l 3NOHCl: C, 64.42; H, 6.31; X, 
6.26. Found: C, 64.59; H, 6.49; X, 6.35. 

N-(2-Bromoethyl) -1-naphthylamine Hydrobromide.—A mix­
ture of 1 kg. (5.35 moles) of 2-(l-naphthylamino)ethanol and 9 

(42) Purchased from Evans Chemetics, Waterloo, N. Y. 
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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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Synthetic Schistosomicides. IV. o-[4-(2-Diethylamino-
ethylamino)-l-naphthylazo]uraciJ and Related 

[4-(Aminoalkylamino)-l-naphthylazo]heteroeyclic Compounds1 
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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. 


