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L. of reagent hydrobromic acid (484) 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 50
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
lresh 2-propanol, and dried r eaewo 2t 50° for 48 hr.  The desired
N-(2-bromoethyl)-1-naphthylamine hyvdrobromide weighed 1.58
kg, (ROCO), mup. 208-211° with prior soltening at 200°.

el Caled, Tor CuHpBeN-HBr: €. 43.533: M, 3.96: N,
4230 Br, 48250 Found: C, 43.73: H, 4.22: N, 1.42; Br
AR.6Y,

N-(3-Bromopropyl)-1-naphthylamine Hydrobromide.—A sohi-
tion of 201 g. (1.0 mole) of 3-(1-naphthylamnine)-1-propancls
in 1.5 kg. of 489 reagent hyvdrobromic acid was heated under
refux for 22 hr. A greenish brown oil separated.  The mixture
was cooled in ice and the superm:tant lignid decanted.  The
residiue was taken up in 500 ml. of warm methanol and cooled
to give 189 g of the hydrobromide salt, nup. 140-151° A
second crop weighing 55 g., mp. 142-146°, was obtained by con-
centration of the filtrate.  The total ermde vield was 714, For
analysis, a sample was recrystallized twice lrom methanol giving
olf-white erystals, p. 152-154°.

Inal, Caled. for Co,HBrN-HBr: C, 45.24; H, 4.3X; Br,
16,32, Found: C, 45.09; H, 4.64; Br, 45.30.

6-(2-Diethylaminoethoxyi-1-naphthylamine.—~A mixture of
100 g. (0.5 mole) of N-(6-hydroxy-1-naphthyl)acetamide, 54 g.
(1.0 mole) of sodium methoxide, and 86 g. (0.5 mole) of 2-chloro-
triethylamine hydrochloride in 300 ml. of ethanol was heated
under reflux for 22 hr. The mixtitre was cooled, 130 ml. of con-
centrated hydrochiorie acld was added, and the mixture was
heated under reflix for an additional 17 hr.  The solvent was
removed from the reaction mixtire, and the residire was treated
with aqueons sodinm hydroxide and extracted with ether.  "The
cther extracts were dried and distilled to give 49 g, (38C0) of 6-(2-
diethylaminoethoxy)-1-naphthylamine, b.p. 160° (0.15 mn.).

cAnal. Caled. for CigHoaNo): €, 74380 H, 858 N, 10.85.
Found: C, 74.40; H, 8.55: N, 10.68.

The hydrochloride salt prepared in cthanol with 2-propanol
saturated with hydrogen ehloride gave olf-white needles, m.p.
248-253° from ethanol-ether.

Anal. Caled. for CyHouNA)2HCE: € 55.001; H, 7.30; N,
SoA6: G 21400 Found: C, 58.10; H, 7.10; N, 8.33: Ci, 21.26.

1-Diethylaminomethyi-3-cyclohexene-1-carboxaldehyde.-— A
mixture of 226 g. (2.05 moles) of 3-cyclohexene-[-carboxaldehyde,
IN5 g (1.69 mioles) of diethylamine hydrochloride, and 78 g.
(2.6 moles) of paraformaldehivde in 125 g. of ethanol was heated
on the steamn bath for 2 hre An additional 78 g, of paraformal-

Val. 6

dehyde was added wnd heating was contimied Tor 6 hee The
mixtire was poured into 2 L of water and extracted with ether, and
the cther extracts were disearded.  The aqueons laver was made
haste with sodiim hydroxide and the oil which separated was
extracted with ether.  The extracts were dried over anhydrons
sodinm sullate, the ether was removed, and the restdue distitled to
give 200 g (61O o I-diethyhuninomethyi-3-cvelohexenc-I-
carboxaldehvde,  bopo 39-61° 100102 mmoi o LTTND
Inad. Caled. yor CoHaNO: 73,790 H, 1084 N 7T
Fonnd: ¢, 73.57; H_10.01: N, 7.20
|-(1-Naphthybaziridine.~To a stirred sohition of 27.8 g i0.69
molel of sodium hvdroxide i SO mlo of water and 300 ml of
ethanol was added asolntion of 100 g, €0.30 mole) of N-(2-browo-
cthyb- L-naphthviamine hydrobromide in | L ool etitaol. Phe
mixtire was heated under reflux for 4 hr, and allowed to stand at
room tenrperatire overnight.  The mixtire was filtered to remove
a small ot of solid, and the solvent was remnoved from the
filtrate » raecno. The residue was ponred into water and ex-
tracted with ether. The extracts were dried over anhvdrons
sodiinn sulfate, the solvent was removed, and the residue distilled
to give 38 g (75,1 of 1= l-naphthyhaziridine, bop. S1S3° 0.2
mne §, n¥n L6162
el Caled. for (‘13“‘)!\'1 L
Found: C, 80000 H 6,550 N NAS.
A sohttion of the aziridine hase in cthanol was treated with
2propanol saturated with hydrogen ehloride.  The N-(2-chloro-
cthyl)-l-naphthyviimine hydrochloride obtained was erystallized
lrom ethanol-ether to give oft-white crystals, m.p. IS1-IS3° dee,
nal. Caled. for ChHpGIN-HCE: € 59.5 H., 5.1 N.
5,790 ClL20280 Foned: C,50.63: H, 550 NLas3: CL2sOy

SOAT; ML 6550 NLoNIN
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Synthetic Schistosomicides.

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

ethylamino)-1l-naphthylazojuracil and Related
[4-(Aminoalkylamino)-1-naphthylazolheterocyclic Compounds'

Evwakrp I°. Enstacrsyr, Davip B Caves, Diaxye [ Koerrz,
Lusuie M. WersrL, axp Doxan I Wanrn

Rescarch Laboratories, Fwke, Duecs wud Conepaony, nn Ivbiorv, M ckiagan

Recedved Mareh 1.2, 10463

A wvariety of [4-(aminoalkylamine)-1-naphthylazo fheterocyelie compounds have been synthesized by (1)
coupling a diazotized heterocyclic amine with the approprinte 1-(aminoatkybnaphthylvmine: (2) allowing & N-
(w-haloalkyl)-4-(heterocyclicazo)-1-naphthylaniine to react with the approprinte amine; (3) alkaline hydrolysis
of the corresponding N-(amninoalkyl)-2,2,2-trifluoro-N-{4-(heterocyclicazo)-1-naphtliytjaeetnnides.  Many of the
[4-(aminoalkylamino)-I-naphthylazolheterveyclic compounds are highly active ngainst experimental Schisto-

soma manson? infections.

i previous communications from these Labora-
tories,' =% it was reparted that 5-(4-amino-1-naphthyl-

11 Peeseated betore the Division of Medicinol Chemistry, THthe Nosionol
Meeting o the Ancecican Chewddieal Society. Los Angedes, Colif., Apeil T,
1963, Absteacts of papers, p. 150,

(21 L F Blstagee, DU B, Capps, Lo AL Weebel, DL EFD Worth, JL 1L Meisen-
beldee, 1 Nojarian, wnd P EL Thoropsoo, J. Med, Chope, 6. 217 (1063

azo)uracit (1) and various [4-(aminoalkylanino)-1-
naphithylaso Jheterocyeliec  compounds (111 exhibit
strong therapeutic activity against Schistosoma mansoni
infections in experimental animals.  This paper de-

O3 b VL Blslower aned DUFD Woeth, rhedl 6, TEE 163
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OO

HO

scribes the synthesis of selected members of the latter
class of compounds in detail.

A majority of the [4-(aminoalkylamino)-1-naphthyl-
azo Jheterocyclic compounds (III, where R, R,, and
R, represent a hydrogen atom or an alkyl group, Y an
alkylene radical, X a hydrogen or halogen atom or
alkoxy group, and Het a heterocyelic radical) were pre-
pared by coupling a diazotized heterocyclic amine with

R R
N AN
N—Y—NRR, N—Y—NR,R;
)
e T
X X N=N—Het
1T III

the appropriate 1-(aminoalkyl)naphthylaminet (II)
(methods I-III). These azo compounds are sum-
marized in Tables I-IV. In addition, the coupling of
diazotized 2-aminopyridine 1l-oxide with N,N,2-tri-
methyl-N’~-1-naphthyl-1,3-propanediamine* and diazo-
tized 5-aminouracil with 2-(2-diethylaminoethylamino)-
naphthalene afforded 2- {4-[(3-dimethylamino-2-methyl-
propyl)amino ]-1-naphthylazo pyridine 1-oxide (IV) and
5-[2-(2-diethylaminoethylamino)-1-naphthylazo ] -uracil
(V), respectively. Diazotized 3-aminoquinoline was
coupled with N N-diethyl-2-(1-naphthylaminojacet-
amide to give N,N-diethyl-2-[4-(3-quinolylazo)-1-naph-
thylamino Jacetamide (VI).
NHCH,CH CH,;CH,N(CH;),

NH(CHz)zN(Csz)a

N—N

NHCH,CON(C,H, ),

SN
VI

Several alternate routes for the preparation of the
heterocyclic azo compounds (III) were examined,
including the condensation of a N-(w-haloalkyl)-4-
(heteroeyelicazo)-1-naphthylamine with an amine.
Thus, condensation of N-(2-bromoethyl)-4-(3-dibenzo-
furanylazo)-1-naphthylamine (VII) with excess piperi-
dine gave 1-{2-[4-(3-dibenzofuranylazo)-1-naphthyl-
amino Jethyl}piperidine (VIII) in 829, yield (Table
IV, method IV). The intermediate VII was prepared

(4) L. M. Werbel, D. B, Capps, E. F. Elstager. W. Pearlinan, F. W.
Short, E. A. Weinstein, and D, F. Worth, J. Med. Chem. 6, 637 (1963).,
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NH(CHz)zBF NH(CHz)zN >

Q= OO

VII VIII

by allowing diazotized 3-aminodibenzofuran to react
with  1-(2-bromoethyl)aminonaphthalene hydrobro-
mide? in dilute hydrobromic acid. When the coupling
reaction was carried out in hydrochloric acid, N-(2-
chloroethyl)-4-(3-dibenzofuranylazo) - 1 -naphthylamine
was obtained.

A third route employed in the synthesis of the
[4-(aminoalkylamino)-1-naphthylazo Jheterocyclic com-
pounds involved the coupling of diazotized N-(4-amino-1-
naphthyl)-N-(2-diethylaminoethyl)-2,2 2-trifluoroacet-
amide monohydrochloride (IX)® with a heterocyclic
coupling component to give the intermediate N-(2-di-
ethylaminoethyl)-2,2 2-trifluoro-N-[4-(heterocyclicazo)-
1-naphthyl)acetamides (Xa—e). Alkaline hydrolysis of
Xa—e (methods V and VI) gave 4-[4-(2-diethylamino-
ethylamino)-I-naphthylazo ]-3-methyl-1-phenyl-2-pyra-
zolin-5-one (XIa), 2,6-diamino-3-[4-(2-diethylamino-
ethylamino)-1-naphthylazo lpyridine (XIb), 5-[4-(2-di-
ethylaminoethylamino)-1-naphthylazo Jbarbituric acid
(XIe), 1-(2-diethylaminoethyl)-6-[4-(2-diethylamino-
ethylamino) -1-naphthylazo]-1,2,3,4 -tetrahydroquino-
line (XId), and 5-[4-(2-diethylaminoethylamino)-1i-
naphthylazo ]-8-quinolinol (XIe), respectively (Tables
I-1V).

CF;CON(CH3)2N (C:Hs). CF3;CON (CH2):N(C:Hs)

S

Nzcl N=N—Het
OI;I-/
NH (CHz):N(C2Hs),
N=N—Het
XI
where Het represents
OH
(a) : : /CHs (b)n (c)
I\]I H:N NH; HO NJ\
CsHs
N N
| OH
(CH3)2N(C2Hs),

An insoluble 3-[4-(2-diethylaminoethylamino)-1-
naphthylazo Jpyridine salt with one-half formula weight

(3) E.F. Elslager. D. B. Capps, D. H. Kurtz, F. W, Short, L. M. Werbel,
and D. F. Worth, manuseript in preparation.



Tapre I
3-[4-{ AMINOALKEYLAMINO )- =N APITIYLAZO] PYRIDINES"

R—N—Y—NR,R,

4
N= 3 Xy
2| “
1
Yield Pueili-
Cowpel, parified, Peo- cation®
00, —NR--Y - -NRR el A M.p..® L v eediee solveut Foromla
| NH(CH,),NH(CH, )0 6-Cl 165-16% S I A Cyy 1 OCINGO
2 NHCH{(CH.): LNCH, H 171172 61 1 A CaHaN;
3 NH(CH,),N(C.H,), H 139-1-41 85 1l I CyHasNa-3HCE-3.2511L,07
4 NH(CH,;),N(C:H5); 2.6-NH, 234 dec. 28° V I CuHyN:- HCEH-9.33H, 0
B NHCH,CHOHCH,N(C.H;). H 154-15¢ 16 11 D CpllaNLO-31CEH0.51H,0
6 NII(CH,);N(CH.,): 8! 130-132 G-+ T A CuHnN,
7 NH(CHz)z@ H 166 dec. 15 H C Cyrtl N5 BHCL- 2,25 Hyt )
CH;N
8§ NH(CH,):N(C:H): 6-0(CHa);CHy  92-04 69 I B CyHipN50-0.5H0
0 NCH,(CH,)eN(CoH,)) 6-O(CHL,CIL, 9005 48 1 A CogTTeN:0 - 2HCL - Hal )"
Il NH(CH,,N S 6-OCH; 14206 dee. 20 I A Carl N0 - HOL 0 AH,0O"

~—Cuehoo, 2y

Caled.

617D
3.0l

45.014
5906
53.28
73.96

52.78
70.06
50 .42

66.55

.

Fowal

Gl .

65

SNl
VN1
02
.92

h

H3. 1Y)

14
31

38

Hydrogea, 4

Caled.
S5
6.7l
G.75
.87
6.30

7.20

6.64

8.00
N

.20

“The free bases range from deep oriayge (o maroon in color: the hivdrocldoride salts range from orange to black in color. » A, 2-propanol: B, ethanol:

clher: . not reervstadlized: 19 dinrethyformamide 2-propanol. Water determination by Karl Fischer method. Caled. for Cl:

S Cale for CLo 200320 Founst: 20052, 7 Caled. for €1 13490 Found: 13.95. 7 Caled. for Cl: 7.25. Founl: 7.68. ¢ Yiell over-all.

Tantw 11

4L AMINOALKYLAMINO - [ -NAPHTHY LAZO| QUINOLINES

NH—Y—NR,R,

37 b
=N | 7
2 T
N
1
Quaiag-
liae
riog Yielid Paeifi-
Coropnle attack- orcified, Pro- cation®
100, - Y - NR(R- went A A, oC Ce: cedare  solvent - ——} ol ———
I (CyH)N[(CH,).]:NH S Fl 210 dec. 30 11 A CaoHugNg - 3HCE- 251102
12 (G DN(CoHs)e 3 1 1202125 6% 1 A CpHaN,

20.63.

= ucbow, vy

Culeal.
5315

75.53

Found: 20.85.

Foud

52

5.

i

il

Foao t
550
6.59
6.79
7.0
6,66

(!, methanol=2-propanol: 11 «thanot-
< Caled. for (1 K013,

‘

1I1yvileogeo, 7

Chulel.
607
15,85

Foaad
5.97

o

~Nitrozea, G-

Caled.
18,04
20.28
13.54
23.31
14.12
18.75

13.38
16.34
13.33

14.37

—=Niteogen. U

Cute L
14,88

1e.62

Toaud

19

13

13

16

13

16
20.
.33
23.:
13.8-
IS 7

16

231

Al
3.

45

|

Foaud

14,449

n

51

~Watce, 46¢ ~

Caledd.
11.35
.43
.82
.0t
14N

= Wates

Foamt

10.33

1.98

.68

IFond: 8.30.

Catest

9%

[
Fouwl

V.24

814
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A
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13 (CH,.)N(CoH;), 6 H 186-188 22 11 B CosHyN;-25HCI-1.3H0¢ 58.63 58.57 6.32 6.34 13.68 13.66 4.69 4.74
14 (CH,),N(C.Hs), 8 H 156-158 43 1I A CsHyN;-2HCH-3.3H,0F 56.66 56.47 6.77 6.81 13.22 13.01 11.21 10.80
15 (CHy)N(C:Hs), 5  80H 158-162 249 VI A CHxN;0 72.61 72.87 6.58 6.54 16.94 17.05
16 (CH,)NC,Hy(CH,),OH 5 8OH 190-192 73 1 C CpHxnN;0.-2HCL [ 25H,0 57.20 57.62 6.05 5.80 13.34 13.52 4.29 4.56
17 (CH,),N[(CH,)],CHOH 8 H 169 dec. 35 1 b CHuN;0 73.38 73.04 6.40 6.47 16.46 16.36
18 (CH.)N(CoH), 5 8CH; 119-121 70 I C CagHizoN, 75.88 76.08 7.10 7.14 17.02 17.23
19 CH,C(CH;):CH,N(C,Hs), 8  56-OCH, 166-170 23 I A CsoHyN;0:-3HCL-1.25H,0 57.14 57.25 6.63 7.11 11.10 10.54 3.57 3.75
20 (CHy:N{(CH,),,CH(CH::N(C:H:)» 5  8CHj, 145-147 52 I B CaxH e Ng-3HCL-0.5H,0 61.82 61.76 7.23 6.91 13.11 13.33 1.40 1.10
21 (CH3):N[(CH),N(CyHs ) 3 H 133-139 29 11 B CyHN7-4.6HCH-4H0Y  50.84 51.55 7.45 7.12 12.58 12.37 9.24 9.20

@ The free bases range from red to deep maroon in color; the hydroehloride salts range from brown to deep purple in eolor. ¢ A, 2-propanol; B, methanol-2-propanol; C, ethanol; D, aceto-
nitrile. ¢ Water determination by Karl Fischer method. 4 Caled. for Cl: 17.31. Found: 17.23. ¢ Caled. for Cl: 13.38. Found: 13.38. 7 Caled. for Cl: 20.92. Found: 21.10. ¢ Yield over-all.

Tasre III
5-{4-( AMINOALKYLAMINO)-1-NAPHTHYLAZO| PYRIMIDINES®

NH—Y-—NRR,

6
N=N—"XN'
A/

Yield
puri- Purifi-

Compnd. fied, Iro- cation? ~—Carbon, %— Hydrogen, % ~—Nitrogen, %—
no. X —Y-—NR;R: Z M.p.. °C. % cedure  solvent Forniula Caled. TFound Caled. Found Caled. Tound
22 H (CH,),NH, 2,4-OH 204 34 I A CisH N2 -3.25H,O 50.19 49.94 5.92 5.24 21.95 21.65
23 H (CHL)N(CHj3), 2,4-OH 230-231 dec. 85 I B Ci1sHauNs02-1.25H,0 © 57.66 57.79 6.05 6.09 2242 22.51
24 H (CH;);N(CHj), 2,4-OH 215-216 dec. 56 I C C9Ha:NgOq 62.28 61.94 6.05 6.36 22.94 22.88
25 H CHCH;CH,N(CH,), 2,4-OH 212-213 dee. 74 I B CroH»NgQ:-0.2511,0¢ 61.52 61.56 6.11 6.30 22.66 22.80
26 7-Cl (CH,):N(CsHjs), 2,4-OH 211-212 dec. 70 I H (‘/onggcle()g-Hg(,)i 55.48 55.18 5.82 5.96 19.42 19.41
27 H (CH,);NHCH(CT,), 2,4-0OH 219-220 50 I E CxuHuNgO: 63.14 62.98 6.36 6.38 2209 2225
28 H (CH,):N(C:Hs), 2,4-OH 210-211 62 I F C0H N0 0.5H,0° 61.68 61.70 6.47 ©6.95 21.58 21.59
29 H (CH,),N(C:Hs). 2,4,6-OH  209-213 dec. 43" VI G CaH24NsO; 60.59 60.46 6.10 6.36 21.20 21.46
30 H (CH.),N[CH(CH,).]. 2,4-OH 219-221 61 I H CuHsNsO: 64.68 64.40 6.91 7.21 20.58 20.71
31 H (CHa):N(CeHs ), 2,4-OH 170 dec. 82 I E C.3HzN0. 65.37 65.19 7.16 7.37 19.80 19.82
32 H (CH, )N [{(CH;);CH;l, 2,4-OH 194-196 dec. 60 I D CaHy:N6O2 66.02 (65.85 7.39 7.07 19.25 19.04
33 H (CH,);N{CHCH(CHj;):l. 2,4-OH 227-228 dec. 78 I ¥ C2H3N6O2-0.25H,0 65.35 65.05 7.43 7.51 19.06 19.04
34 H (CHy),N[CH(CHy).]. 24-0CH, 157-158 15 I I CaaHyaNoO, 66.02 66.27 7.39 7.12 19.25 19.27
35 H (CH,);NC,H;(CH,):N(C:Hs)2 2,4-OH 164-167 dec. 22 I J CoHysN70,-25HCH-H,0/7 40 .80 49.75 6.8% 6.94 16.94 16.45
36 H CH,C(CH,);CH.N(C:Hs), 2,4-0H 202 dec. 49 1 F CapHiNeO2 67.50 67.51 7.41 7.39 18.17 18.45
37 6-O(CH;),N(GoHs),  (CHp),N(CoHy) 24-0H  203-205 59 I J  CyHuNO; 63.00 63.32 7.52 7.67 19.79 19.57

¢ The frce bases range from red to black in color. ' A, acetone-water; B, not recrystallized; C, dimethylformamide; D, dimethylformamide-water; E, dimethylacetamide—water; F, ethanol-
water; G, ethanol-dimethylformamide; H, ethanol; I, acetone; J, methanol. ¢ Water determination (Karl Fischer). Caled. for HyO: 6.00. Found: 5.98. 4 Caled. for HyO: 1.21. Found: 1.08.
¢ Caled. for F,0: 2.31. Found: 2.35. 7 Caled. for H;0: 6.22. Found: 6.22. ¢ Caled. for Cl: 15.31. Found: 15.01. * Over-all yield. ? Caled. for HyO: 4.16. Found: 4.45.

€08 ‘19qUIBAON

‘STAIDINOSOLSIHOG DILHHINAY

Al

6%9



Cowpd.
1no.

38
390
40

41
42
43
44

45
46
47
48
40

=1

L1 1 O g
ST W e —

H6
Y
55
59

60

*I'le free bases range (rom orange (o brown-black in color:

12,38,

H

H

H
H
1
H

H

H
H
H
H

H
H
6-00C 1L,
H
It
H

H
H
H
H

It

“ (‘aled. for Gz 17.20.

Y- -NRyRe
(CHy)sN(CeHs),
(CH)aN(CHp):

(CH,3):N(CHa),
(C}Iz);N(C]:I)h
(CHa:N(CHz). 1,0
(CHy )N (CHy )
(CH,)uN(CyHy):
(CH2)N(CH2CH  :CHy)z
(CH2)N(CaI5).
(CH3)eN(CHo)s
(CH,)N(CH;).

(GH3),NCHAC, 1
(CH):N(CeHs),

(CH3),N(CaHa)s

((']Ig‘i:\:(‘l’{;( C“_))_v\ l( HCCTE, );-}:
(CH,)N(CHay),
(CHy)LNGHCHCHE . CHy
(CH2):NCH (G H.),CH;
(CH2),N[(CHa)e] sN(CHy Ot
(CH2)yNH(CHy )aN(Cal ).
CH[CH N(CH;)uly

CTLC(CH):CILN(CH, )

Founnd: 17,20

“Yield over-all.

TaBLe 1V

MiISCELLANBOUS [4-( AMINOALKYLAMINO )-I-NAPHTUYLAZO| IETEROCYCLIC COMPOGNDS”

et
2-Thiazolyl
5-Benzotriazolyl
2, 1,3-Benzothiadiazol-5-
vl
1,2-Benzisothiazol-5-y1
5-Isoquinolyl
5-Benzimidazolyl
1,2,3,4-Tetrahydro-1,4-
dioxo-5-phthalazinyl
3,4-Dihydro-3-oxo-2H-
1,4-benzothiazin-6-vI
1I1-Indazol-6-vi
5-Isoquinolyl
2-Benzothiazolyl
3-Methyl-5-0x0-1-
phenyl-2-pyrazalin-4-
vl
Benzo[[fquinolin-7-vi
3-Dibenzofuranyl
4-Antipyrinyt
2H-Indazol-H-y1
3-Dibenzofuranyt
INibensothiophene-2-yi-
(5,5-dioxide)
bibenzothiophene-2-vi
4-Antipyrinyl
+-Antipyrinyl
10-Ethylphenothiazin-
3-yl (5,5-dioxide)
I-"Fhianthrenyl

NH—Y-—NR,R,

Al.p., °C.
135137
197-199
126-128

161-165
158-160)
220-223
211213

182-184
L6O-162
200-202
107 -109
164-165
220-223

120-121
181182
206208
195-197

80 dec.

Caled. for HoO: 3.12.

N==N-—Het
Yiceld
uri-
Fied, Pro-

LA vedure
35 111
63 1
3¢ 1
58 I
66 I
15 I
27 1
45 I
27 [
74 I

0 138
VI
65 I
58 II
7 11
15 T
82 v
GO L
67 I
60 I
GY 1T
49 11
93 L

the hyvdroehloride salts range from green to purple in color.
acctome: I, dimethvlacetamide—2-propanol; F, acctonitrile—water; i, ethanol-2-propanol; H, eyvelohexane; I, ncetone; * Caled. for Cl: 13,65,
7 Water (Karl Fischer).
trifhroro-N-[4-(3-methyl-5-ox0- [-phenyi-2-pyrazolin-l-yvlazo - l-naphthylfacetamide, mop. 154-155°
H. 5.58: N, 16.46.

Found: 2.96.
from neetone: .

Parib-
catinu®
solvent Foeoaily
A CoHys NS
B Oy HaaNy
C Gaal24NgS

C Caa 23 NS
; Ca2Has Ny

b CaHasNgt)

08 CagTL26NgO:

¢ CaHa N0

( ()»_)_v,H%Ns-().SSHg“
C ClasHarNg

¥ CpHaNsS

A ClalleNO

A CasHlnN;

B Cagl TN 40O - 2HCL- 0.5 0 r
G CasHyNgt).  2HCL- 1LOY
1 CusHarN;

I ClpyHasN40)

I'l (,‘vngngd ’2)\'

A\ ("21)[[30N4S

A CagHaN7 ()2

G CagHgrN70) - SHCE-0.33H )
[ CinH3eNgaS - 3HCL

1: C;;zH:MNng
v A, ctlumolb-water;

7 Caled. for 0 0.07.

—Cucbhow, Tp~

Caled,
65.72
6754
65.32
68 .80
.16
69 .54
66.95
66 4N
L4
i5.53
61 .00
70 .56

[t}
LI N

61 .8
IN.
1.30
7065

0.13

s b

7161
6¢.51
56.63
55.89

.3l

B, ethanol;
Fonnd: 13.50.

Fouud
65.55
67.50
64 .90

68.75
75.28
69.61
66.71

59
72.27
5.80
). 19
.30

1A
t1.55
5833
(R
7.62
.56

03
Ve
2657

.30

7130

Hy brogen.
Caled.

6

G

6.
5

.34
21
JO8

Tt o~
-~

<1

). 32
5 .00

.03
5. 63

L

3. 20

68

y. AN
- X
). 66

.00

.36

‘

~—=Nitrogen,

“
Fourdd  Caled.
6.20 19.16
6.33 26.26
6.00  20.78
5.70 17 .44
6.49  18.26
G.26  20.28
6.10 19.52
606 16,15
G696 20018
687 17.62
6.31 16.30
P L I R 1))
.35 1616
G40 1D Sl
6.52  14.55
.61 201
6.63  12.49
231 112s
6.31 12,01
6.7 19,04
6.57 15.91
559 12.62
6.79 10 .40

C, 2-propuanol;
4 Caled. for Cl:
Found: .87, MIntermediate N-(2-dicthyviuninoeting-2,2,2-
Caled. for (,‘:',xll-::ol‘vi:.\vn():? 5244 H, 5.3 N, 1597

1), ehiloroform -

12,28,

TFoand
18.98
26 .48
20.17

17 .50
I8 .46
20 .
19.32

16.25

20.07
1713
16.50
IS 91

16 .13
10.83
144
21,42
12,40
1147

11,96
19.29
1581
12.51

1041

Fonnd:

IFonnd: (7 62.35:

0¢9
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of 2-(4,6-disulfo- 1,3,2-benzodioxastibiol -2 - yloxy) - 1-
phenol-3,5-disulfonic acid (XII) was prepared by com-
bining aqueous solutions of 3-[4-(2-diethylaminoethyl-
amino)-1-naphthylazo Jpyridine trihydrochloride and
stibophen.

NH(CH,).N(C.H:s):
HO;S
OO HO;S SOsH
0./ ’
NZN’@ 1/2 o " HO
N HO,S
XII

Many of the interniediate heterocyclic compounds are available
commercially.® Others were synthesized by known methods: 5-
aminobenzimidazole,” 5-amino-1,2-benzisothiazole,® 7T-aminobenzo-
[flquinoline,® 5-amino-2,1,3-benzothiadiazole,'® 6-amino-2H-1,4-
benzothiazin-3(4H Jone,* 5-aniinobenzotriazole,'? 3-aminodiben-
zofuran,'31* 2-aminodibenzothiophene,!%®* 2.aminodibenzothio-
phene §,5-dioxide,'»1® 5-amino-2,4-dimethoxypyrimidine,’” 8-
amino-5,6-dimethoxyquinoline,!® 3-amino-10-ethylphenothiazine
5,5-dioxide,’%1? 5-aminoisoquinoline,?® 5-amino-8-methylquino-
line,?* 2-aminopyridine 1-oxide,?? and 1-thianthrenamine.'%2% XN-
(2-Diethylaminoethyl)-1,2,3,4-tetrahydroquinoline was prepared
by the alkylation of 1,2,3,4-tetrahydroquinoline with 2-diethyl-
aminoethyl chloride according to a modification of the procedure
described by Thyagarajan, et al.2*

The [4-(aminoalkylamino)-1-naphthylazo]heterocy-
clic compounds described in the present communica-
tion were tested in mice against a Puerto Rican strain
of Schistosoma mansoni®* by Dr. Paul E. Thompson
and co-workers of these Laboratories; when indicated,
expanded studies were carried out against S. mansont
infections in the monkey.>? Among the simple (4-
amino-1-naphthylazo)heterocyclic compounds described
previously,? significant antischistosome activity was
observed only with 5-(4-amino-1-naphthylazo)uraecil
(I). In contrast, schistosomicidal activity is wide-
spread among the [4-(aminoalkylamino)-1-naphthyl-

(6) 4-Aminoantipyrine, 2-aminobenzothiazole, 5-amino-2,3-dihydro-1,4-
phthalazinedione, 3-aminoquinocline, 8-aminoquinocline, 3-aminouracil, 2-
aminothiazole, barbituric acid. 3-methyl-l-phenyl-2-pyrazolin-5-one, 8-
quinolinol, and 1,2,3,4-tetrahydroquinoline were purchased from Distillation
Products Industries, Rochester 3. N. Y,; 5-amino-2-butoxypyridine. 5-
amino-2-methoxypyridine, 3-aminopyridine, 6-aminoquinoline, and 2,6-
diaminopyridine from the Aldrich Chemical Co., Milwaukee, Wis.; 35-
aminoindazole ard f~aminoindazole from the Gallard -Schlesinger Chemical
Co., Garden City, N. Y.; and 5-amino-2-chloropyridine from Reilly Coal
Tar Chemicals, Indianapolis, Ind.

(7) F. Zwilgmeyer, U. 8. Patent 2,336,664 (December 14, 1943).

(8) K. Fries, K. Eishold. and B, Vahlberg, Ann., 454, 264 (1927).

(9) W.J.Clem and C. 8. Hamilton, J. 4m. Chem. Soc.. 82, 2349 (1940),

(10) L. 8. Efros and R. M. Levit, J. Gen. Chem. USSR 25, 183 (1955).

(11) A. Mackie and J. Raeburn, J. Chem. Soc., 787 (1952).

(12) K. Fries, H. Giterbock, and H. Kithn, Ann., 511, 229 (1934).

(13) H. Gilman and 8. Avakian, J. Am. Chem. Soc., 68. 580 (1946).

(14) The authors are grateful to Professor Henry Gilman, lowa State
University, for kindly supplying samples of these compounds.

(15) N. M, Cullinane, C. G. Davies, and G. 1. Davies, J. Chem. Soc., 1435
(1936).

(16) H. Gilman and J. F. Nobis, J. 4m. Chem. Soc.. 87T, 1479 (1945).

(17) R. Urban and O. Schnider, Helv. Chim. Acta, 41, 1806 (1958).

(18) R, C. Elderfield, H. E. Mertel, R. T. Mitch, I. M. Wempen. and E.
Werble, J. Am. Chem. Soe., TT, 4816 (1955).

(19) H. Gilman, R. T. Ingham, J. F. Champaigne. Jr.. J. W. Diehl, and
R. 0. Ranck, J. Ocg. Chem., 19, 560 (1954).

(20) J. J. Craig and W, E. Cass, J. Am. Chem. Soc., 64, 783 (1942).

(21) W. E. Blankenstein and J. D. Capyps. thid., 76, 3211 (1954).

(22) R. Adams and S. Miyano, ibid., T6 2785 (1954).

(23) H. Gilman and C. G. Stuckwisch, ibid., 68, 1461 (1943).

(24) G. Thyagarajan, G. 8. Sidha, and 8. H. Zaheer, Indian Patent 76,681
IMarch 17, 1962); Chem. Abste., 8T, 15081g (1962).

(25) For a description of test methods, see P. E, Thompson, J. E, Meisen-
helder, and H. Najarian, 4dm. J. Trop. Med. Hyy.. 11, 31 (1962).
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azo Jheterocyclic compounds of structure III.2 Com-
pounds IV, VIII, XIe, XIe, and XIII and compounds
5, 8, 12, 14, 15, 28, 29, 38-41, 45, 52, and 54 (Tables
I-1V), which are representative of the more promising
members of the series, effected a 97-1009, reduction of
live schistosomes in mice at doses ranging from 85 to
750 mg./kg./day when administered in the diet for 14
days or by gavage for 10 days. It is noteworthy that
worms were completely eliminated from a markedly
higher percentage of the infected mice following ad-
ministration of the naphthylazo compounds than after
treatment with lucanthone hydrochloride,® % the
tris(p-aminophenyl)carbonium  salts,®% 4, 4’-(hepta-
methylenedioxy)dianiline dihydrochloride,?2® N-[5-(p-
aminophenoxy)pentyl Jphthalimide,® or 3-[4-(3-chloro-
p-tolyl)-1-piperazinylearbonyllacrylic acid*® under
comparable experimental conditions. 5-{4-(2-Diethyl-
aminoethylamino)-1-naphthylazo Juracil (XIII) was se-
lected for expanded laboratory studies and for trial

NH(CH:),N{(CzHs),

G G
ol
N=N N XHI

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

Among compounds of structure III, activity is abol-
ished or drastically reduced when R, and/or R, repre-
sent hydrogen (compounds 1, 22, 27), when the second-
ary amine at position 1 is alkylated (9), or when a car-
bonyl group is substituted for the methylene group
adjacent to the terminal aliphatic amine (VI). 5-[2-
(2-Diethylaminoethylamino)-1-naphthylazo Juracil (V)
was devoid of activity, as were representative 4-azo-1-
(dialkylaminoalkyl)aniline derivatives.?

Experimental®®

Preparation of [4-(Aminoalkylamino)-1-naphthylazojhetero-
cyclic Compounds (III) (Tables I-IV), Method I.—A solution
of 41.2 g. (0.325 mole) of 5-aminouracil®in 1 1. of 50¢, ethanol and
85 ml. (1 mole) of concentrated hydrochloric acid was cooled to
0° and the amine diazotized by the slow, portionwise addition of
22.4 g. (0.325 mole) of sodium nitrite in 200 ml. of water. The
mixture was stirred at 0° for 15 min. and then added at 0-5°
to a solition of 78.7 g. (0.325 mole) of 1-(2-diethylaminoethyl-
amino)naphthalene® in 1 1. of 959 ethanol containing sufficient
concentrated hydroehloric acid to make the solution acidic to
Congo red. The deep purple solution initially formed changed
slowly to a green suspension as the hydrochloride salt gradually
precipitated. The suspension was stirred for 1 hr. at 0°, the
pH was adjusted to 8 by the addition of sodium hydroxide solu~-
tion, and the red dye that precipitated was collected by filtration,
washed thoroughly with water, and dried. Crystallization of the

(26) W. Kikuth and R. Génnert, 4Ann. Trop. Med. Parasitol., 42, 256
(1948).

(27) E. F. Elslager, I', W, Short, D. F. Worth, J. E. Meisenhelder, H.
Najarian, and P. B. Thompson, ANature, 190, 628 (1961).

(28) C. G. Raison and 0. D. Standen, Brit. J. Pharmacol., 10, 191 (1955).

(29) R.F. Collins, M. Davis, N. D. Edge, and J. Hill, 7bid., 18, 238 (1938).

130) R. F. Collins, M. Davis. N. D. Edge. J. Hill, H. W. Reading, and
E. R. Turnbull, 7bid., 14, 467 (1959).

(31) G. Lammler, Z. Tropenmed. Parasitol., 9, 294 11958).

(32) F. Mietzsch and 1. Klarer, U. 8. Patent 2,022,821 (Decentber 3,
1935).

(33) Melting points are uncorrected. U. 8. Bureau of Standards ther-
mometers were used. Melting points were taken on a Thomas-Hoover
vapillary melting point apparatus. Many of the sawples were no longer
available to supply corrected data at the tiae this nianusecript was subnitted
for publication.
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eride  produet  from ethanol-water afforded  3-}4-(2-diethyi-
aminoethylamino)-1-naphthylazo furacil as bright red crvstals,
n.p. 210-211°,

Method II.—A solution of 6.9 g. (0.1 molet of sodinm nitrite
in 200 ml. of water was added slowly at 0° with stirring to n sohi-
tion of 9.8 g. (0.1 mole) of 3-aminopvridine® in 250 ml. of water
and 35 ml. of concentrated hydrochlorie acid.  Upon completion
of the diazotization, the diazoninm salt sohition was added at
0-3° to a solntion of 27.2 g. (0.1 molej of I-diethylamino-3-(1-
naphthylamine)-2-propanol* in 1 L of water containing 17 mlb. of
concentrated hydrochlorie acid and 300 ml of 950 ethanol. A
deep red color formed hmmediatelv.  After 3 hr., the reaction
mixture was made strongly alkaline with nqueons sodimn hy-
droxide and the organic Taver that separated was extracted with
chloroform.  The combined chloroform extracts were washed
thoroughly with water and dried over anhivdrous sodinm sulfate.
The drying agent was collected by filtrution, the chloroform was
removed in racno, and the residue was dissolved in ether and
treated with anhydrons hydrogen chloride. The purple hydro-
chloride galt that separated was collected by filtration and cryvs-
tallized from an ethanol-ether mixture.  After drving in racvo
lor 48 hr. at 40°, the sample was allowed to equilibrate in the air.
The reddish brown [-diethylaimino-3-[4-(3-pyridylazo)-1-naph-
thylamino |-2-propanol trihvdrochloride hemthvdrate thmg ob-
tained melts at 154-157°

Method I11.—A solution ol 5.0 g. (0.05 mole) of 2-aminothia-
zoled in 250 ml. of 507; sulfuric acid was cooled to —10° and
nitrosyl sutfurie acid (3.5 g. of sodium nitrite in 35 ml. of concen-
trated sulfirrie acid) was stowly added, keeping the temiperature
between — 10 und —5° The resulting light brown sohition was
stirred for 30 min., then ndded to a sohition of 12,7 g. (0.05 mole) of
I-[2-(1- naphth)fl.mmm) thyllpiperidine® in 250 ml. of 1047 sul-
Mrie acid.  The sohition became dark red.  After stirring for 2
hr. at 0° ta —10°, I L. of water was added, giving a purple salu-
tion.  Stirring was contimred for 1 hr. and the mixture was made
atkaline with aqueons sodiuin hydroxide with cooling,  The
mixture was stirred for 24 hr. and the crmde dyve was collected
by filtration and washed with copions nmounts of water to remove
inorganic salts. The produet was dissolved in ehloroform: the
chloroform sohition was washed well with water, dried over
anhydrons potassinm carbonate, and the solvent removed i
racuo.  The viscous residue was dissolved in acetone and pre-
cipitated by ponring the ncetone solution into water.  Upon
heating the suspension, a crystalline solid separated which was
collected by filtration and dried in raceo at 45°.  Crystallization
from an cthanol-water mixture gave |1-§2-J4-(2-thinzolvinzo)-1-
naphthyviaminoJethytipiperidine ns shimmering emerald green
erystals, mp. 135-137°,

Method 1V.-—A mixture of 4.4 g. (0.01 mole) of N-(2-bromo-
cthyl)-4-(3-dibenzolhiranylazo)-1-naphthylamine (VII) and 50
ml. of piperidine was heated an the steamn hath for | hr. The red
solntion was poured into 1 1L of water and the proditet which pre-
cipitated was collected by filtrntion, washed thoroughty with
water, and dried in pacue at 55° f(»r IS hr.  Crystallization from
acetone  gave the  desired  1-32-[4-(3-dibenzoliranviazo-1-
naphthylaminoJethyl! piperidine as glistening red ervstals, n.p.
1154-165°.

Method V.—To a stirred solution of 0.75 g. (0.025 mole) of
N-(4-amino-I-naphthy})-N-(2-diethylaminoethyh-2,2 2-trifluoro-
acetamide monohydrochloride® in 90 g of water and ice
containing 4.5 mb of concentrated hydrochloric acld was
added 25 ml of M sodium nitrite over a period of 3 min.  The
mixture was stirred at 0° for 3 min. and was added immediately
to a solntion of 2.5 g (0.025 molel of 2,()-(11(1111nmp\'rldnwﬂ in
5.5 ml of concentrated hydrochlorie acid and 275 g. of ice and
water.  Aflter stirring lor | hr. at 1-12° and 1 hr. at 12-18°, a
sohrtion of 8 ml. of coneentrated ammoninm hydroxide dihited to
100 ml. with water was added and the orange solid which sep-
arated was collected, washed with 200 ml. of water contuining
a few drops of concentrated mnmoninm hyvdroxide, and dried
o vacwo. The ermide N-[4-(2,6-di:unino-3-pyridvinzoe)-1-naph-
thyt -N-f "-(heth\lmmmeth\l)--,-,--trlﬁnuru wetamide 112.0 g.,
0,025 mole) was dissolved in 25t mi. of 2-propanol, filtered, and
the liltrate was treated with 25 ml (0.050 molet of 28 sodhmm
lividroxide sohition in prethanol containing 3wl of water.  Stir-
ring was continted for 25 hr., after which time excess Dry Lee
wus added and the mixture was dilnted with ice water to a vohime
of 1 L The precipitate was collected and the filtrate concen-
truted to a volume of approximately 400 ml, during which process
a precipitite nppeared. 1t was colleeted Ly filtration and com-

bined with the previous crop. The combined solids were alis-
solved in 300 ml. of 2-propanol, fltered, and the hltrate was con-
centrated to 250 ml and treated with 12 ml of a2V 2-propanol
hydrogen chloride mixtire, The preeipitate was collecled and
eTvst: lized Trone o dincethyviformmmide-2-propanol mixore 1o
H 2 G-diamine-3- 4= 2-diethylimmocthyEnuino s 1;»h1|1\ I-
pyridine wonohvdrochtoride as black ervstals, wmop. 2347

Method V1. --N-{d-Amino-l-naphthvh-N-i 2-diethynnino-
cthyvl)-2,2 2-trilnoronccetamide  monohvdrochtorider  (9.75 .
0.025 mole) was dinzotized according to the procednre deseribent
under method Voo 1o this cold dinzonimmn saht sohition was then
added 100 g. of tee, tollowed by the slow addition «f 5 warnn
sohution of 3.2 g, (0. O 5 mole) of harbiturte setd® in 4.2 mi (0.025
moled of 6.V squecas sodinm hydroxide, 200 g0 10,025 moler of
sodium Dicarbonate ond 200wl of water. The resnlting golden
oringe suspension wias stirred for | hire at 07,0 mixtare of 25 o,
10.025 mole cof W sodinm biearbonate wnd 12 ml (0.025 maeles of
6N aqueous sodimm hydroxide was added, and the mistnre was
allowed to warm slowly to roon temperature, Stirring was con-
timnted lor 48 hro wnd the brown gelatinons preeiptiate was col-
leeted by filtration. It was resuspended in water. stivred for 1N
hr., and treated with an exeess of Dry tee. The suspended solid
was colleeted, washed with water, and dried.  Crystallizalion
from an ethanol-dimetbylfornamide mixture forded the de-
stred 5-{4-2-diet hviaminoethyvhunine + L-naphthvlizo Iharbitirie
aeid as reddish black ervstalg, inp. 2002137,

~{4~3-Dimethylamino-2-methylpropyl)amino}-1-naphthyl-
azo| pyridine 1-Oxide (IV1.-To a solution of 7.33 g. (0.05 mole: of
2-aminopyridine -oxide monohydrochloride® in 300 ml. of water
containing 13 ail. 10,15 mwoles of coneentrated hydrochlorie aetd
was added ot 0° 1 solation of 3.5 g (0,05 mole) of sodhun nitrite
in 5 mib. of watee.  The wistnre was stirred at 47 for 0.5 hr.and
added ]mrtiulx\viw toa solution of 121 20 (0,05 molet of NON- (h
(tlnl Zemethv N T-nnphthyl-1,3- |)ru|)mwhnnmv‘ tn 200 ml.
95 ethanol while maintaining the temperature hetween -~.’>
and 53¢ by external ewoling,  After 0.5 hir., the reaction misture
wis dihited with water to a volume of 3 1 taade strongly atkaline
with concentrated sodiinm hydroxide, and the olly preeipitate
that separated was extraeted with several portions of ebhsroform.
The combined chlorofornt extracts were wasbed withr water, dried
over anhyvdrons potassinng earbonale, and evaporated to dryviess
o eaeno on the stenm bath, The residne was ervstallized {rom
a methanols acetonitrile mistire to give 44 g0 (23, of green-
black irrid oq( ent ervetals, np. IS5 186 dee.

dnat, Caled. Tor CoHa NGO CoBd0: L 603 N B2y
Found: € 60.71; H, B0 N2

5-12-{ 2-Diethylaminoethylamino’- | -naphthylazo)uracil (V.
S-Aainonraeil® (9. (; ;. 0.0752 nnde) was dinzotized and conpled
with X moler of  2-C2-diethyiaminoethytimine
naphthalene aecording to the procedure deseribed nnder method
. The prodnet 1 Vi was obtained as red ervstals fmm dimethyl-
fornmmide water, m. ; L227-228% viekd 150 g (53 L

LDl ("11((1 for Calla NpChe € G310 H, 6.36; N 2200
Found: O 63.26; H,6.23: N, 22.05.

N,N-Dleth)l 2-14-( 3-quinolylazo)-1-naphthylaminojacetamide
VI —3-Aminoquinoline (2,42 g, 0.0168 moler® was dinzotized
and caupled with 130 g, (0.0168 niwde) of N, N-dicthyl-2-1-
naphthyviumine pectamide according to metbod Lo The prodive:
ervstallized from ethanol as red needles, L6 @ (6705, m.p. IBY
1697,

Anal, Caled. for Coully
Found: (, 72.86; H.B.10: N 1701,

N-(2- Bromoethyl»-4-(3-dibenzofuran_vlazo)-] ~naphthylamine
(VH} ~-A suspension of 18,3 g. (0.1 mole} of 3-mminodibenzo-
furann in 1 1. of water containing 35 mil. (0.3 mole) of 8¢

agueons hydrogen bromide was eooled to 0% and to it was adde (I
slowly a solution of 6.4 z. 10,1 mole) of sodimm nitrite in 30 mb. of
water while maintaining the tompem(un- at 0-5°.  The resulting
vellow snspension was stirred at 0° for 0.5 hr. and was poured” with
vigorons stirring into a solution of 33.1 g (0.1 mole) of N-(2-
bromoethyl)-I-naphthylantine hydrobromidet in 300 mi. of water.
The thick purple snspension thus obtained was stirred Tor 2 L,
at room temperature and the solid was collected and dried o
vaeno wt 55° for 18 L. The hydrobromide salt was converted
o the hase by grinding in o martar with o mixtnre of coneentrited
sodinm hvdroside sohition and acetone, the base was extracted
with eblorofornn, s the red eldoroforn sohition was dried over

o
e

T2O7: L, obol2s N, T2

LD AL Peuk wod PO Wicdkyas 0 Clocpe Soe, 215 119500
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anhydrous potassium carbonate. The drying agent was removed
by filtration, the chloroform filtrate was evaporated to dryness
in vacuo, and the residue was crystallized from chloroform. The
material (VII) thus obtained weighed 21.0 g, (489,), m.p. 157-
158°.

Anal. Caled. for CoH1sBrN;O: C, 64.87; H, 4.08; Br, 17.99.
Found: C, 64.86; H,4.13; Br, 17.74.

N-(2-Chloroethyl)-4-(3-dibenzofuranylazo)-1-naphthylamine.
—A suspension of 18.3 g. (0.1 nmiole) of 3-aminodibenzofuran!? in
a mixture of 200 ml. of water and 25 ml. of concentrated hydro-
chloric acid was cooled to 0° and diazotized by the addition of a
sohition of 6.9 g. (0.1 mole) of sodium nitrite in 50 ml. of water
while maintaining the temperature at 0-5°. The yellow solution
thus obtained was added slowly at 5-10° to a solution of 33.1 g.
(0.1 mole) of 1-(2-bromoethyl)aminonaphthalene hydrobromidet
in 1 L of 959, ethanol containing 20 ml. of concentrated hydro-
chloric acid. The thick, purple reaction mixture was dihtted
with water to a volume of 3 L and stirred for 3 hr. at 0-15°.
The precipitate was collected, washed thoroughly with hot dilute
hydrochloric acid, and dried in vacuo at 65° for 48 hr.; yield, 41
g. The crude salt was suspended in dilute sodium hydroxide
sohition, the base was extracted with chloroform, and the chlore-
form extracts were dried over anhydrous potassium carbonate.
The dryving agent was collected, the chloroforn: was removed
in vacuo, and the residue was crystallized three times from chloro-
form. The product was obtained as orange-red needles, ni.p.
170-171°.

Anal.  Caled. for CuHisCIN;O: C, 72.09; H, 4.54; Cl, 8.87.
Found: C.71.89; H, 4.74; Cl, 8.95.

1-(2-Diethylaminoethyl)-6-{4-(2-diethylaminoethylamino)-1-
naphthylazo}-1,2,3,4-tetrahydroquinoline Dihydrochloride (X1 d).
—Utilizing method V, 11.7 g. (0.03 mole) of N-(4-amino-1-
naphthyl) - N - (2 - diethylaminoethyl) - 2,2,2 - trifluoroacetamide
monohydrochloride® was diazotized and coupled with 7.0 g.
(0.03 mole) of N-(2-diethylaminoethyt)-1,2,3,4-tetrahydroquin-
oline. Hydrolysis of the crude trifluoroacetamide gave 4.0 g.
(239 over-all) of product as maroon crystals, m.p. 195-198.5°.

Anal. Caled. for C;HyNg-2HCL: C, 64.90; H, 8.08; N
14.65; Cl, 12.36. Found: C, 64.42; H, 8.20; N, 14.33; Cl,
12.27.

N-(2-Diethylaminoethyt)-1,2,3,4-tetrahydroquinoline. —A mix-
ture of 111.0 g. (0.834 mole) of 1,2,3,4-tetrahydroquinoline,®
143.5 g. (0.834 mole) of 2-diethylaminoethyl chloride hydrochlo-
ride, 230 g. (1.67 mole) of anhydrous potassium carbonate, and
800 ml. of toluene was boiled under reflux for 17 hr. Upon cool-
ing, the reaction mixture was stirred with 109 aqueous sodium
hydroxide sohttion, the organic layer was separated, and the
aqueous layer was extracted with ether. The hydrocarbon and
ether sohitions were combined, washed with water, and dried
over anhydrous potassium carbonate. Volatile materials were
removed on a steam bath and the residue was distilled n vacuo
through a 30-cm. Vigreux column. The product was obtained
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as a pale yellow o}, b.p. 98-103° (0.2 mn1.), n®p 1.5411; yield,
56 g. (299).

Anal. Caled. for Ci:HaN2: C, 77.53; H, 10.41; N, 12.06.
Found: C,77.61; H, 10.47; N\, 12.24.

N,N-Diethyl-2-(1-naphthylamino)acetamide,—To a suspension
of 16.1 g. (0.33 mole) of 509, sodium hydride dispersion in oil in
200 ml. of toluene was added a solution of 47.8 g. (0.33 mole) of
1-naphthylamine in 200 ml. of toluene. The mixture was heated
under reflux for 2 hr., during which time a solid separated. The
mixture was cooled to room temperature and to it was added a
solution of 50 g. (0.33 mole) of N,N-diethylchloroacetamide in
200 ml. of toluene. The mixture was heated under reflux for 21
hr. and cooled. Water was added cautiously, and the organic
layer was separated and dried over sodium sulfate. Volatile
materials were remaved in vacuo on a steam bath and the residue
was distilled under high vacuum through a 15-em. Vigreux col-
umn. A majority of the distillate was low boiling and appeared
to be unreacted 1-naphthylamine. A high boiling fraction weigh-
ing 7.5 g., h.p. 188-190° (0.3 mim. ), was obtained which solidified
in the receiver. Crystallization from ethanol gave 4.3 g. (5%)
of colorless plates, m.p. 92-98°.

Anal. Caled. for CeHyoN2O: C, 74.96; H, 7.86; N, 10.93.
Found: C.75.17; H,7.79; N, 11.04.

3-/4~(2-Diethylaminoethylamino)-1-naphthylazo]pyridine Salt
with 1/2F. Wt. 2-(4,6-Disulfo-1,3,2-benzodioxastibiol-2-yloxy)-1-
phenol-3,5-disutfonic Acid (XII),—A solution of 2.57 g. (0.005
mole) of 3-[4-(2-diethylaminoethylamino)-1-naphthylazojpyri-
dine trihydrochloride-3.25 hydrate in 20 ml. of water was added
with stirring to a solution of 2.71 g. (0.003 mole) of stibophen in
30 ml. of water. A dark-colored oil separated. The supernatant
liquid was decanted and the residue was triturated with meth-
anol, whereupon the salt solidified. The salt was collected,
washed with methanol, and dried in vacuo at 60° for 18 hr.;
weight, 2.85 g. (839 ), n.p. > 200°.

Anal. Caled. for CaHaN; 0.5 CiaHgOu6SeSh: N, 1032, S,
9.45. Found: N,10.10; S,9.01.
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A novel Fl{}SS.Of N-substituted 6-aminopenicillanic acid derivatives exhibiting noteworthy inhibitory action
against antibiotic-resistant strains of Staphylococcus aureus and a high degree of inertness toward penicillinase

lias been synthesized by the reaction of 6-aminopenicillanic acid with organophosphorus chlorides.

This class

consists of phosphinylaminopenicillanic acids (I, X = O) and phosphinothioylaminopenicillanic acids (I, X =
S). In general, I with aryloxy groups attached to phosphorus are slightly more active in vitro against sensitive
and resistant staphylococei than those with alkoxy groups on phosphorus, while the latter type of compounds
are more effective in vivo in protecting mice against resistant staphylococcal infections.

An objective in the screening program of semisyn-
thetic N-substituted 6-aminopenicillanic acids is the
(1) Presented in part at the 144th National Meeting of the American

Chemical Society, Division of Medicinal Chemistry, Los Angeles, California,
April, 1963.

discovery of compounds which are effective against
antibiotic-resistant strains of Staphylococcus aureus.
The reaction of 6-aminopenicillanic acid (6-APA) with
organophosphorus chlorides affords a novel series of



