
ring and cooling until just basiv. The solid w s  filtered and 
wished with benzene and water. 

Acknowledgment.-The authors are indebted to Mr. 
\YArren 0. Smith for assistance in the synthetic work. to 

Dr. John C. Ho1val-d for preparilig (aonlpoulid 31, to 
the Microbiology and Physical and A\iialytical sections 
for supplying the biological, aiiulytic~al. and ultraviolet 
absorption data. 

N-Mono- and N,N-Dialliyl-N'-1-naphthylalkylenediamines 

Research Laboratories, Parke, Davis and Company,  Ann .4rbor, Jlichigan 

Rtcriced March 12, 1963 

Ai series of S-mono- and S,N-di:illi~~l-S'-l-~iaphthylalk~lrnedianiirles were prepared by: ( 1  ) alk!.lation of 
1-naphthylamine lyitli an alkylaniinoalkyl halide : (2)  reducstive alkylation of 1-naphthylamine with an amino 
aldehyde or ketone; ( 4 )  reaction of 1- 
naphthol Fith an slkylenediamine: ( 5 )  tlie action of ethylene oxide, aldehydes, or alkyl halides on a X-(l- 
naphthy1)ethylenediamine. The use o f  sodium hydrosulfite in the Bucherer reartion with l-naphth,)l is descrihrd. 
1-( 1-Saphthy1)aziridine was prrparcd l)y tile action of strong base on S-(~-hromorthyl~-l-na~~hth~laniitir, 

( 3 )  treatnwnt of  a S-(o-haloaI~yl)-I-naphthylamine with an amine: 

During the course of coiitiiiuiiig effort.; ill thede 
Laboratories to develop nen- schistosoinicidal agents, it 
was discovered that various 4-(aminoalkj lainiiio)-l- 
naphthylazo heterocyclic compound5 ot <ti ucture I 
exhibit strond therapeutic activity againyt Sclzistosomn 
nlansoni infections ill experimental aiiiiiials I The 
iynthesis of niaiiy of these azo conipoiind\ reqiiired the 
p i  eparatioii of the cori-r-ponding S-moiio- aiid S ,S-d i -  

p; 

I '' N=N-Het 

I 

alkyl-3'-1-iiaphthylalkyleiiediamines (TI): where R1 
and II2 represent hydrogen, alkyl, or aralkyl groups, Y 
an alkyleiie radical, and X a hydrogen or halogen atom 
or alkoxy group. This paper describes in detail the 
methods used for the synthesis of these intermediat'es. 

Chart A outlines the major synt'hetic routes used in 
the present) ivork. The classic technique for the attach- 
nieiit8 of an alkylaminoalkyl side chain t'o an aromatic 
ainiiie involves alkylation of the amine n-ith an alkyl- 
aniinoalkyl halide in ethanol3 or in a hydrocarbon sol- 
vent in t'he presence of an acid acceptor such as potas- 
sium carbonat'e.4 Where the alkylaminoalkyl halides 
are readily available,j the latter method affords a con- 
venient route since the salts can be used directly 
(method I, Tables I and 11). When the carbonate pro- 

(1) E. F. Elslager, D. 13. Capvs. L .  31. Werbel, D. F. Wortli, J. E. Neisen- 

(2) E. F. Elslager, D. €3. Capps, D. H. Kurtz, L .  h1. Werbel, and D. F. 

(3) D. A.  Peak and  T. I .  T a t k i n s ,  J .  Chem. Soc., 445 (1950). 
Stahmann and  4 .  C. Cope, J .  Am.  Chem. Soc., 68, 2494 (1946). 

(a) The hydrochloride salts of N,N-dimethyl-2-chloroethylamine, 2- 
clilurotriethylamine, ~-(2-chloroethyl)diisopropylamine, N,N-diethyl-3- 
cliloropropylamine, N, N-diniethyl-2-chloropropylamine, and 3-chloro-N,N,2- 
tl.iiiiethylpropylamine aere  purchased from the  Michigan Chemical Co., St. 
I.ouis, Mich.; 2-bromotriethylamine hydrobromide from Columbia Organic 
('lleiiiical Co., Columbia, So. Carolina: N-2-chloroethylpyrrolidine hydro- 
<,liloride from the Alrlricii Clirinical Co., Milwaukee, T i s .  

Iielder, H. Najarian, and P. E. Thompson, J .  Meled. Chem.,  6, 217 (1963). 

Worth, ibid., 6, 646 (1963). 

NH-Y-Hal \ NH-Y--NR,R2 & H h R R  ~ 1 

X X 
I1 

H \--Y-\R R 

/ t  
TH-Y-NH2 

X 

cedure gave poor yields or where i t  \\-a3 necessary to 
prepare the intermediate amiuoalkyl halides6-'* from 
the corresponding amino alcohols, it n-as often ad- 
vantageous to pre-form the more reactive anion of the 
aromatic amine, utilizing sodium hydride (method 11, 
Tables I and 11) or sodamide. dlthough no extensive 
coniparisons of these methods n-ere niadr. the sensi- 
tivity of t'he reaction to temperature and hasp is il- 
lustrated by the condensation of l-naphthylamiiir with 

(6) FY. 13. Wright, J r . ,  H. J. Ilrtihandei, and K.  A H i i n i ~ ,  . T I . . ,  . I .  0i.y. 

(7) J. B. Wright, E. H. Lincoln, R. V. Hpinzeliii&iiii, aiirl . J .  H. Hiinter, J .  

(8) F. Blicke, U. 9. Patent 2,922,795 (1960). 
(9) R. B. Moffett and R.  D. Aspergren, J .  .4m C'! fc t r i .  Soc . .  79 ,  & > I  

(1957). 
(10). J. P. Mason and H. W. Block, ibid., 62, 1443 (lS401. 
(11) S. Gabriel and J. Colman, Ber., 39, 2879 (1906). 
(12) 0. Magidson and I. T h .  Strukor,  d r c h .  Pharm.. 271, 569 (1938). 
(13) S.-T. Lu, C.-K. Liu, C.-S. Yang, T.-H. Chu, and C.-C. Cliaiie, 

Chem. Abstr . ,  62, 12866a (19%1. 

Chem., 26, 2120 (1961). 

Am. Chem. SOC., 72, 3536 (1950). 

Hua Hsueh Hsueh Pao, 22, 589 (1956); 
Kaye, .I. dm. Chem. S o r , . .  70, 128:3 (19481. 
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Puiiti- 
cation 

nolventl 

.2 

I 
1 )  

1 )  

I.' 

CzoHzaNi 

-- C'arbun. R -- 
Calcd, 

,54.17 
78.46 
3 2 . 2 8  
78.90 
73.73 
79.95 
79.95 
s58.36 
61 34 
56.42 
75.25 
79 %!J 
79.29 
74 37 
74.36 
61.82 
80.26 
80.  26 
SO. 26 
7'5.52 
75.52 

75 80 
79.64 
74.96 
74.96 
i o  I80 
81,15  
80.55 
SO. 55 
80.55 

80.55 
76.02 
52.88 
79.95 
75.48 
71.49 
75,74 
72. 94 
so. 80 
80. 80 
73,49 
S1.58 
63.65 
i 2 , 1 5  

81.03 

SO. 48 
80.48 
72.69 
76.63 

83.40 

Found 

,54 30 
78.28 
52.38 
i 8 , 7 0  
73.23 
80.26 
i Y  j 4  
58.50 
61.64 
56.03 
I n  10 
79.20 
79 04 
74.05 
74,60 
61.69 
79.99 
50. 06 
80. 12 
75.55 
75.64 

-- 

75.88 
79.40 
74.61 
75.09 
70.47 
81.14 
so. 40 
80. 48 
80.43 

50.87 
76.07 
52,56 
79 88 
10.45 
71.54 
75.31 
73.11 
80.61 
81.11 
72.91 
81.31 
63.78 
71.54 

-- 

81.11 

80.87 
80. 07 
7 2 .  45 
76.29 

53.02 

Calcd. 

4 77 
8 .46  
4.61 
8.83 
8 .25  
8 .39  
3 .39  
6 74 
7.06 
6 .73  
3.29 
9 15 
9 .15  
8 5 g  
s 58 
7.46 
8.72 
8.72 
Y.72 
8 .20  
8.20  

5.61 
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 
9.2% 
7.09 
8.90 
7.75 
8 .78  

9.52 

10.13 
10.13 
9 .15  
9 .97  

7.33 

Found 

4 . S l  
8 . 6 4  
4 .63  
8.80  
8 .19  
8 .69  
8 . 4 1  
T O 4  
7 . 2 6  
6 74 
s , " 2  
S.88 
! I ,  44 
8 46 
8.65  
7.40 
8 .68  
8 .89  
3 .83  
8.30 
8.40 

8 .66  
9 .49  
8.89 
8 .62  
8 . 3 7  
8.29 
9.07 
9.05 
9.15 

8 .96  
8 . 5 5  
6.95  
9.93 
9.07 
5 .63  
9 .47  
6.68 
9 35 
9 53 
6 .95  
8.75 
7.91 
8 .79  

9.49 

10.16 
10.35 
9.25 
9.90 

7.48 

Calcd. 

15.80 
13.07 
1 5 . 2 5  
12 .27  
11.47 
11.66 
11.66 
8.51 
s .94 
8 . 2 3  

16.46 
11.56 
11.56 
10.85 
10.85 
9.01 

11.02 
11.02 
Il.02 
10.36 
10.36 

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 . 2 7  

14 72 
8 .96  
9.92 
9 ,92  
8.57 
9.52 
7 .43  
8 .42  

9 . 4 5  

9.39 
9.39 
8 .48  

13.40 

9.27 

Found 

15.98 
13.16 
14.97 
12.36 
11.56 
11 76 
11.75 

Y . 5 0  
8 . 8 4  
S.21 

16.52 
10. 80 
11,49 
11 07 
11 .05 
9 1x 

11.25 
10.YS 
1 1 . 2 7  
10. !52 
10 3ti 

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. so 
8.94 

10.13 
10.10 
8 .68  
9 .71  
7 . 8 2  
s 45 

9.50 

9 .30  
9 .44  
8.70 
13.53 

9.28 
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November, 1963 

Purifi- 
cation 

Bolventb 

H 

F 

F 
A 
A 

F 

Formula 

S - J I O N O -  AXD SJ~-DIALKYL-N'-1-iYiAPHTHPLALKYLENEDI.4MIKES 64 I 

--Carbon, %--- ,-Hydrogen, %-- -Nitrogen, "o-- 
Calcd. 

73.12 

81.77 

77.49 

62.37 
77.01 
73.61 
73.90 
65.08 
62.08 
65.74 

65.74 

74.95 
75.67 
81,78 

Found Calcd: 

73.20 8.47 

82.07 9.15 

77.57 9.60 

62.14 8.39 
76,74 10.16 
73.65 8.71 
73.52 9.87 
64.87 8 .31  
62.26 8.04 
65.96 8 .51  

65.43 8 . 5 1  

75.18 10,48 
75.37 10.75 
81.56 7.12 

Found 

8 .51  

9.22 

9.80 

8.24 
10.06 
8.42 
9.72 
8.27 
7.94 
8.34 

8.64 

10.28 
10,52 

7.05 

Calcd. 

8 12 

9 08 

12.91 

10 39 
12 83 
7.81 

11.75 
9 90 
9.44 
9.5s 

'3 58 

14 57 
13 53 
T 07 

Found 

8.22 

9.17 

13 12 

10.29 
12 92 
7.59 

11.52 
9.74 
9.09 
9 70 

9 50 

14.66 
13.75 

7 19 
mm.). ' Yield expressed as base, b.p. 174-6" (0.3 mm.). From K-1-naphthylethylenediamine. C1, Calcd.: 10.85. Found: 10.77. 

Br, Calcd.: 21.18. Found: 21.21. P C1, Calcd.: 10.65. Found: 10.77, from the base, b.p. 187-191" (0.5 nim.). a C1, Calcd.: 10.28. 
Found: 10.49. ' Yield expressed as base, analyzed as the hydrochloride; C1, Calcd.: 17.53. \\'ater (Karl Fischer), 
Calcd.: 1.49. Found: 1.51. ' C1, Calcd.: 9.88. Found: 9.53. C1, Calcd.: 16.71. Found: 16.20. CI, Calcd.: 15.94. Found: 
15.87. zD Water (Karl Fischer), Calcd.: 1.01. Found: 0.97. C1, Calcd.: 16.17. Found: 16.02. li C1, Calcd.: 16.17. Found: 
15.99. Reported previously by RI. Yokoyama, K. Iwata, and 6. Toyoshima, I 'akugaki t  Zasshi, 78, 428 (1958); Chena. dbstr . .  5 2 ,  
14573d (1958). 

Found: 17.78. 

TABLE I1 

OTHER N-Moso- ASD N,N-DIALKYL-N'-~-NAPHTHYLALKYLENEDIAMINES~ 

Compd. 
no. R 

65 H 
66 H 
67 H 
68 H 
69 H 
70 H 
71 H 
7 2  CHa 
7 3  H 
74 H 
7 5  H 
76 H 
77 H 
78 H 
79 C H I  
80 H 
81 H 
82 H 
83 H 
84 H 
85  H 
86 H 

B.p., OC.(mm.) 
or ( n u . ,  'C.) 

120(0.2) 
146-151 (0.8) 
144-145 (0.2)* 
117-118 (0 .15) i  
150-155 (0 25) 
153-155 (0.1)' 
(82-84) 
129-132 ( 0 , s )  
141-143 (0.75) 
150-154 (0.12) 
176 ( 0 . 5 )  
136 (0 .3)  
165 (0.218 
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 5886 

1.5836 

1 .  6015 
1.5725 

1.5803 
1 .5730 
1,5740 

1 ,5630 

Yield 
puri- 
fied, 

% Method 

32 I 
79 I V  
66 I11 
93 I1 
65 V 
71 I 
72 V 
43 I d  
72 111 
71 I 
31 V 
11 IV 
75 I 
36 X 
42 I1  
55 I11 
47 I11 
73 I11 
47 I 
85 I11 
27 I V  
26 I11 

Carbon, % 
Calcd. Found 

78 .90  79 2 3  
78.90 78.79 
79 .95  79 .70  
79.29 79 .20  
79 .29  79.27 
80.26 80 .32  
75.52 75 .45  
79.63 79.69 
79 .63  79 .80  
79 .63  79 .24  
74 .96  74.40 
75 .23  75 02 
80.55 80.47 
71 .47  71.02 
80.80 81.30 
80.80 80.93 
8 0 . 2 3  80 .55  
80.23 80 .20  
8 0 . 2 3  80 .38  
81.03 80 .90  
80 .71  80.41 
81.43 81 .46  

Hydrogen, 70 Sitrogen. '% 
Calcd. Found Calcd. Founil 

8 . 8 3  8 . 8 7  12 .27  12 .40  
8 83 !).09 12.27 11 .93  
8 39 8 59 11 .66  11 72 
9.1.; 8 . 9 8  11.56 11.55 
9 . 1 3  8.99 11 .56  1 1 . 0 0  
8 72 8 .69  11.02 11.:12 
8 . 2 0  8 . 2 9  10.36 10 4 3  
9 . 4 4  9 .82  10 .93  10 8D 
9 . 4 4  9 . 4 1  10 .93  11 0 8  
9 44 9 . 4 8  10 .93  11.1.; 
8 .88 8 . 4 7  10.29 1 0 . 4 8  
9 29 9 . 0 4  15 .48  15 67 
9.01 9 . 1 1  10 .44  10.JG 
8 67 8.65 9 . 2 6  9 . 2 2  
9 . 2 8  9 . 5 7  9 . 9 2  9 . 6 8  
9 . 2 8  9 .14  9.92 9 . 8 2  
9 92 9 . 9 2  9.85 9 . 8 3  
9 .92  9 .93  9 . 8 5  9 . 8 8  
9 . 9 2  9 . 9 0  9.85 9 , ( i 9  
9 . 3 2  9 .35  9 . 4 5  9 .22  

10 .32  9 .91  8.97 9 .19  
9.9-1 9 . 4 8  8.63 8 71 

a Liquids are colorless or pale yellow in color and often exhibit a purple fluorescence. Solids are colorless or off-white in color. Solidi- 
fies on standing, m.p. 81-83'. ' Solidifies on standing, m.p. 62-63', 2-Diethylaminoethyl bromide used. ' Dihydrochloride from 2- 
propanol, m.p. 168" dec. Anal. Calcd. for C I ; H ~ J J Z . ~ H C ~ :  C1, 21.53; N, 8.51. Found: Ci, 21.64; Y, 8.82. Picrate, orange crys- 
tals from ethanol-petroleum ether, m.p. 155-156'. Anal. Calcd. for C I ~ H Z J V ~ O C ~ H ~ S ~ O ~ :  C, 55.08; H, 5.43; X, 13.97. Found: C, 
54.99; H, 5.34; N, 14.10. Previously reported bj- E. Bergman, British Patent 547,301 (August 
21, 1942). Previously reported by A. RI. Simonov, Zh. Obshch. Khim., 16, 621 (1946); C'hem. Abstr., 41, l220b (1947). 3 Solidifies on 
standing, m.p. 51-53', 

Solidifies on standing, m.p. 71-73", 
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Xovember, 196.3 S- l loso-  AND S,S-DIALKYL-S'-~-SAPHTHYL ~LKYLEKEDI.UIIS& 643 

14, the yield of S ,S-dimet hyl-?; '-1-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 nhich tvould be expected to undergo a more 
facile ieplacement by amine. S o  reaction occurred, 
although admittedly the use of a polar solvent would 
have afforded more rigorous evidence Further, no 
product was obtaiiied IT hen 1-naphthol was treated 
with ecjuivaleiit amounts of S,S-diethylethylenedi- 
amine and scdium carbonate uiider similar conditions. 

The preparative methods described afforded naph- 
thylalkylenediamiiies of diverse structure. However, 
n hen variations of the terminal amine were the primary 
objective, the mod convenient method involved the 
condelication of a S-(a-haloalky1)-1-naphthylamine 
with an amine. The reactions of S-(2-bronioethyl)- 
1-iiaphthylaniine with aiiiines were studied most 
exteiiiively The preferred procedure involved 1 
equivalent of S-(2-bromoethyl)-l-iiaphthylamine, 2 
equivalents of the amine, and a high boiling hydro- 
carbon solvent such as xylene (methods T'IIIA-C). 
Alkylation, using a wspensioii of K-(2-hromoethyl)-l- 
naphthylamine hydrobromide either in dimethyl- 
forniamide 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 
n ith amines such as S,S-dicyclopentylamiiie, 2,6-di- 
met h ylpiperidine, 2,4, 6-trimet hylpiperidine, and 2- (2-di- 
inethylaniiiioethyl)piperidine, where molecular models 
clearly reveal the existence of a bulk factor which 
might inhibit formation of the S\2 transition state. 
Respective yields of 5% and 717, 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 S-(S-piperi- 
dinopropy1)-1-naphthylamine from S- (3-bromopropyl)- 
1-iiaphthylaiiiine and piperidine. The yield was com- 
parable to that obtained by alkylation of l-naphthyl- 
amine with 1- (3-chloropropyl) piperidine. 

K- (2-Bromoethyl) - and S- (3-bromopropyl) - l-naph- 
thylamine were obtained by the action of hydrobromic 
acid on 2-(S-l-naphthylamino)ethan01~~ and 3-(N-l- 
naphtliylamino) - 1-propanol, 31 respectively . The ali- 
phatic amines are commercially available32 or were 
prepared by methods described previo i~s ly .~~ 3 4  

(30) Yu IC Turev, E; T u  Noiitskii, and L G Llberov, Izi Akad S a u k  

(31) Purchased from Kaplop Laboratories, Detroit, Michigan 
(32) N-Ethyletli>lenediamine, N-ethglallylamme. N,N-diethyleth3lene- 

diamine, 2-(2-dlmethylaiiiinoethgl)piperidine, 4-(2-dimethylaminoethyl)- 
piperidine, 4- [2-(1-p3 rrolidinyl)etliyl]piperidine, 4- [2-(4-piperidyl)ethyl]- 
rnorpholine, 4-(2-piperidinoethj I)piperidine, 2-(2-piperidinoethyl)pipendine, 
and N-isoprop~1-1,3-propanediam~ne uere purchased from the Sapon Labora- 
tories, Valles Stream, N T , 2 [(2-aminoethyl)amino]ethanol, %methyl- 
aminoethanol, l-(Z-aminoethi l)piperazine, 2-ethylaminoethanol, l-methyl- 
piperazine, 3,5-dimethylmorpholine, 1-piperazinoethanol, 5-ethyl-2-pipeco- 
line, N N-dimeth~I-l,3-propanediamine ~-(3-aminopropyl)morplioline, and  

SSSR Otd Khzm \auk ,  317 (1931) Chem d b s t r  , 46, 932c (1962). 

K -  [a- (2-Djethylaminoethylthio)ethyl] - 1 -naphthyl- 
amine was prepared by the condensation of S-(2-bro- 
moethy1)-1-naphthylamine with the sodium salt of 2- 

V 

diethylamiiioethanethiol. However, attempt's t o  pre- 
pare the corresponding oxygen analog utilizing the 
sodium salt of N,S-diethylaminoethanol (sodium 
hydride in toluene) resulted in the isolation 2f a  lo^ 
boiling liquid which on the basis of microanalyses and 
the lack of absorpt'ion in the S H  region of it's infrared 
spectrum n-as presumed to  be 1-( 1-naphthy1)aziridiiie 
(V). The formation of the aziridiiie may be explaiiied 
by t'he greater base strength of alkoxide z's. thiolate 
anion, n-hich facilitates removal of the proton on the 
aromatic amine, followed immediately by displacementm 
of bromide. Subsequent work demonstrated t'hat the 
amino alcohol did not represent a special case. Indeed, 
as might' be expected from a coiisideratioii of the relative 
ionic base strengths, R2S-  > RO- > RS-, the aziridiiie 
was formed readily by the action of sodium methoside, 
sodium hydroxide, sodium hydride, or the scdium salt 
of S-ethylacet,amide o n  S-(2-bromoethyl)-l-naphth\-l- 
amine. 

When equimolar quantities of S-l-naphthgletmhyleiie- 
diamine and ethylene oxide were allowed t'o react, a 
mixture of mono- and bis-(hydroxyetliyl) derivatives 
was obtained. The mixture was easily separable by 
vacuum dist'illation. A comparison of the picrate salts of  
the mono-(hydroxyet'hyl) derivative and a sample 
of 2- [ (1-naphthylamino)ethylamino ]ethanol prepared 
from 1-naphthol and N-2-aminoethylaminoetha1~01 
via tmhe Bucherer reaction showed t,heni tmo be identical. 
dlt hough the st8ruc ture of the bis- (hydroxye t hyl) 
derivative was not confirmed by synthesis, a compari- 
son of t'he ultrai.iolet spectrum of this material36 (A 

hN(CHzCHflHh 

VI 

330, E 6900; X 247, E 17,300) with those of S,K-diethyl- 
K'-1-naphthylethylenediamiiie (X 330, e 7100; A 247, 

2-(3-aminopropox~-)etlianol from Union Carbide Chemical Co., Soutli 
Charleston 3, W. Va.; 2-inethylallylamine and 4-gipecoline from Chemical 
Research and  Intermediates Corp., Cuyahoga Falls, Ohio; Z-ethoxyetliyl- 
amine from Wyandotte Chemicals Corp., Wyandotte, Mich.; 3-pipecoline 
from K and I< Laboratories, Jamaica, N. Y.:  2,6-dimethylpiperidine from 
Reilly T a r  and Chemical Corp., Indianapolis, Ind . ;  N-methylcyclohexyl- 
amine from E. I. du Pont de Piemours and Co., Kilmington, Del.; 2,2'- 
dimethyldiallylamine from Shell Chemical Corli., Emeryville, Calif.; N,N,- 
N'-triethylethylenedianiine from Ames Laboratories, So. Norwalk, Conn.,  
N',N',N3,N3-tetrametli~,l-1,2,3-propanetriamine from Commercial Solvents 
Corp., New P o r k ,  N. Y . ;  3-piperidinol, 4-piperidinol, cyclopentylamine , 
cyclooctylamine, 2,4,6-trimethylpiperidine, decahydroquinoline, N-allyl- 
cyclohexylamine, dicyclopentylamine, and N,N-diethyl-l,3-diamino-2.pro- 
panol from Aldrich Chemical Go., Xilwaukee, \Tis. 

(33) E. F. Elslager, J. F. Cavalla, W. D. Closson, and D. F. Worth, J. 
Ory. Chem., 26, 2837 (1961). 

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

(35) Spectra were taken with a Cary hlodel 11 spectrophotometer. Bases 
were run in methanol; hydrochlorides were run in methanolic sodium 
hydroxide. 
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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-1,3-pr0panediarnine.~~ 
The mixture was heated and shaken in a bomb a t  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 S,S-diniethyl-N'-l-naphthyl-1,3-propanediamine, identical 
with the material described under method IV above. 

Method VI1.-A suepension of 166 g. (0.5 mole) of S-(a-bromo- 
ethyl)-1-naphthylamine hydrobromide, 138 g. (0.5 mole) of 
potassium carbonate, and 232 g. (2.0 mole) of N,N-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 zn 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-cxn. Vigreux column 
gave 64 g. (33%) of l,l-diethyl-7-( 1-naphthy1)diethylenetri- 
amine, b.p. 155-158" (0.2 mm.). 

Method VIIIA.-N-(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 I.). The xylene was dried over anhydrous magne- 
sium sulfate, 127 g. (1.0 mole) of 5-ethyl-Zpipecoline 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-nil. 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. (707,) of 
5-ethyl-1- [2-( l-naphthylamino)ethyl]-2-pipecoline, b.p. 158-159' 
(0.05 mm.). 

VII1B.-Xylene solutions of 200 g. (1.1 moles) of 4-[2-(1- 
pyrrolidingl)ethyl]piperidine and Xi-(2-bromoethy1)-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. Gpon cooling, a small amount of solid separated 
which was collected and discarded. The heptane was removed 
in UUCZLO 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 1-[2-( 1-naphthy1amino)- 
ethyl I-4-[2-( 1-pyrrolidiny1)ethyl ]piperidine dihydrochloride thus 
obtained weighed 22.9 g., m.p. 258-262'. 

VI1IC.-A solution of 254 g. (2.0 moles) of cyclooctylamine 
and 1.0 mole of Pi-(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 
307, aqueous sodium hydroxide. The solid was collected, crys- 
tallized from dimethylformamide, washed with acetone, and 
dried in vucuo. The X-cyclooctyl-N'-1-naphthylethylenedi- 
amine hydrobromide thus obtained weighed 76.2 g , m.p. 250- 
252O. 

Method 1X.-X-1-Naphthylethylenedianiine 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 nas  removed on the 
steam bath to  give 378 g. (2.03 moles) of base. To a solution of 
the diamine in 290 nil. of '35% ethanol was added a rold solution 
of 90 g. (2.03 moles) of ethylene oxide in 200 nil. of 957, ethanol 
at  an initial temperature of 20". The temperature was main- 
tained below 50" until the reaction was no longer exothermic. 
After standing a t  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 a t  193-210" (0.15 mm.) were com- 
bined (151 g., 32y0) and induced to solidify by trituration with 
anhydrous ether. Microanalyses and ultraviolet absorption 
data indicated that the compound was 2-[(  1-naphthy1amino)- 
ethylamino]ethanol. I ts  picrate salt was identical with the 
picrate of an authentic sample prepared from 1-naphthol and 
N-2-aminoethylaminoethanol via the Bucherer reaction. The 
distillation residue was dissolved in 500 ml. of hot ethanol. The 
solution wm treated with decolorizing charcoal, filtered, and di- 
luted to  about 4 1. xi th  ether. Treatment with anhydrous 
hydrogen chloride gave 143 g. of solid, m.p. E 145'. Two re- 
crystallizations from 95% ethanol gave 96 g. (45%) of 2,2'-{ [2- 
( 1-naphthglamino)ethyl]imino) diethanol monohydrochloride, 
m.p. 155-157'. 

Method X.-A suspension of 33.9 g. (0.20 mole) of 2-diethyl- 
aminoethanethiol h y d r o c h l ~ r i d e ~ ~  in aqueous ammonia was 
extracted with toluene. The solution of the base was dried over an- 
hydrous magnesium sulfate, and to i t  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 N-(2-bromoethyl)-l- 
naphthylamine, prepared from 66.2 g. (0.20 mole) of the hydro- 
bromide salt as in method VIII ,  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 ?u'-[2-(2-diethylaminoethyl- 
thio)ethyl]-1-naphthylamine, b.p. 164" (0.1 mni.). 

Method XI.-N-Benzyl-K'-1-naphthylethylenediamine hy- 
drochloride (38) (11.0 g., 0.035 mole) was suspended in 150 ml. of 
water and 10 ml. of 6 S sodium hydmxide 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 S 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 N-benzyl-N-methyl-?'-1-naphthylethylene- 
diamine hydrochloride weighed 2.0 g. (l87& m.p. 200-202'. 
The melting point of a mixture of the starting material and 
product was depressed to  178-186'. 

Method XI1.-A nii\ture of 62.4 g. (0 2 mole) of N-benzyl-"-1- 
naphthylethylenediamine hydrochloride (38 ) ,  40.2 g. (0.2 mole) 
of 8-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 vucuo, 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-K-2-phenoxyethyl-S'- 
I-naphthylethylenediamine, m.p. 95-97". 

2 4  1-Naphthy1amino)ethanol.-A solution of 1.1 kg (25 moles) 
of ethylene oxide in 10 1. of 957, ethanol maintained a t  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 95(7, ethanol at  40". 
The reaction was not exothermic. After the addition was com- 
plete, the reaction mixture was allowed to stand overnight a t  
room temperature and was then heated under reflux for 3 hr. 
Volatile materials were removed zn vucuo, and the residue was 
distilled through a 25-cm. Vigreux column to give 3.14 kg. (73%) 
of 2-( 1-naphthy1amino)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 CI~HISNO HCI: C, 64.1%; H, 6.31; N ,  
6.26. 
N-(2-Bromoethyl)-l-naphthylamine Hydrobromide.-A mi\- 

ture of 1 kg. (5.35 moles) of 2-( 1-naphthy1amino)ethanol and 9 

Found: C, 61.59; H, 6.49; ?;, 6.35. 

(42) Purchased from Evans Chemetics, Waterloo, N. Y. 




