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ring and cooling until just basic. The solid wus filtered and
winshed with benzene and water.
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A serieg of N-mono- and N, N-dialkvl-N’-1-naphthylalkylencdiamines were prepared by:

(1) alkylition o

l-naphthylamine with an alkylaminoalkyl halide; (2) reductive alkylation of 1-naphthylamine with an amino

aldehyde or ketone;

(3) treatment of a N-(w-huloalkyl)-1-naphthylamine with an amine;

(4) reaction of 1-

naphthol with an alkylenediamine; (3) the action of ethylene oxide, aldehydes, or alkyl halides on a N-(I-
naphthyl)ethylenediamine. The use of sodium hydrosulfite in the Bucherer reaction with 1-naphthol is described.
1-(1-Naphthvl)aziridine was prepared by the action of strang base on N-(2-bromoethyl)-1-niphthyvlamine.

During the course of continuing effortz in these
Laboratories to develop new schistogomicidal agents, it
was discovered that various 4-(aminoalkylamine)-1-
naphthylazo heterocvelic compounds of structure I
exhibit strong therapeutic activity against Schaistosoma
mansont infections in experimental animals? The
synthesis of many of these azo compounds required the
preparation of the corresponding N-mono- and N, N-di-

NH—Y—NR/R;
X N=N—Het
1

alkyl-N‘-1-naphthylalkylenediamines (II), where R,
and R, represent hydrogen, alkvl, or aralkyl groups, Y
an alkylene radieal, 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 alkylation of the amine with an alkyl-
aminoalkyl halide in ethanol® or in a hydrocarbon sol-
vent in the presence of an acid acceptor such as potas-
sium carbonate.* Where the alkylaminoalkyl halides
are readily available,® 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-
lelder, 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 (1948).

(5) The hydrochloride salts of N,N-dimethyl-2-chloroethylamine, 2-
cblorotriethylamine, N-(2-chloroethyl)diisopropylamine, N,N-diethyl-3-
chloropropylamine, N,N-dimethyl-2-chloropropylamine, and 3-chloro-N,N,2-
teimethylpropylamine were purchased from the Michigan Chemical Co., St.
Lonis, Mich.; 2-bromotriethylamine hydrobromide from Columbia Organic
(bemieal Co., Columbia, So. Carolina; N-2-chloroethylpyrrolidine hydro-
chtoride from the Aldrich Chemical Co., Milwaukee, Wis.

Cuarr A
11%
NH, N=C(CH.)4x NR.R,
X} R,COICH,)xNR.R. @O
D a————
A
X X
Ha1—Y—N$ l[HZ
NH—Y—Hal \ NH—Y—NR,R.

|
SONEE g
X X
11
T HN—Y—\R.R.
NH—Y—NH, (‘)H
X X

cedure gave poor vields or where it was necessary to
prepare the intermediate aminoalkyl halides®—1¢ from
the corresponding amino alechols, it was often ad-
vantageous to pre-form the more reactive anion of the
aromatic amine, utilizing sodium hydride (method II,
Tables T 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-naphthvlamine with

(6) W. B. Wright, Jr., H. J. Brabander, aud R. A. Hardy, Jr., J. Ovg.
Chem., 26, 2120 (1961).

(7) J. B. Wright, E. H. Lincoln, R. V. Heimsebinanu, aud J. H. Huourter, J.
Am. Chem. Soc., T2, 3536 (1950).

(8) F. Blicke, U. S. Patent 2,922,793 (1960).

(9) R. B. Moffett and B. D. Aspergren, J. Am. Chem. Soc.,
(1957).

(10). J. P. Mason and H. W, Block, 1bid., 62, 1443 (1840).

(11) S. Gabriel and J. Colman, Ber., 39, 2879 (1906).

(12) O. Magidson and I. Th. Strukov, Arch. Pharm., 371, 369 (1933).

(13) 8.-T. Lu, C.-K. Liu, C.-8. Yang, T.-H. Chu, and C.-C. Chang,
Hua Hsiieh Hsiieh Pao, 22, 5389 (1956); Chem. Abstr., 82, 12866a (19381,

(14) H. C. Klein and I. A, Kaye, J. Am, Chem. Soc., 70, 1283 (1348).
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NH(CH.»NR:R:

Yieli
Coupnl. i, O Dy purifiet,
10, NR:1 N I RS T TR 1, o~ Meiloni
1 NHC:H; H 20720705 44 A
2 N(CH;)s 1 161-16212 5 1.6LIN 10 I
3 NH(CH, ,OH H L7317 63 \
| NCH;(H; H 14314600 3-0 4} 1.5990 13 |
T NCH;;(CH;).0OH 11 183{0.5 1.6220 an! VI
G NHCH.CCHg==(H. 13 1351 .04 ¢ 16113 62 VT
T N(CH,), H 2143 0.1, I 6183 33 I
< N[(CHy) ) Fl [85-190} e |
4 N(CyH,), -l 1T A |
1) N{(CoHs)s S-('1 17T 18T dee, s 0 11
11 N1{CH;)loNH B 1T0-17340.25; 1.7023 27 Y
12 N(C:H;). H 17017241 .55 1.5903 76 1
I NCH;CH(CH;), H 131135 (0.09* 1.5909 0 I
14 NC.Hy(CH,),OH H TT0-17200 25 1.6109 3N Vi
15 NH(CH,)»0CH; H 1Au-15370 07 15936 65 Vit
16 N{(CH:),OH!}: H CLHAIAT £ IN
1 NCH;CH.CH==( 1. 11 170,075 1,794 65 VI
I~ NHCH(CH,), B 1040 055 1.6132 B VI
m N(CH.); H 16837300 4-10. 6] L. 608y ™ VTl
20 N{(CH:)Ll.CHOU H 104106 e VLT
N
21 ! S >—0OH H 105~ 10N, T VIl
22 Ni(CHy 1N CH, H LE3-16510, 25 8T VI
23 NCHy(CH.:CH, H [46 15100.08%-0.2 I asu2 7i |
24 N(CaHy 6-OCH, 19512, 15904 ! |
RN N(C.H;) T-OCH, 169-173:0. 7 15873 Ol 1
2 NH(CH:);01CH, 3011 3 210213101 16040 41 Vil
27 N(CH.CH==CH,% H 16917200 T 15065 ™ VITL
25 NHCH(CH.); H 16910 2 t.6067 N VIl
| N [(CHs ) loCHCHS, H 163004 1.5943 Tl Vil
N
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30 N(CHCH;CH.).CH. H 16210 45 1.5990 3N VIl
1 NCH;CH(CH.); 1 167025 | 5985 Th A1
1 NCH;CH,CeH, H 2002023 I~ A
42 N{CH,CCHy==CHa e H 112-114 50,05 | 3852 47 V1l
45 NHCH(CH;)s H C250--202 20 VI
1 N{CHCH;CH),CHCHY 1 FOB0-23 1 1 VIl
L,
15 CH (S\/l 11 1581080 €005 1 an4] Tu VIl
A1y N
16 NICCH)CH,l 13 [N3-183 (0.7} | .5616 83 |
47 N]CHCH(CHj)sl H 191-192(1 .5} 1.3608 20 1
IN N{(CH):0C4H, 1, H 158¢0.073 13600 70 VIl
1 NCeHy(CH. . N(Cul ), H | 47=145 (0. 1) 1.5715 40 VITL
aa Csjg 1 20110013 30 VI
N
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Purifi-
cation
solvent®

1\

A

Formula

CiHuN, - CeH N0,
CiHigN,

CunNzO . C‘eHaNSOTd'e

CisHzoN;
CszoNz()
CisHoN,*
Ci1sH20N
C1eH2oN-O  2HCY
CysHa CIN: - HCI
CiH,,CIN,- 1. 75HCY
CisHxuN;
CIGH22N2/
ClﬁH22X2

C1sH:2 N0
C1sH2N,O
CI7H22N2

CyH2z N,

C17H2e N,
CI'IH?'ZN?U
CiyyHaxN,0

Ci/Hz N5
ClTH24N2i
Ci7HaaN 0
CH2N,0
CI7H24N2O2
CISH22N2
CisHuN,
CISH24N2
CISH24N2

CisHauN,
C1sHuN0
CisHxN;0 - 3HCHF
C1sH26N3
ClngﬁNg()z
CisH2gN2Os
CysH N,
CisHaoN2-HC
CroHx N,
C1sNz N>
CypoH»N,-HCI”
CaoHze N
CgongNg -HBr°
CyHz N, HCI?

CaHasN»

Ca0HsNe
C20H3oN>
C20HgoN202
C?OHslNa

C21H22N2

~— Carbon, % ——
Found

Caled.

54,
78.
52.
78.
73.
.95
.95
.36

79
79
38

61.
96.
7.
20
79.
37
.38
.82
80.
80.
30.
.52

79
74

74
61

75

75.

75.
79.
74.
74.
70,
81.
80.
80,
80.

30

79
75
71

75
72

80.
.80

80

73.
.58
63.
72.

81

81

30.
30.
72.
76.

33

17
46
28
90
73

34
42
25

249

26
26
26

52

30
64
96
96
80
15
55
55
55

.95
76.
32.
.95
48
.49
74
.94

02
88

80

49

65
15

.03

48
48
69
63

.40

54.
8.
.38
78.
73.
80.
9.
.h0
61.
56.

52

o8

(e
7.

Y

IEY
4.
.64
.99
.08
80.
.85

61
79
30

75

-

(o,

[
79

-

80

30
28

70
23
26
54

64
03
1
20

.04

05
60

12

64

.88
.40
74.
.09
70.
81.
.40
80.
80.

61

47
14

18
43

.87
.07
.56
.88
45
54
.31

73.11

81

.61
.11
.91
31
.78
.54

11

80.87

80.
72.
76.2

—~-Hy\lrogen, 7-—

Caled.

[ Sl

=1 C- G0 X0 G0 00 W~

o

10.
10.
.15
.97

~1 % &L LT LT W

0w W o w

© © © 00000 WO w

~1 00 1 © O DO WO O > ©

s
.46
.61
.83
.25
.39
.39
74
.08

73
29

)
15
58
58
.46
72
.72
72

20

.20

.61
44
.88
.88
.39

01
01

.01

.01

51

.90
.69
15
.67

54

.28
.28
.09

90
75

78

13
13

.33

Found

4.
.64
.63
.80

~1 o

=T W W T L LS~

<

10.
.35
.25
.90

10

o 0 L - ®

w o W W

© L© © 00w O W

.15

O OO O D>WX

® ~ oo

81

19

.69
41
.04
.26
74
.22

88
44
46

.65
.40

68
89
83

.30
.40

.66
.49
.89
.62

37

.29

07
05

.96
.35
.95
.93

-
‘

.63

47

.68
.35
.53

95
7

.91

79

.49

16

.48
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—~-—Nitrogen, %——n

Found

Caled.

15.
.07

13

15.
12,
AT
.66
.66
5l
.94
.23
16.
.56
.56
10.
10.

11
11
11
8
s
s}

11
11

9
11
11
11
10
10

15.
10.
10.
10.
.72
10.
10.
10.
10.

— = =
S OO C o

\llDOOlDiD@W-_:D

@w

©

Y

W w o o

80

25
27

16

85
85

.01
.02
.02
.02
.36
.36

60
93
29
29

52
44
44
44

44
.85
(28
.36
78

27
72
96

.92
92

-

52

43
.42

45

.39

39

.48
.40

.27

15.
13.
14.
12,
11
11.
11.

S,

8.

S,
16.
10.
11
11
11

9.

11.z

10.
I
10.
10.

15
11
10.
10.

10
10.

10
10.

10.

10.

10.

14

10.
10.

S~ O

©

98
16
97
36

.85

76
75
50
84
2
52
80

44
.07
.05

T R OC D
oo ~1 L D0 e

.81
.07

42

15

.69
.68

(313

.58

45

52

.93

34
53

.80

-

.75
.80
.94

13
10

.68
71
.82
45

.56

.36
44
.70
3.
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Tasre 1 Condinned:

Y1eld
Cowmpd By, “C. (mm.) purified,
no. NRiR« X Gy e, PO Wiy ‘ Metinnt
1] ,/j@ 11 [T A% VIt
KN
7= N CHCH=CH.CH(CH, ), H [N 0L I a3 20 V1
N (CH,) ,N(CH.
a5 @ v a): H 17010071 | ASNiT 13 Vil
4 N{(CHa)a| ;CH{CHy 1N (CH; H 205 (0.3 15013 62 VIl
57 NCHy(CHy )N [CH{CH; )]s H 1510.9) 1.561% 36 VI
"’(l’ .\:[(.'H(‘CHZ).IIQ Fl C180-183) s Vi
i N(CyH;)e 7-0(CH N (CoHe b 1.3615 20 I
a8 NiCCH ) ,CH(CH. ), N{ CHs)s H f VI
34 N1{CHa)elo CH(CH.)o N [( CHa)a 50 H 0 Vil
GO N{(CHLCHCH LN CH, ), Il 3% VI
61 @CH?CHzN(CHz)s H CINA- NN 5 VHI
N

ti NUCH LNUCH L 1 1770 15503 2 V1L
63 N [ CH )N (CoHi ) H 207-208¢0. 1) 15467 14 VIl
G4 NCH.CoHy( CHL O H; rl HA0T 10 X11

" Where analytieal values for salts are given, vields are for materiuls isoluted directly Tronr the reaction mixtares unless indico Gl

otherwise in the foatnates.
or off-white,

¢, dimethylformamide:  H, methanol-2-propanol: 1, ethanal-ether.
acid:  nnalvzed as the piernte, vields indieated ure far the distilled free bases.
Found: ), 72.65;

¢ Picrate from ethunol-tuethanol, unp. 158-160°,

for Co.Hy N, (7, 73.01; H, 7.88: N, 12.17.
AL Cope, S Jloa Chewg. Soe., 68, 2494 (1946).
OR.05. F Rolidifies, mup A% GO°,

d-cliloro-N )N, 2-trimethvipropylamine.?  The carbonate
procedure i toluene gave only 1397 of the desired
NN 2-trimethyl- N'- 1 -naphthyl-1,3-propanediamine,
The substitution of xvlene as the solvent raised
the vield to 669, while the uxze of sodium hydride in
xylene inercased the yield to 93%. Sodamide iun
xylene' ' pave 753% of the produet, although a shorter
reflux period wasx uxed.  Similarly, alkylation of N-
methyl-I-naphthylamine with 1-(3-chloropropyl)piper-
idine using the xylene =odium hydride technique gave
the desived alkylated naphthylamine in 429 yield,
whereas attempts to alkylate the amine with 2-chloro-
tricthylamine hydrochloride utilizing the benzenc-
potassium carbonate method failed. When 2-bromo-
tricthylamine hvdrobroniide was substituted for 2-
chlorotriethylamine in the latter procedure, the desired
N.N-diethyl-N'-methyl-N‘-1-naphthylethvlenediamine
was obtained in 469 vield. These results suggest
that alkyvlaminoalkyl bromides could be uged to
advantage in certain instances where low vields are
obtained with the alkylaminoalkyl chloride-sodium
hvdride method.

The availability of certain amino aldehydes and ke-
tone="1% prompted us to investigate their usefulness in

Gy N D Chapoean, b WL bones, el BP0 AL Willlawms, /. Chest, Sov,
4021 (10523,

f10) ¢, I Greil, Lo L Teneubwos, AL V. Tolstpoabov, O, 0. Duaean, 4, I
Reinbard, . E. Awderssan, and Jo V. Rendi, . e, Chene e T4, 1213
{1952,

217y 1-Methyl-d-piperidoue nnd  S-diethylamino-2-pentanone were pur-
chased from tbhe Aldvictt Chrewmical Co., Milwavkee, Wis., and 3-diethyl-
amino-2,2-dimethylpropionaldehy le from Distillation Produets Industries.
Rochuster, N YL

(18)  w,a-Dimetlglpyrrollinepropionaldelyde sud e, e-ditoethylidperi-
JHuopropionaldehiyde were made available througl the conrtesy of Dy J. M.
Rtraler, Tennessee Fastman Co,, Kingsport, Tenn.

Liguidg are colorless or pale yellow in eolar and often exhibit o purple flunrescenece,
P A, ethanol-methanol: 13, 2-propanal: €, dimethyHormamide-cthivl acetate: 1), ethanol:  F, benzene: F, methanoel:

S AManalivdrachlovide, mup, 138-140°.

Sulids nre colorlyss

¢ Basge, b.p. 13:05-136° (0.3 iy, CeHyNOx represents pivrie
CBase, oo 188-103° 00.3-04 e Ldnal, Coded.

H, 7.7 N, 12,000 Reported previously by M, AL Stalimznn aud

" Caled.: 28,63, Found:

AL Calede: 26020 Fonnd: 26,410 base bop. 102° 0.7

the preparation of naphthylalkyvlencdiamines,  Ju 1942,
Bergman'® described the preparation of N', N'-diethyl-
Né¢I-naphthyl-1,4-pentancdiamine by the reductive al-
kylation of l-naphthylamine with 5-dicthylamino-2-
pentanone utilizing a 5%, palladium- barinm sullate
catalyst in the presence of diethylaniline hydrochloride.
This procedure proved unsatisfactory in our Lab-
oratory. Alternatively, pre-forming the Sehiff base by
heating l-naphthylamine and the appropriate amina
aldehyde or ketone with a small amount of p-toluenc-
sulfonic acid in an aromatic solvent, followed by hy-
drogenation in methanol over palladium on charconl
(method 111, Tables T and II) provided the desired
products hic satisfactory yvields.  With I-diethyhnana-

NHCH. CH,N(C,Hs).,
\ 1]
I
N
11

methyl-i-cyelohexene-i-carboxatdehyvde and  1-uaph-
thylamine, reduective alkylation gave, ag expected.
N, N-diethyl-N’-1-naphthyl-1,1-cyclohexanebis(methyl-
amine) (TTT) rather than the cyclohexene derivative.
Thae struetnre ITT was assigned on the bazis of hydrogen
uptake, microanalytical values. and the n.m.r. spee-
traan (CCL, 60 Me.y, whieh showed no ethylenic proton
peak at 4.4 7. This peak was present in curves of -
evelohexene-1-carboxaldehyvde  and  1-diethylamino-
methyl-3-eyvelohexene-1-carboxaldehyde.

The ring-substituted I-naphthylamine precursars
used in the foregoing veactions are available com-

A0 1, Beventaon, British, Patent 547,501 < Asnest 21, 19428,
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Purifi-
cation ——-Carbon, %-—— ~—Hydrogen, %—— ~~—Nitrogen, %——
golvent? Formula Caled, Found Caled. Found Caled, Found
H Ca HesN, - HCH? 73.12 73.20 8.47 8.51 8.12 8.22
Cs1HgsN 81.77 82.07 9.15 9.22 9.08 9.17
CyuHa N, 77.49 77.57 9.60 9.80 12.91 13.12
CoyHuN3-2HCL 0.33H,0™* 62.37 62.14 8.39 8.24 10.39 10.29
CuHyN, 77.01 76.74 10.16 10.06 12.83 12.92
F CaeHyN,- HCY 73.61 73.65 8.71 8.42 7.81 7.59
Cy:H3: N0 73.90 73.52 9.87 9.72 11.75 11.52
F CyHy N5 2HCL 65.08 64.87 8.31 8.27 9.90 9.74
A CyHyiN;0-2HCL-0.25H,0™ 62.08 62.26 8.04 7.94 9.44 9.09
A CyH3: N3 2HCIF 65.74 65.96 8.51 §.34 9.58 9.70
F CgH 3N, 2HCH 65.74 65.43 8.51 8.64 9.58 9.50
CoHypNy 74.95 75.18 10.48 10.28 14.57 14.66
CasHyyNy 75.67 75.37 10.75 10.52 13.58 13.75
CynHglN,0 81.78 81.56 7.12 7.05 7.07 7.19

mmn.). ! Yield expressed as base, b.p. 174-6° (0.3 mm.). ™ From N-l-naphthylethvlenediamine. " Cl, Caled.: 10.85, Found: 10.77.
° Br, Caled.: 21.18. Found: 21.21. ? Cl, Caled.: 10.65. Found: 10.77, from the base, b.p. 187-191°{0.5mm.). ¢ Cl, Caled.: 10.28.
Found: 10.49. 7 Yield expressed as base, analyzed as the hydrochloride: Cl, Caled.: 17.533. Found: 17.78. ° Water (Karl Fischer),
Caled.: 1.49. Found: 1.31. ! ClL Caled.: 9.88. Found: 9.53. ¥ Cl, Caled.: 16.71. Found: 16.20. ?Cl, Caled.: 15.94. Found:
15.87. ® Water (Karl Fischer), Caled.: 1.01. Found: 0.97. ¢ Cl, Caled.: 16.17. Found: 16.02. ¥ Cl, Caled.: 16.17. Found:
15.99. ? Reported previously by M. Yokoyama, K. Iwata, and 8. Toyoshima, Yakugaki Zasshi, 78, 428 (1958); Chemn. Abstr., 52,
14573d (1958).

Tapre 11

OTHER N-Mox0- AXD N, N-DIALKYL-N’-1-NAPHTHYLALK YLENEDIAMINES®

RN—Y—NRR;
Yield
puri-

Compd. B.p., °C.(mm.) fied, Carbon, %, Hydrogen, 9, Nitrogen. "%
no R —Y—XNRiR: or (m.p., °C.) nip % Method  Formula Caled. Found Caled. Found Caled. Fouud
85 H —CH(CH3)CH:N(CHs)2 120(0.2) 1.8050 32 I CuisHao N2 78.90 79.23 8.83 8.87 12.27 12.40
66 H —(CH2)sN(CHys)2 146-151 (0.8) 1.6040 79 v CisHaoN2 78.90 78.79 8.83 1.09 12.27 11.93
67 H —CH](CHz2):]:NCH3s 144-145 (0.2)? 66 111 CigHaoN2 79.95 79.70 8.39 8.59 11.66 11.72
68 H —CH:CH(CHz)CH2N(CHa)2 117-118 (0.15)7 93 11 CisH2eN2 79.29 79.20 g.15 8.98 11.56 11.55
69 H —(CH2):NHCH(CHsy) 150-155 (0.25) 1.6130 65 AY CisHoaN2 79.29 79.27 9.15 8.99 11.56 11.00
70 H —(CH2):N(CHa)s 153-155 (0.1)° 71 I C17H2oN» 80.26 80.32 8.72 8.69 11.02 11.32
71 H —(CH2)sN[{CH2):]:0 (82-84) 72 v CiiH1N:0 75.52 73.4> 8.20 8.29 10.36 10.45
72 CH:;  —(CHz2)2(C:Hs)2 120-132 (0.5) 1.5713 43 1¢ CuHaN2? 79.63 79.69 9.44 0.82 10.93 10.8%
73 H —CHC(CHs)2CH2N(CHas)2 141-143 (0.73) 1.5850 72 111 CiiHuN: 79.63 79.60 9.44 9.41 10.93 11.08
74 H —(CH2)sN(C2Hz)2 150-154 (0.12) 1.3866 71 I CirHxN»? 79.63 79.24 9.44 9.48 10.93 11.15
75 H —CH:CHOHCH:N(C2Hs)2 176 (0.5) 31 v CrrH%N=0/ 74.96 74.46 8.88 8.47 10.29 10.48
76 H —CH]CH:N(CHza)2]2 136 (0.3) 1.5836 11 v CisHasNs 75.23 75.02 9.29 9.04 15.48 15.67
77 H —(CH2)sN(CH2)s 165 (0.2)¢ 75 I CisHaN2 80.355 80.47 9.01 9,11 10.44 10.36
78 H —(CH2)2S(CH2)2N(C2Hs} 2 164 (0.1) 1.6015 36 X CisHogNoS 71.47 71.02 B8.47 8.65 90.26 9.2z
79 CHs —(CH2)aN(CHa)s 128 (0.07) 1.5725 42 II CisHasN2 80.80 81.30 9.28 9.37 9.92 9.68
80 H —CH:2C(CH3)2CHaN(CHoz)4 (57-58) 55 II1 CisHaeN2 80.80 80.93 9.28 9.14 9.92 9.82
81 H —CH-C(CH:)2:CH2N(C2Hs): 158 (0.8) 1.5803 47 III CiroHas N2 80.23 80.35 9.92 9.92 9.85 9.8)
82 H —CHCHa(CH2)sN(C:Hs)2 147-151 (0.15) 1.5730 73 111 CrsHas Nt 80.23 80.20 9.92 9.93 9.85 9.88
83 H —(CH2)sN (C2Hs)e 198-199 (1.7) 1.5740 47 I Cr9Hag N2 80.23 80.38 9.92 9.90 9.85 9.6u
84 H —CH:C(CHs):CH2N(CHz)s  (74-76) 85 111 C20H2s N2 81.03 80.90 9.52 9.35 9.45 9.22
85 H —(CH32):NH(CH:)7CHs 182 (0.2) 1.5630 27 v C21H N> 80.71 80.41 10.32 9.91 8.97 9.12
86 H —CH:C(CH2)sCH2N(C2Hs)2 161 (0.07) 26 II1 Ca2HaeNe 81.43 81.46 9.9+ 9.48 8.63 8.7l

@ 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. Caled. for CizHaN-2HCL:  Cl, 21.53; N, 8.51. Found: Ci, 21.64; N, 8.82. / Picrate, orange crys-
tals from ethanol-petroleum ether, m.p. 155-156°. Anal. Caled. for CiyHuN,O-CeH;N;07: €, 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, 12205 (1947), 7 Solidifies on
standing, m.p. 51-53°,
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Reactants nwnlest Cotplitinns Yield® Recoverel
Iixperi- N, N-Dimethyl- teres. SO i L-paphthoi
ment 1-Nitplansl 1,3-propaumedianio. Suliyr reagent Litoe shr.: y o
I 0G0 0 .G None 200,164 N T0
2 14 a0 =0 (0,251 LOO/ 1S 32 19
3 20 20 S0, 10.63) LH0/S 8] a6
1 Rt o0 NaH=S0; (0,50 Reflux, 21 {] B
B GO 66 NaHRO; (0.90) 1508 41
G GO GO NuH=RO; (18 150 /S N
v Cla 40 NaHR0O, (0.30) 150 08 10}
= G0 |2 NicHRO. (0,903 NGRS U8
1) LG 0.6l NaH=RO; (0,90 200, 8 :
10 60 G Naia=yt), 10.60) 15078 Gl 20
11 Gl [SB! Nia=0), (0.60) 150,12 63 20
12 1O VR 204 (0,604 200/ '
143 i ) .0, 10.60) 170N 11
il G} G h 20 (0.60) + NaOH 10.63: 1508 16 1)
15 LGt (G4 N0y (0607 + S0. (1.3 100N ? '

® lixeept when indicated in foatnotes, rescetions weree rin in an aqueons mixture in o bowb.
7 Ralvent, benzene,
¥ Extensive decomnposition occurred and no product canld be isolated.

naphthol. ¢ No attempt muade to recover I-uaphthol,

RIS

mercially or were prepared by known metheds.
6-(2-Diethylaminocthoxy)-1-naphthylamine  was  ob-
tained by alkylation of the sodivm salt of N-(6-hydroxy-
I-naplithyl)acetamide with 2-chlorotriethylamine fol-
lowed by acid hydrolysis of the intermediate N-[6-(2-
diethylaminoethoxy)-1-naphthylJacetamide.

\ third scheme uzed for the preparation of the naph-
thylalkylenediamines involved the Buchever reaction
with l-naphthol and aliphatic diammes.  Once again,
the ready availability of a variety of starting materials
made this synthetie route particularly attractive.  The
reaction between l-naphthol and N, N-dimethyl-1.3-
propancdiamine was selected as a protetype for deter-
lmining optimum experimental conditions (Table I111).
Unexpectedly, some of the desired N, N-dimethyl-N"-1-
wiphthyl-1,3-propanediamine was izolated 80 ) when
cquilnolar quantities of I-naphthol and the e
bengene were heated in a borb for 16 hr, at 200° in the
absence of any sulfur reagent.  When I-naphthol,
exeess amine, and aqueous sulfur dioxide® were heated
in @ bomb at 100° for 18 hr., the vield was increased to
32¢0 (method VI).  With sodium bisulfite (method
V), optimum yields (68%%) were obtained when I-naph-
thol was allowed to react for 8 hir. with exeess diamine
and bisulfite in water at 150° in a =caled vessel. S
prisingly, it was found that sadinm hydrosulfite (Na.-
=0y (method IV) could be substituted effeetively for
~edian bsulfite in the Bucherer reaction.  "The farmer
reagentt was particularly advantageous beeanse the iuse
of exeess diamine covdd be avolded.

The Bacherer reaction with 1-naphthol and alkylene-
dimmines proved to be a versatile method and was used
<ticecssfally for the preparation of a variety of naphthyl-
alkvlenediamines (Fables T and 1), In general, the

rz0r 11 FL Fierz=Daveed, Lo Blargey, aml Wo von Kraunieldeldt, Hole

i, Jlefe, 80, 831 (10171,

21 AL Batetwudt and Gl Sehramm, Ber.. 68, 2087 11935).

22y L Steele aad R Adams, J. Ame Chemn. Soc., 52, 4528 11930).

i2) 161 Avmstrenyg and W PO Wynne, Peoe. Chem, Sue,, 6, 71 (1880,

24 WL BDervel nad N Lege, J. Chesn, Sov., 1889 (19405,

123 2-Ethoxy-1-napbtlglamine was obtained theongh the courtesy of
Dy W, AL Fisher, National Auilive Division, Athed Chpmieal Corp., Unffolo,
N.Y.

i260 10,

N R TIEN

B. ITartsloon wad X T Baied, Jr., J. JDws Clewe Souv,, 68, 1562

" Yield nut adjusted for recovered 1-

¢ Bomb not nged. ¢ Rolvent, 5077 niethanol-509% water.

vields obtained with sodinm bisulfite or hydro=ulfite
under optimnm conditions are comparable to vields
obtained by other methods. Tn the case of N,N-ii-
methyl- and N-izopropyl-N’-l-naphthyl-1,3-propane-
amine and 2-[2-(1-naphthylamino)cthylamine Jethanol,
the Bucherer reaction aftforded significantly higher
vields than the alkylation procedures.  Resalts of the
present study, together with results of unpublished
work with analogous systems, suggest that the sedinm
hydrosulfite procedure often gives higher vields than
the sodium bhisulfite procedure.  In several instances,
the struetures of the produets of the Bucherer reaction
were verified hy coniparizon with authentie samples of
naphthylalkvienediamines  svnthesized by the other
nethods deseribed herein,

Althoungh no attempt was made in the present study
to clncidate the miechanism of the Bucherer reaction
with  l-naphthal and  sodium  hvirosulbfite,  certain
obsgervations are pertinent, The keyv  intermediate
postalated recently Tor the Bucherver veaction with 1-
naphthol and sodium bisulfite 1= =howu v Tormula

[Va #® It is possible that TVa may alko be present
O
w, L= R0 Ns
I, Ho= SO\
R
W

when hyvdrosulfite 1= nsed, sinee the dithionite anion
=:057 7 i known to decompose in aqenits solittion ti
bisulfite (FISO,;™) and thiosalfate (30,77, Alterna-
tively, an intermediate of structure IVh would not be
unreasonable.  In a similar reaction, the product from
sodium hydrosulfite and forinaldehyde has been for-
mulated as an equimolar mixture of sodium hydroxy-
methylsulfite and sedium hydroxyrethylsulfoxylate,*

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

27y . V. Bogdauny and N. N. Karawlashevi, Zbho Ohsbok, Khim,, 26,
3365 (19361,

{281 A. Rieclie nnd 1. Seebotly clwa. Cheme., 638, 66 (19601,
20 R, Reholler and 3 Denk, Z. avoog allgene. Che., 222, 17 5 10,
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14, the yield of N N-dimethyl-N'-1-naphthyl-1,3-
propanediamine was drastically reduced by the addition
of 1 equivalent of sedium 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
l-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. No reaction cccurred,
although admittedly the use of a polar solvent would
have afforded more rigorous evidence. I'urther, no
product was obtained when l-naphthol was treated
with equivalent amounts of N,N-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 moxt convenient method involved the
condensation of a N-(«-haloalkyl)-1-naphthylamine
with an amine. The reactions of N-(2-bromoethyl)-
l-naphthylamine with amines were studied most
extensively. The preferred procedure involved 1
equivalent of N-(2-bromocethyl)-1-naphthylamine, 2
equivalents of the amine, and a high boiling hydro-
carbon solvent such as xylene (methods VIITA-C).
Alkylation, using a suspension of N-(2-bromoethyl)-1-
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 N N-dicyclopentylamine, 2,6-di-
methylpiperidine, 2,4,6-trimethylpiperidine, and 2-(2-di-
methylaminoethyl)piperidine, where niolecular models
clearly reveal the existence of a bulk factor which
might inhibit formation of the Sx2 transition state.
Respective yields of 59 and 719, 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 N-(3-piperi-
dinopropyl)-1-naphthylamine from N-(3-bromopropyl)-
l-naphthylamine and piperidine. The yield was com-
parable to that obtained by alkylation of 1-naphthyl-
amine with 1-(3-chloropropyl)piperidine.

N-(2-Bromoethyl)- and N-(3-bromopropyl)-1-naph-
thylamine were obtained by the action of hydrobromic
acid on 2-(N-l-naphthylamino)ethanol® and 3-(N-1-
naphthylamino)-1-propanocl,® respectively. The ali-
phatic amines are commercially available3? or were
prepared by methods described previously.3.34

(30) Yu. K. Yurev, K. Yu. Novitskii, and L. G. Liberov, Izs. Akad. Nauk
SSSR Otd. Khim. Nauk, 317 (1951); Chem. Absir., 46, 932¢ (1952).

(31) Purchased from Kaplop Laboratories, Detroit, Michigan.

(32) N-Ethylethylenediamine, N-ethylallylamine, N,N-diethylethylene-
diamine, 2-(2-dimethylaininoethyl)piperidine, 4-(2-dimethylaminoethyl)-
piperidine, 4-[2-(1-pyrrolidinyl)ethyl|piperidine, 4-|2-(4-piperidyl)ethyl]-
morpholine, 4-(2-piperidinoethiyl)piperidine, 2-(2-piperidinoethyl)piperidine,
and N-isopropyl-1.3-propanediamine were purchased from the Sapon Labora-
tories, Valley Stream, N. Y.; 2-](2-aminoethyl)aminolethanol, 2-methyl-
aminoethanol, 1-(2-aminoethyl)piperazine, 2-ethylaminoethanol, 1-methyl-

piperazine, 3.5-dimethylmorpholine, 1-piperazinoethanol, 5-ethyl-2-pipeco~
line, N,N-dimethyl-1,3-propanediamine, 4-(3-aminopropyl)morpholine, and

N-Moxo- AND N, N-DI1ALKYL-N ~1-X APHTHYLALKYLENEDIA MINES 643

N- [2-(2-Diethylaminoethylthio)ethyl | - 1-naphthyl-
amine was prepared by the condensation of N-(2-bro-
moethyl)-1-naphthylamine with the sodium salt of 2-

N

\'

diethylaminoethanethiol. However, attempts to pre-
pare the corresponding oxygen analog utilizing the
sodium salt of XN, ,N-diethylaminoethanol (sodium
hydride in toluene) resulted in the isolation of a low
boiling liquid which on the bagis of microanalyses and
the lack of absorption in the NH region of its infrared
spectrum was presumed to be 1-(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 alechol did not represent a special case. Indeed,
as might be expected from a consideration of the relative
ionic base strengths, RN — > RO~ > RS—, the aziridine
was formed readily by the action of sodium methoxide,
scdium hydroxide, sodium hydride, or the scdium salt
of N-ethylacetamide on N-(2-bromoethyl)-1-naphthyl-
amine,

When equimolar quantities of N-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 saltx of
the mono-(hydroxyethyl) derivative and a sample
of 2-[(1-naphthylamino)ethylamino Jethanol prepared
from 1-naphthol and N-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 material® (A

NH(CH,),N(CH,CH,OH),

VI

330, €6900; A 247, € 17,300) with those of N,N-diethyl-
N'-1-naphthylethylenediamine (A 330, ¢ 7100; A 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 Chemniical Corp., Indianapolis, Ind.; N-methyleyclohexyl-
amine from E. I. du Pont de Nemours and Co., Wilmington, Del.; 2,2-
dimethyldiallylamine from Shell Chemical Corps., Emeryville, Calif.; N,N,-
N’-triethylethylenedianiine from Ames Laboratories, So. Norwalk, Conn.,
N, N1, N3 N3-tetrametliyl-1,2,3-propanetriamine from Commercial Solvents
Corp., New York, N. Y.; 3-piperidinol, 4-piperidinol, eyclopentylamine,
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., 26, 2837 (1961).

(34) E. F. Elslager and F. H. Tendick, J. Med. Pharm. Chem., &, 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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e 17,900), N, N-dicthyl-N’-methyl-N‘-1-naphthylethyl-
encdiamine (A 302, € 4800; A 238, € 11,600), and 1-{3-
tuethyl-1-naphthvlamino)propylipiperidine (A 303, e
13005 XN 237, ¢ 10,800) clearly ndicated that tructure
VE was correet. The higher wave length absorption
and higher e vales ol the secondary aramatic amnies
were eonststent within the entire =eries examined
and provided n uxeiul teol for the structure elucidation
af =everal of the compennds. The ultraviolet spectia
aso revenled o striking difference in basieity between
lu- secondary  and  tertinry  arcntic amines.  Tn

N hydroehlorie acid the =eecndary mmines exhibited
0 l>u11(1 at about 320 mge, while the tertiary amines ab-
=crbed at 280 mu.  The use of stronger acid shifted
the peak of the =ceanduary wmine to 280w, indieatine
that the aromatic nitrogen was now protested.

N-Beuzyvl- N -methyvl-N7- T-nuphthylethyvlenedinmine
wis - prepared by oredactive  methylation of N
hetzy-N--naphthylethylenediamine  with - forulin
in the presenee of phuinum exide,  The sssignment of
stractire was based  an the ultravielet speetramn®
N2, € 69000 N 248, ¢ 17,300) whirh ndicated the
preseiiee of avo=econdary maphthylonie.  Similarly,
atkylatien of N-henzyl-N--naphthytethyvlencediamine
with s-bromophenctole guve N-benzyvl-N-(2-phenoxy-
othyl)-N7-1- 11‘Lp11t11}'1(‘%11‘\'11'11(-(1i‘.11ni11(‘- 330, e 6900:
A 248, e 17,6001,

4\1111011;11 the N-mono- und NON-diatky - N7 napli-
thylatkylenediunines (11 were synthesized prizarily
for use as termediates, many ol thew: were tested
against o variety af parasites, bacteria, and fengid
Compounds 40018, 40, 44, 45, 50051, and 31 were sanebi-
cidal 7w rileo when neubated Tor 48 b with the UC
er 2000 1 stradn of Iddamocha Ristadylhiee it drag con-
centrutions ranging fran 30 ta SO g ml3ss By
Compari=on, paromomyein is active in the range ol 2
ta 10 weoml ™ Aeainst Trichonvwmas caginalis in
riico M comuporinds 5, 21, 28, 20, 130, 42, 37, 40, 43, and
a4 killed more than 907 ol the parasites at drag con-
centrations of 6,23 25 ge. mb*  Lleven compounds
fnac 17, 28, 240 28020, 11, s, M, 45, 5T and 82) were
lethed to W ycotacterione (nbeeculasis (HATRYY du rilen
i r“-m-(-ntl‘zltiuns of 021 to 20 pg. ml,* while five (o,
Cod 09, 60, und 84) exhibited aetivity agninst Cowdida
u//)ltrlr}u\ Cryplocaceus eoformans,  Histuplasoue cop-
Naeaed i asteviaides, Teichaphyglor Dilerdigi-
leste, s Blastowrgees deemaddlidds Vaoeflea 2t concentri-
tions smrving from 6.25 to 200 we. ml*  None of the
compouiuds  exhibited  promising activity i experi-
yuental animals,

salalion,

Experimental*

Preparation of N-Mono- and N,N-Dialkyl-N!-1-naphthylalkyl-
enediamines (II) (Tables I and II). Method I.—A suspension of
1896 g, (1.0 mole) of 1-03-hilorapropyl)piperidine hydrochloride, !
113 ¢ (1.0 mole) of lagplithylamine, and 276 g. (2.0 mole) of

2161 For g deseription s testnetlods, see 0 E.
1", erbst, 13, Olszewski, awl J. ).
GIS (1UAM .

371 P Thompson, AL
Parke, Davis and Co.

38y MWL Fisheranl AL
wol G,

9y AL L Hdlegas, unpubbsbed resals, Parke, Davis and Co.

<107 Melting points and boiling points are uncorrecte:l. 7. 8, Bureau of
Searnlords therimometers were used.  Melting points were taken on a Thomas
LGover capillary melting point apparatus,

Thowapson, A. Bayles, X,
Aleisenbelder, Awtibiot. Chemotherapy, 9,

Diarles, avl V. MeClay, unpublished results,

L. Erlowadson, vrqablishied resulus, Parke, Davis
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anhydrons potassiiin eorivente i 1 Lol tolneme was stiveed ad
lieated under veflux for 17 e A solution of 30 g o7 sodiun:
Livelroxide in 1L of water was wdded o the eonled mixawe. Alter
stirring Tor 2 hr.. foe oliene Lover was separated qaul washed wieh
water, The salid which fornied was eollected, dissolved in ehilor-
o, sid the ehisaotonn solation dried over anhydrous sediaos
salfate. The shlorefores was eemoved fuorore wnd the residar
distilled through w 23-vmue Vigreax cohnnmn, Afer aeovers of
25w ol T-naplthvhauine (b 1031087 004 oy, 164 w0 od
I-pi= L-napbthvlam i cpropy L paperidine wee shitotned. Lo
165% (0.2 nnn The vield wos 7570 hased o veesvers |
naphchylmine.

In ntosC coses wa soinl formed saud (e
seranCed, dried, sl distilled o give the ]yl'mlmm

Method Fl,--I"is i« snslu-nsinn ol 36 2. of 50t
lispersinn i oil (075 moles?t 1
2w (0,00 mole:

(ol 1;[\!'1‘ WS =et] -

sl hyvedride
i 200wl of avletes wis added o
srdittion of 77 ol t-urplithvlamine o 300 v, of
xyvlene raud the mixtnre was beaced nnder retlux Tor 10 Bes St
ring hecgue ditlienlt a this point heviaase of the separation of the
socitin sidt as o thivh green twes, 3-Chluro-NON2-crimsethiv]
propoloarine Livdeosddoride® (100 =, 055 moled was suspendes] te
LS U TTHTS BRTIE nl.ufi--l ammoniaas hvdroxide,  Tle resilinng

; itiver 10Dl portions o sy lene sned e
conbianed Nt wers dited ver g lroas sl sulfon
The avleme Lowies Ghen adebal
of tnaplithyvloaine wd the mixture was lesded il veibn
Lo 20 L i wewdid vereetion nuNtare wies
200 mil ol woGer rgaie Lver wos separate s wished wisls
twec 200l portions of water, wnd deicd over sohydrs
sitmy earhomte, X vemeval of the solvent, the residee

tilled threagl s 23-cus Vigeenx eolumn (o give 112 00 0030,
SNCONtrierhv N Taapbithy - propo nedisauine, b 107
PEST LS ot

Method HI, A solution o 143 ¢ 1.0 mde o $-raqlidin]
aotne, 140« 1LOS melests o B-dimethylamina-2,2-dimethivlpe-
preteddelyde  and T of g-tolarnesulionie netd 500 il henzene
wis hiealid ander velbax for 1 bro while the thearetienl snesant of
water was vollected o trap. The benzene was removed fo racwo
and tine vestdne was tokea e i 300 wl o wetlianol wnd bydro-
genated e S ol 2000 DO onnder aan iniCia L bydrogen pressnee
RIS ke Yiver the thecretiens quundity ol hvdrogen
bedl the onxtiree wees llcered wand the se l\i-nt re-
wiveed o covace The eestdar was treaten] with 230 ol 107
sodiam locdeside nnd (he mixture wies extrpeted \\111; <,1u1.
The etbier extrsets werealried cversamedrous patiessimu carbon-
wtes the ether wies removed ond The restdae distilled chirougly o 20-
s Vigrens volaon so give INS g (720 Crof NN 2 2etromer]iel-
N Tuapnthyl L3 proponedinnine, b 141113770070 nnn.
jroduet soltdilied card wos isolared
divecily Troar the reweGon mixtare, This with oooalanethyvl-
piperidivopropicteddebyvite ¢ solld peecipitated i the hvdeogene
tion bottle, The moss wie digsolved i 90 mil. of coneentratad
Lydrovblorie acel ond Iitrered te remove the eatalyvst. The sal-
vert was renover o oo sad ehe residie conled and veele Diet
with oqueoas sodien hyedmside,  The rvesaltant otl goliditied
o shore standing saul wees evvstallized Trom aqueous ethamnl oo
wive =122 divwethy 3= aephithyisoinespropy R piperidine. s
TI-T67 A SaY) vield,

Method IV. - A mivture of 86 2. 10.G0 male: of 1- 11:11)1111u.1. (
g. 061 mnler of NoN-dimethyl-1.3-propanediamine,® and 104
(0,60 tle of sadium 11\(11”511“\1(‘ (N300 1 GOO il of wy lt or
wis hogeeed Tinse bondy for 12 Lee g 1 !() . Phe conled wixtare
wirs renemved freny the homb withe ehlorolorn wnd the solvent wge
distilled Joo veeno. The resilue was e strongly hosie with
aqueons siddinn: fnvalvoxide wnd extracted with ethers The ey
fracts were dvied over walocdrous gsodinng salfate and discilled
throngh o 23-cm, Vigrenx colnmun to give 86 g of N, N-dimethy -
N -l-nopachyvi-1s-propanedinmine. hopo TG-1517 €08 now. i
The stqaeots laver viehled 17 g of T-naphthal upon acidiliendon,
The vield was 7 based o recovered T-uaphthol.

Method V.-~ wixtire ol 252 g (0.2 mole’ of 1-naphthol, 464
g (0.4 maole: of Ne-isopropyl-1, ilnulym((lllmme and 31.2 ¢
(0.3 mlevof sodiunt hisulfite in 230 ml of water was heated iea
Dol st 130° Tor S Lo The misture wees nude strongly hasi:
with wqoaenas potassion hivdroxide and extraeteill with ether,
The ether solution wiess puoeessed aceording to methad IV alvye
to give 31 g 1654 of N-isopropvEN-lT-naphthyvl-1.3-propaise-
disantine, hop 1501557 (0.27 . 2
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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-propanediamine.?2
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 329,
of N.N-dimethyl-N’-1-naphthyl-1,3-propanediamine, identical
with the material described under method IV above.

Method VII.—A suspension of 166 g. (0.5 mole) of N-(2-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 L. of 109 aqueous sodium hydroxide and stirred
for2hr. The aqueouslayer 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 253-cin. Vigreux column
gave 64 g. (339%) of 1.1-diethyl-7-(1-naphthyl)diethylenetri-
amine, b.p. 155-156° (0.2 mm.).

Method VIITA,—N-(2-Bromoethyl)-1-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 L.). 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 109 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 109, 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-ethyl-1-[2-(1-naphthylamino)ethyl]-2-pipecoline, b.p. 158-159°
(0.05 mm.).

VIIIB.—Xylene solutions of 200 g. (1.1 moles) of 4-[2-(1-
pyrrolidinyl)ethyl]piperidine and N-(2-bromoethyl)-1-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 109 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 L. 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 1-[2-(1-naphthylamino)-
ethyl]-4-[2-(1-pyrrolidinyl)ethylIpiperidine 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 N-(2-bromoethyl)-1-naphthylamine base in 1.5 L.
of xylene was heated under reflux for 20 hr. The solid which
separated upon cooling was collected and suspended in 500 ml. of
309% aqueous sodium hydroxide. The solid was collected, erys-
tallized from dimethylformamide, washed with acetone, and
dried in wvacuo. The N-eyelooctyl-N’-1-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 L. 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 959 ethanol was added a cold solution
of 90 g. (2.03 moles) of ethylene oxide in 200 ml. of 959, 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
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heated on the steam bath for 2.5 hr. The alcohol was removed
and the residue distilled in wvacuo through a 20-cin. 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., 329,) and induced to solidify by trituration with
anhydrous ether. Microanalyses and ultraviolet absorption
data indicated that the compound was 2-[(1-naphthylamino)-
ethylamino Jethanol. Its picrate salt was identical with the
picrate of an authentic sample prepared from 1-naphthol and
N-2-aminoethylaminoethanol »ia 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 I with ether. Treatment with anhydrous
hydrogen chloride gave 143 g. of solid, m.p. = 145°, Two re-
crystallizations from 959 ethanol gave 96 g. (459;) of 2,2'-{[2-
(1-naphthylamino)ethyllimino}diethanol ~ monohydrochloride,
m.p. 155- 157°.

Method X.—A suspension of 33.9 g. (0.20 inole) of 2-diethyl-
aminoethanethiol hydrochloride!? 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 N-(2-bromoethyl)-1-
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 N-[2-(2-diethylaminoethyl-
thio)ethyl J-1-naphthylamine, b.p. 164° (0.1 mm.).

Method XI.—N-Benzyl-N’-1-naphthylethylenediamine hy-
drochloride (38) (11.0 g., 0.035 mole) was suspended in 150 ml. of
water and 10 ml. of 6 NV 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 369, formalin, 0.5 g. of platinum oxide catalyst, and an
initial hydrogen pressure of 3.5 kg./ecm.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 N-benzyl-N-methyl-N’-1-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 N-benzyl-N"-1-
naphthylethylenediamine hydrochloride (38), 40.2 g. (0.2 mole)
of B-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 ¢n 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-N-2-phenoxyethyl-N’-
1-naphthylethylenediamine, m.p. 95-97°.

2-(1-Naphthylamino)ethanol.—A solution of 1.1 kg. (25 moles)
of ethylene oxide in 10 L. of 959, 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 959, ethanol at 40°.
The reaction was not exothermic. After the addition was comn-
plete, the reaction mixture was allowed to stand overnight at
room teinperature 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-(1-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. Caled. for CH,NO-HCL: C, 6+4.42: H, 6.31: N,
6.26. Found: C,64.59: H, 6.49: N, 6.35.

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

(42) Purchased from Evans Chenletics, Waterloo, N. Y.
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. af reagent hydrobramic aeid (484%() was bailed with stirring
far 24 hr. in a flusk equipped with a condenser fitted far distilla-
tion.  The temperuture wus adjusted sa thut approximately 500
nil. of the hydrabramie neid-wuter distillate was collerted during
this period. Upon coaling, the hydrabromide salt precipitated
and was collected and stirred with 3 1L of boiling 2-propanaol.
The off-white crystals were collected Liv filtration, washed with
fresh 2-propnnol, and dried in racvo at 50° for 45 hr.  'The desired
N-(2-bromaethyl)-1-naphthylunine hydrabroniide weighed 1.58
kg, (8097 ), m.p. 208-211° with prior saftening at 200°.

Aanl, Cualed. for CoHWBrN-HBr: C, £3.53:; H, 3.06: N,
L2230 Br, 48250 Fannd: G, 43.73:0 H, 4.22: N, 4.42; Br,
ARG,

N-(3-Bromopropyl)-1-naphthylamine Hydrobromide,—A solu-
tion of 201 g. (1.0 mole) of 3-(l-naphthylamino)-1-propanocls
in 1.5 kg, of 48 reagent hvdrobramic acid was heated under
reflux for 22 hr. A greenish brawn oil separated.  The mixture
was cooled in ice and the supernatant lignid decanted. The
regidite was tuken up in 500 ml. of warm methanal and eaaled
ta give 180 g, of the hydrobramide salt, nup. 140-151° A
second erop weighing 55 g., nmup. 142-146°, was obtuined by con-
centration of the filteite.  The tatal erude yield was 7190, For
nnalysis, w sample was recrystallized twice from methanol giving
uff-white erystals, m.p. 152-154°.

Jdred. Caled. for CoHGBeN-HBr: €, 45.24; H, 435 Br,
4632, Ifaund: C, 45.09; H, 4.64; Br, 45.30.

6-(2-Diethylaminoethoxy-1-naphthylamine.~-A mixtnre of
100 g. (0.5 male) of N-(6-hydraxy-1-naphthylacetamide, 54 p.
(1.1} mole) of sadium methaxide, nnd 86 g. (0.5 male) of 2-chloro-
tricthylainine hydrachloride in 300 wl. of ethanal was heated
under reflux for 22 hr.  'The mixture was enaled, 130 ml. of con-
centrated hydrochlorie weid was added, and the mixture was
hiented under reflux for an additional 17 hr.  The salvent was
remaved from the reaction mixture, and the residue was treated
with aqueous sadium hydroxide and extrueted with ether.  The
cther extracts were dried and distilled to give 49 g, (3870) of (-1 2-
diethyluninoethaxy )-1-naphthylamine, b.p. 160° (0.15 nim. ).

Anal. Caled. far CgHaNo0: C, 74380 H, 8.5%: N, 10.85.
Found: C, 74.40; H, X.55; N, 10.65.

The hvdrochlaride salt prepared in ethanol with 2-propanol
saturated with hydrogen chlaride gave off-white needles, n.p.
24N-253° from ethanol-ether.

Anal. Culed. for CiHypoN.O2HCE: €, 58.01; H, 7.30; N,
A4t ClL 21400 Found: C, 58105 H, 7,105 N, 8.53; CL, 21.26.

1-Diethylaminomethyl-3-cyclohexene-1-carboxaldehyde.-- A
mixture of 226 g. (2.05 males) of 3-cyelohexene-1-carbaxuldehyvde,
ISH g (1,69 males) of diethylunine hydroehloride, and 78 g.
(2.6 males) of parafarminldehyde in 125 g. of ethanal was heunted
on the steam Lath for 2 hre An additional 78 g, of puraforal-

Val, 6

dehyde wus wdded und heating wuas continued for 6 he. The
mixture was poured inta 2 1. af water and extraeted with ether, and
the ether extracts were disearded. I'he aqneons liyver wus winde
Linsie with sodiam hyvdroxide and che oil whicl separided was
extructed with ether. The extracts were dried over snhydrons
sodinm sulfite, the othier was removed, and the residne distilled to
give 200 g 1617, »f l-diethylauninonethvl-3-evelohexene-1-
carboxaldehyvde, Tup. 39-61° (00102 o s%n 1IN

dual, Culed. Tor CoHL NG ) 737400 FL 100 NI
Fouad: €, 7307 H, 1001 N, 7.24.

1-(1-Naphthyliaziridine, -~ T1 a stirred solution of 27.8 g (0.GY
molet of sodimm hvdroxide i SO wlo of water and 300 ml s
ethanol was wadded ngohition at 100 g (0.30 mole) of N-(2-hrowo-
ethyD-T-naphthylamine hydraheandde in 1 Lol etlumol. The
mixture was heated nnder retlux Tor 4 hre. sand allowed te stand
roonn temperatinee overnight.  The mixtire was filtered o remove
i small amonnt of solid, and the solvent was removed {rown the
filtrate (0 saewo. The residuoe was pared futo water and ex-
traeted with ether. The extruets were dried over anlivdrots
sodimu gulfate, the solvent wis removed, and the residie distilled
to give 38 g (7501 of 1=+ l-naphthyhazividine, hop. STN3© 702
mn:, «®n 16462

Lo, Caled, Tor Crol N O
Fornd: 51000 H, 6.65; N, 845

A salution of the aziridiue hase in ethanol was treated with
2-propattol gatieared with hydrogen ehloride,  The N-(2-clloro-
ethivl)- l-naphthyvlamine hydrachloride abitnined was ervstullized
Irant ethanol-ether to give off-white erystals, wep. 1811832 dee,

dunl, Caled. Tor CoHRCIN-UCL: €, 53952, Ho a4l N
57900 CL 20280 Found: ¢, a0.63:0 H, 5570 NV AN3: CL2ROT
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Synthetic Schistosomicides.

IV. 5-[4-(2-Diethylamino-

ethylamino)-1-naphthylazojuracil and Related
[4-(Aminoalkylamino)-1-naphthylazo]heterocyvcelic Compounds'

Evwarp I, Euspacrr, Davip B, Cares, Diaxye 110 Koerrz,
Lustie M., WerseL, axb Doxawp I Wanrn

Hesearch Labveatortes, Packe, Davis vad Cowrpaag, Do Lrboe, Michigpun

Fecoteed Muarek 1.2, 1443

A variety of {4-(aminaalkylaminag)-1-naphthylvzo [heterocyelic compaands have been synthesized by 1)
coupling a diazatized heteroeyelie amine with the approprinte 1-(aminoalkyDnaphthylvmine; (2) allowing @ N-
(w-haloalkyl)-4-(heteroeyelicazo)-1-naphthylamine to react with the appraprinte umine; 13) alkaline hydralysis
af the corresponding N-(aminoalkyl)-2,2 2-trifluora-N-{4-(heteracyelicazo)-1-naphthylfacetamides.  Many of the
}4-(aminoulkylamino)-1-naphthylazalheteracyclic compounds are highly active ngainst experimental Sehisto-

soma manson? infections.

In previous communications from these Labora-
tories,' =% it was reported that 5-(4-amino-i-naphthyl-

i1t Preseuted belore the Division of Medieinal Chrmistry, 1Hth Nodional
Mueting + the Avwriran Cherdical Soeicty. Los Angeles, Calif., Apri( 1,
1963, Abstracts of papers, p. 19L.

iy L1 Blslager, DB, Capps, Lo AL Werbel, D) I Worth, do L Nescetce
telder, 110 Najaviau, wwl V.o B Thompson, J. Med, Choor., 6, 217 (14633

azo)uracil (1) and various [4-(aminoalkylamino)-1-
naphthylazo [heterocyvelic compounds (I exhibit
strong therapeutic activity against Schistosoma sansanl
infections in experimental animals.  This paper de-

Sy Elstawer amd DL, Woath, ohnda 6, ThE £ 10HGH;



