2anethoxyethanol.  After 19 Iir 1t room temperatiire, the solu-
tion was diluted to about 300 inl with water and acidified to pH
2.9 by gradual addition of 1 & HCI. After cooling, the solid
wis eollected and washed with water, to yield 1.26 g (76%%) of
XX, mp 232-236° dec. A samiple was recrystallized from ethanol
to give pale yellow flakelets, mp 228-229° dec.

Anal. Caled for C,;HjCINGO C, 43.64; 11, 4.15; (1,
S50; N, 2036, Foimd: C, 43.57: 11, 444: Cl, 8.66; N,
20.47.
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VIII. N-Mono- and

N,N-Dialkyl-N’-(4-arylazo-1-naphthyl)alkylenediamines
and Related Compounds'

Eowarp 1", Frstacer, Davip B, Carrs, Diaxye H. Kunrz, FrangLixy W, SHORT,
Lesvie M. WERBEL, avp Doxawp 1" Wonrth

Nesewrch Labhovalsiies, Pavle, Davis und Company, A nn Arbor, Aichigun

Received November 11, 1965

Several hundred N-mono- aud N,N-dialkyl-N’-(4-arviazo-1-naphthyl)alkylenediamines (I1I) were synthesized
hy (1) conpling a diazotized arylamine with the approprinte 1-(aminoalkyljnaphthylamine, (2) amination of a
N-(w-haloalkyl)-4-(arylazo )-1-naphthylamine, nud 13) hydrolysis of N-(nminonlkyl)-N-[4-(arylazo)-1-naphthyl}-

2,2,2-trifluoroacetamides or formamides.

Schistosomicidal activity among the N,N-dialkyl-N'-(4-arylazo-1-

naphthylalkylenediamines is widespread, aud twenty-nine compouuds ciired Schistosoma mansoni infections

i1 mice at doses ranging from 78 to 734 mg/kg per day for 14 days.

Six compounds were evaluated against S.

mansoni iufections i1 rhiesus monkeys und each showed significant antischistosomal activity in this host. Strue-

ture-netivity relationships are diseussed.

During the course of continuing efforts in these
laboratories to develop novel schistosomicidal agents,
it was diseovered that various [4-(dialkylaminoallcyl-
amino)-1-naphthylazo Jheterocyclic compounds (I) pos-
sess strong therapeutic activity against Schistosoma

NHYNR,R,
X N=N—Het
1

mansont in experimental animals.**  We have been
actively engaged in extending this work to other
series™~® and now wish to report the synthesis
of a group of N-mono- and N, N-dialkyl-N"'-(4-arylazo-
l-naphthyl)alkylenediamines (1II, where R, R;, and
R, represent a hydrogen atom or an alkyl group, Y
an alkylene radical, X a hydrogen or halogen atom or a
Lhydroxy or alkoxy group, and Ar a phenyl or naphthyl
radical), many of which exhibit remarkable schis-
tosomicidal netivity in mice. After the completion
of this work, the svuthesis of several azo derivatives of

D Previons paper: I F. Blslager and D) B, Capps, J. Med, Chem., T,
G633 (1964).

(2y I3 1 Elslager, 1>, B, Capps, L. M. Werbe!l, D. I'. Worth, J. I. Meisen-
helder, 1. Najarian, and P. E. Thompaen, i67d., 6, 217 (1963).

(3) . I'. Eislager, 1. 1%, Capps, 1. 11 Iorez, 1 ML, Werbie!, and D, T7.
Worth, ibid., 6, 646 {1963).

(1) 1417 Fislager, D. 13, Capps, L. M. Werbel, D, 17 Worti, J. E. Meisen-
helder, and 1. E. Thompson, i6id., T, 487 (1054).

(5y 1. I Flslager, DL 12 Capps, and L. A1, Werbel, alad., T, 658 (1954).

() 1. I Llslager, A. AL, Anders, M. W. Fisher, Z. B. Gavrilis, and 1. Al
Werbel, Nature, in preparation.

(7) L. M. Werbel, A. M. Anders, E. I". Elstager, M. W. Fisher, and Z. 1.
Cuavritis, J. Med. Chem., in preparation.

&) 0T Elslager, DL B Capps, and L. M. Werliel vbid., in preparation.

I-diethylamino-3-(I-naplhthylamino)-2-propanol was re-
ported.®

Three major routes (Chart I) were utilized in the
preparation of the N-mono- and N N-dialkyl-N'-
(4-arylazo-1-naphthyl)alkylenediamines (III) (Tables

CuarT 1
R\ R\
NYNR, R, NYNR:R.
ol TN
X X N=NAr
11 111
B
HNR,R; CTOH_or e
R\ R;CO.
NY—Hal NYNR,R:
X N=Nar X N=NAr
v v

I-V): (1) coupling a diazotized arylamine with the
appropriate 1-(aminoalkyl)naphthylamine (II)* (route
A) (procedures I-IV); (2) amination of a N-(w-
haloalkyl)-4-(arylazo)-1-naphthylamine (IV) with the
appropriate amine (route B) (procedure VI); and (3)
hydrolysis of an N-(aminoalkyl)-N-[4-(arylazo)-1-naph-

i) 1. Matsni, T. Snnaga, and K. Kasai, Yuki Gosei Kagaku Kyokai Shi,
20, 453 (1962); Chem. Ahstr., B7, 60697 (1962).

(1) 1. M. Werbel, 1>. B. Capps, E. ¥. Elslager, W. Pearlman, I'. W.
Shore, 19, AL Wainstein, and D, I, Worth, J. Med. Chem., 6, 637 (1063).
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thyl]-2,2,2-trifluoroacetamide or formamide (V) (route
C) (procedures V, VII, and VIII). Among them,
route A proved to be the most useful because of the
ready availability of a variety of diazo components and
1-(aminoalkyl)naphthylamines (II).'* Route B was
especially applicable for the preparation of groups of
4-arylazo-1-naphthylalkylenediamines in which only
the aliphatic amine portion was varied.

The action of nitrous acid on various aromatic di-
amines and hydroxyamines leads to the formation of
undesirable by-products,'' thereby limiting the use-
fulness of route A for the preparation of certain 4-
arylazo-1-naphthylalkylenediamines with amino or
hydroxy substituents in the aryl function. Efforts
were made, therefore, to develop a more versatile
synthetic route to such compounds utilizing N-(di-
alkylaminoalkyl)-1,4-naphthalenediamine derivatives
as diazo components (route C).

As anticipated,!' attempts to use N-(2-diethylamino-
ethyl)-1,4-naphthalenediamine (VIIa)* in diazotiza-
tion—coupling procedures with aromatic amines and
phenols under a variety of experimental conditions
were unsuccessful, presumably because compounds
of type VIIa undergo rapid oxidative decomposition
both in basic and acidic media.* However, N-(4-
amino-1-naphthyl)-N-(2 - diethylaminoethyl)acetamide

A\ A\
N(CH:): N(C:Hs): N(CHa)2 N(C.H.).
Sel -
N=NCsH; NH.
VI VII
Al
N(CHs):N(C:Hs):
o
b, A=COCHjs
¢, A=COOC.H; N
d, A=COCF; I
e, A=CHO N
NH (CHz) 2N (CZHS)Q
VIII
(VIIb), 4-amino-N-(2-diethylaminoethyl)-1-naphtha-

lenecarbamic acid ethyl ester (VIIc), N-(4-amino-1-
naphthyl)-N-(2-diethylaminoethyl)-2,2,2 - trifluoroacet-
amide (VIId), and N-(4-amino-l-naphthyl)-N-(2-di-
ethylaminoethyl)formamide (VIIe) diazotized nor-
mally and coupled readily with 1-(2-diethylaminoethyl-
amino)naphthalene! in acidic media to give the azo
compounds VIIIb-e (procedures V, VII, and VIII).
Compounds VIIb-e were prepared by acylation of
N, N-diethyl-N'-(4- phenylazo-1- naphthyl)ethylenedia-
mine (VIa, 17) with acetic anhydride, ethyl chloro-
formate, trifluoroacetic anhydride, and formic-acetic
anhydride, respectively, followed by reductive scission
of the intermediate N'-acyl-N,N-diethyl-N'-(4-phen-
ylazo-1-naphthyl)ethylenediamines (VIb-e) with hy-
drogen over Raney nickel.

(11} For a brief review, see K. H. Saunders, ''The Aromatic Diazo-

compounds and Their Technical Applications,” Edward Arnold and Co.,
Loondon, 1949, pp 21, 30,
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Surprisingly, attempts to hydrolyze VIIIb and ¢ to
N,N"-(azodi-14- naphthylene)bis(N' N' - diethylethyl-
enediamine) (VIIIa, 209) under a variety of experi-
mental conditions failed. However, N-(2-diethyl-
aminoethyl)-N-{4-[4-(2-diethylaminoethylamino)-1-
naphthylazo]-1-naphthyl}-2,2,2-trifluoroacetamide
(VIIId) hydrolyzed readily when treated with 2 N meth-
anolic sodium hydroxide at room temperature to give
VIIIa in 529, over-all yield from VIId (procedure V).
Compounds 27, 61, 84, and IXb (203) were prepared
by alkaline hydrolysis of the corresponding trifluoro-
acetamides in a similar manner (procedures V and
VII). On the other hand formamide derivatives such
as N-(2-diethylaminoethyl)-N-{4-[4- (2 - diethylamino-
ethylamino)-1-naphthylazo]-1-naphthyl}formamide
(VIIIe) and N-(2-diethylaminoethyl)-N-[4-(2-hydroxy-
1-naphthylazo)-1-naphthyl [formamide (IXa) were
especially susceptible to acid hydrolysis yielding VIIIa
and 1-[4-(2-diethylaminoethylamino)-1-naphthylazo]-
2-naphthol (IXb), respectively (procedure VIII).

A
“SN(CHy):N(C.H,).

OH

08

IXa, A=CHO
b, A=H

The hypothetical mode of action of several of
the N N-dialkyl-N'-(4-arylazo-1-naphthyl)alkylenedi-
amines is worthy of special comment. Assuming that
the azo function of N ,N'-(azodi-1,4-naphthylene)bis-
(N’,N'-diethylethylenediamine) (VIIIa, 209) undergoes
reductive scission in vivo,* 2 moles of N-(2-diethyl-
aminoethyl)-1,4-naphthalenediamine (VIIa) would be
formed. The diamine VIIa has been postulated* to be
a metabolite of 5-[4-(2-diethylaminoethylamino)-1-
naphthylazoJuracil and related azo compounds?®?
and has been shown to have potent antischistosome
activity i vitro and in mice.* By analogy, the cleav-
age of bis(p-aminophenyl){p-[4-(2-diethylaminoethyl-
amino)-1-naphthylazo]phenyl}methanol (X, 93) or
N-(5-{p-[4-(2-diethylaminoethylamino)- 1-naphthyl-
azo Jphenoxy }pentyl)phthalimide (XI, 94) would si-
multaneously release two different active moieties,
namely VIIa and tris(p-aminophenyl)methanol'? or
N-[5-(p-aminophenoxy)pentyl Jphthalimide,'®  respec-
tively. An alternate approach to hybrids that might
possess & dual mode of action® involved the linkage
of two active moieties through the side chain. Thus,
certain structural features of both the (4-arylazo-1-
naphthyl)alkylenediamines and the p-tolylpiper-
azines!*—'% were incorporated in 1-(3-chloro-p-tolyl-

(12) E. F. Elslager, F. W. Short, D. F. Worth, J. E. Meisenhelder, H.
Najarian, and P. E. Thompson, Nature, 190, 628 (1961).

(13) R. F. Collins, M. David, N. D. Edge, J. Hill, H. W. Reading, and E.
R. Turnbull, Brit. J. Pharmacol., 14, 467 (1959).

(14) G. Lammler, Z. Tropenmed. Parasitol., 9, 294 (1958).

(15) H. Ruschig, D. Schmidt-Barbo, H. Leditschke, and G. Limmler,
U. 8. Patent 2,830,056 (April 8, 1958).
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8
7
X
5
2 >/Z
N:
Yield Purifi-
yriliedd, Pro- eacion®? Carbon, 7, Hydrogen, Nitrogen, f
No. AN VA Alp, ¢C A codnre solvent Formnta Caled Fonnd Caded Fonnd Ciled Fonnd
1 1! 80-D1 15 1 A Taa e CINY 5,26 BN 1210 1216
» 1l 110112 18 1 A Ny 1.8 1.03 1111 i1.00
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18 1 3-01 179180 65 I 1 ( N4 -2 HCT-0,511.06¢ 1961
19 1 1-011 215-216 iy 11 A Co2HeaNaO - TP 11.05
20 H 3,5-011 104-195 dee RH 11 G NAO2 21 C1-0.5 110 1217
2 11 2-8031! 185 dee 86 v 11 s NaOes - 0. 7511209 12
29 11 3-80,1 107 -198 dee 03 1V 1" ( NaOa - 1507 1245
2 11 4-80,11 210-2011 92 1Y 1T ( NS 15 1
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827 1 4-NHa 200 dee 62 v I ( Ns-2.GH O 121 LO™" : ;.83 11.66
28 11 4-B80N 87 1 A ( Ns(hs 62.16 .40 630 1646 16.63
20 H 2-Br, 5-CF3 23 11 1 Co a3 laNg - 21O 18. 01 1.63 102 0,80 0,01
30 il 3-CF3 152-154 dee 34 11 G Casl s PN 2ITCL 1O 5110 578 5.79 1.0 10,97
31 1 4-CN 111-112 62 1 A CallsNs 110 6,78 .82 18,00
39 H 2.CO011 162 2 Y A CapTeNaOr- 21101 1251120 3G 68 G 6,27 1o
33 1 3-COO0IT 202-20% de (i Ly 1 CorlTeaNaO) 70,99 671 608 1101
34 11 1-COO1L 116--144 81 1v 1 Caa 06N O G8.01 6,01 G.7H S ERIR
35 8§ 3-OH, 1-COO1l 220 dee 64 v { Col Lo G615 G.HR 15,74
36 H 2-CHla 12-93 H 1 I C 4 TR LTS 15.67
37 H 3-C1lx 102-107 6 11 [N CuualTagN g Cal 1097 G.57 (.69 10.09
38 I 4-C'H; TR=70 44 1 A CodTesNa T84 N.o12 15.69
39 6-0CI1L | 145148 e 87 [Nl v CladLagN4sO - CytTg O G.38 G.52 908
10 7-OCHs 11 164165 82 1 I CagllagNaO - 211 CL- 2 510 e 7.1 T.36 1088
41 el 1-0C1s 100-102 02 11 12 ( sN4O - 2FLCL 075 1 L0 50505 6. 86 P 1214
42 6-OC1: 1-50dT 210--211 2 v 1 ( [N 1043 -0.751 1077 58,80 G2 [E T 11.02 11.Ga
43 7-0CII: 1-80s11 210 dee Ho v i CollaNIOE - 1511,099 56.63 GG 6,12 11.50 Ny
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Tasre 1 (Continued)

Yield Iorifi-
pirified, 1I'ro- cation® Carion, 7% Hydrogen, 7% Nitrinten, '
No. X Z Mp, °C Y% cednre solvent Formnta Caledd Fonnd Caled  Fonnd Caled Faond
83 H 4 ((C )N (CaHs)e 170-173 56 11 I CusllaNsO -3 CH- 201 LO™™ 5110 D385 T2 v.79 11.39 1001
84 it} A-NAT(CIT9)aN(Cal s 160—163 h8 \Y r Cagl TaeN6 -3 11C0 - 21 T,0 5518 5H.741 v.82 S.11 13,87 o
85 H 4-COCsHs 160 dec 55 11 I8 Cag I ToNJO - 21 [P 6653 660 G.16 G.17 10.70 10.58
86 el 4-0C1:Cyl s 101106 30 1 A Canl3N.O 640G v7.21 71 .09 12.26
87 11 4-CO(CI4)sCl1s 82-81 58 1 B Cug HagNa() TH.9d H. 6 8.3 8.39 1247
88 H 3-01, 4-COO(CH2}sN(Calls)s 8789 50 1 B Cog HTasNs O 68_88 69.14 TLIT ) 14,85 11.01
2N
8O 11 /E D 181183 83 1L H Cool TN OaR - 2HTCL 1 L,OF 50y 5580 56.10 5.47 S140 15.21 15.70
1-50.NH7 N
90 1T 4 COCIT =CHCel s 116-117 28 i r CullaaN4O 78.11 .05 6.77 6.71 11.76 11.82
01 1T 3-80:NCiLCal Is, 4-CH3 175178 15 11 1m Ca N O3 - 211CH 60.38 60.35 6.37 G.1] 1106 11.08
02 H 4-CO(CH»:C 1z 79-80 60 1 B CayliN+O 76.50 76,68 8.70 5.71 11.51 11.77
03 11 4-CON(p-N11Csllg)o 112146 26 ! o Ca NGO .21 .10 L 86 7.00 15.01 1547
O
91 1 4—()((‘H))v.N>>:© 94-08 Ba 1 B Coas 129N O 206 T2.82 .80 6,67 1212 1210
0

“The Dree bises vange front orioige 1o porple e color: the petd addition salts ringe from ornnge 10 black o enlor. * A ethanol: 13, 2-propamol; C,ometliomol witer: D, 2-propimol waters 15,

dilute HCL F, etlvoolwater; G, etlimol-cthzmolic HCT: H, not erystallized: 1, 2-propauol- etbonolie TRCE 0 dimerhy lvectiomde-waters I ethanol ether: Ly miethinol 2-propanol ;- M,
dmerbylaeetamide-2-propanals N, etber: O, etlimol-acetone: P, methanal: Q, dimetbylbeetanmde; 1, ethimol-2-progunol; S, methanol-ethyl aceiite; 1) eblorolovro—peteoleam ether (hp
30-60"); 17, ehloroform: V) ethanol ether-TICE W, acetone: N, ehlovoforne=2-propemol; Y, dimethylformmmide-cthyl neetate:r Z, dovethylonmamide-swnter; AA, metliool - 2-propamol-
livdrogen  eblovide; BB, dimethyllornmmide-cthyl aectote-water: CC, 2-proponol-cthyl acetate; DD, sectonirile; B exelobexane; FF, n-heptane: GO oethyl weernte: L 2-propanol-
I1CE T neclone—g-hepiane. © Anal. Caled: Br, 31700 Foond: Br, 31,60, 4 Anel. Caled: CLO1707.0 Foawd: CL 17040 0 Awell Coled: ClLIBAn Foond: CL13SS 7 el Caled:
1,0, 105, Foand: Ha), 2,25, ¢ duel. Caled: TLO, T340 Toand: TLO, 6.07. 4 Anal. Coled: organte CL 7240 Ihyaoud: ovganie CL 750 Y D, Caded: CLOST TPonnd s CL SO0, 4 Aaal.
Caled: Cl, S84 Foud: Cloy 886, % Angl. Coled: C1) 1596, Found: Cly 15.680 ' dAval. Caled: L0, 2.05. Foand: 1.0, 200 Jaal. Caled: O, 889 oo €1, 8.70.
w Base, mp 86947, 0 Anal. Caled: ClLo15.40. Fowd: CL 13010 7 Anal. Caled: TLO, £06. Foand: TLO, 1.83. » Apaf. Caled: volagile loss ot 100°, 307, Fonnd: 2838, 7 Awal,,
Caled: volutile loss a1 100°, 5.96. Found: 4.538. ¢ lwel. Caled: Ha0, 7550 Foand: 11,0, 619 Al Cided: 0, 2430 Fomd: 110, 482, 2 Angl. Caled: Cl7, 19290 Poand: Cl-
10.14, 7 Aual. Culed: 1L,O, 4520 Fonud: TLO, 4.71. « Jdnal. Caled: Cl7) 14030 Found: CI-, 1391, < Anal. Caled: Ha(), 306, Fond: HaO, 2880 ¥ Anal. Caded: 11O, 4.63. Fonud:
11.0, 4.47. 7 Anal. Caled: HoO, 4410 Dound: TLO, 4490« Monocitrte salt. % Anal. Coled: ClL 14340 Fomd: Cl 1445, Anel. Caled: HeO, 9100 Found: 11O, 8.74. ™ Anal.
Caled: CL 15332, Foand: CL, 1533, @ Awal. Caded: H.O, 2020 Found: o0, 3.05. 7 Anel. Caled: 120, 2870 Foand: TLO, 226, o chad. Caled: volatile loss wi 100°, 5,59, Found:
.66, % Anal. Caled: CL 863, Found: CLSTE 0 vl Caled: CL 1446, Found: CL 1425, 7 Avel. Caled: HO, 8010 Foand: 110, .80, 4 Diliydroeblovide sadi, monobydrnde, mp 150-
152°; manohydrochloride salt, mp 167-168°. 7 Apaf. Coled: Cl 13620 Fonnd: CL 1400, Anael. Coled: 11,0, 8,650 Found: FLO, T470 2 Ay, Caled: 11O, 5770 Foand: 110,
At e Agal. Caled: CL 1317, Found: CLos2ss o Aval. Caled, 1.0, 167, Found: 0, 1.770 @ Awal. Coled: CLo17.040 Tound: ClL 17510 7 Awal. Caled: HO, 607, Fonnd:
1,0, 6.8, = Angl. Caled: C1,17.79. Poand: CL 1T 05 7 Awad. Caled: HaO, 4520 Fonod: 10, 2230 < clual. Caled: 1.0, 7080 Toand: 110, 7.06. 0 Anad. Caled: CLO17.550.
Found: CI, 17.63. ** Anal. Caled: C1, 1555, Fonod: CL 18576 7 Apal. Coled: CLT1L00. Found: CLLTU w9 cnal. Culed: T1LO, 2790 Fond: 10, 2.60.
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NH(CH.).N(C,Hs),

0w
e

NH,
X

NH(CH:):N(C.H;)»

4@ 0
N=N—©—O(CH2)5N

0
XI

and 3,4-xylyl)-4-{2-[(4-phenylazo-1-naphthyl)amino]-
ethyl}piperazine (XIIa, 154, and XIIb, 156). How-

R

\
NH(CHy),N NO—CH&
e/

N=NC:H;

XIIa,R =Cl
b,R = CH,

ever, no evidence has been obtained (¢nfra) that would
suggest any superiority of compounds VIIIa, X, and
XI over other highly active members of the series (III),
and compounds XIIa and b proved to be ineffective
against S. mansons in mice.

Among related compounds, N,N-diethyl-N’-(1-phe-
nylazo-2-naphthyl)ethylenediamine (XIII) was pre-
pared by coupling diazotized aniline with 2-(2-diethyl-
aminoethylamino)naphthalene!® and 2-(4-phenylazo-
1-naphthyloxy)triethylamine (XIV) was obtained by
alkylation of the sodium salt of 4-phenylazo-1-naphthol
with 2-chlorotriethylamine. Oxidation of N,N-di-
ethyl-N'-(4-phenylazo-1-naphthyl)ethylenediamine

O(CHy),N(C,H;),

NH(CHz)ZN(C-_»H.a)z OO

N=NCH; N=NCH,
XIII X1V

(VIa, 17) with perbenzoic acid in chloroform gave the
corresponding N-oxide (XV), while treatment of
VIa with methyl iodide afforded diethylmethyl[2-(4-
phenylazo-1-naphthylamino)ethyl Jammonium  iodide
(XVD).

The N-mono- and N,N-dialky[-N'-(4-arylazo-1-naph-

(16) Abbott Laboratories, South:African Patent 63/593 (March 7, 1963).

SYNTHETIC SCHISTOSOMICIDES,

VIII 383
+ +
NH(CH.),N(C,Hs), NH(CH:),N(C,Hy), -1~
SOOI
N=NC.H; N=NCH;
XV XV1

thyl)alkylenediamines and related compounds described
in the present communication were tested in mice
against a Puerto Rican strain of Schistosoma mansoni»"
by Dr. Paul E. Thompson and co-workers of these
laboratories. Drugs were given in a powdered diet
for 14 days or by gavage in 10 ml/kg of aqueous 19
hydroxyethyl- or carboxymethylcellulose for 10 days.
Drug amounts are expressed as free base. Schistoso-
micidal activity among the N ,N-dialkyl-N'-(4-aryl-
azo-l-naphthyl)alkylenediamines of structure III is
widespread. Compounds 2, 8, 13, 22, 23, 29, 30, 34,
41-43, 48, 50, 55, 57, 69, 83, 92-94, 99, 103, 104, 114,
177, 188, 196, 201, and 206 (Tables I-III and V), which
are representative of the more promising members of
the series, completely eliminated live schistosomes
from infected mice at doses ranging from 78 to 734
mg/kg per day when administered orally in the diet
for 14 days.'* These compounds were, therefore,
distinetly more promising in mice than lucanthone hy-
drochloride,'”'* the tris(p-aminophenyl)ecarbonium
salts, 1217 4 4'-(heptamethylenedioxy)dianiline dihydro-
chloride,??' N-[5-(p-aminophenoxy)pentyl ]phthalim-
ide,1® or 3-[4-(3-chloro-p-tolyl)-1-piperazinylcarbonyl -
acrylic acid'* when tested under comparable experi-
mental conditions.

Several representative naphthylazo compounds were
selected for trial against the Puerto Rican strain of S.
mansont in rhesus monkeys®'V and each substance
tested showed significant antischistosomal activity in
this host.'* Drugs were given orally by gavage twice
daily 5 days a week for 1-4 weeks. Among var-
ious [4-(dialkylaminoalkylamino)-1-naphthylazo Jben-
zenesulfonic acid derivatives tested, p-[4-(2-diethyl-
aminoethylamino)-1-naphthylazo Jbenzenesulfonic acid
monohydrochloride (23) at tolerated doses of 25-100
mg/kg/day for 10 days caused a moderate to strong sup-
pression of egg production but was not curative. Doses
of 100 mg/kg/day for 15 or 20 days usually effected a
cure and were tolerated well except for transient weight
loss and some mucoid diarrhea. No improvement in
activity was observed with the 7-methoxy derivative
(43) and it was more toxic for monkeys. The most
potent sulfonic acid derivative in monkeys was p-
{4-[2-(isopropylmethylamino)ethylamino ]-1-naphthyl-
azo benzenesulfonic aeid monohydrochloride (114).
Doses of 25 mg/kg per day for 10 days usually effected
a cure and were tolerated well. However, doses in
the range of 50~100 mg/kg per day for either 5 or 10
days produced gastrointestinal side effects such as
emesis, weight loss, inappetence, and mucoid diarrhea.
The unusually high thetapeutic index noted with p-

(17) For a description of test methods, see P, E. Thompson, J. E. Meisen-
helder, and H. Najarian, Am. J. Trop. Med. Hyg., 11, 31 (1962).

(18) P. E. Thompson, J. E, Meisenhelder, and H. Najarian, unpublished
results, Parke, Davis and Company, Ann Arbor, Mieh,

(19) W. Kikuth and R. Gonnert, Ann. Trop. Med. Parasitol., 42, 256
(1948).

(20) C. G. Raison and O. D. Standen, Brit. J. Pkarmacol., 10, 191 (1955).

(21) R.F. Collins, M. Davis, N. D, Edge, and J. Hill, ibid., 18, 238 (1958).
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Yield T'oriG-
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No. Z NR Mp, °C v cednre solvent Lormauta Caled Fonnd Caled  1I'onnd Cated 'onnd

05 A-NO» N(Cll)s 164-166 41 1nr W Capt Ty Ns Oy 6G. 10 36 .22 H.83 5.86 19.27 1).134
16 11 156157 81 11 1 ol T Na - 211 C1 0251 Ty 12,15 12,39 —
97 I 135177 83 11 1 Coed TaN2O - 21T CE -2 251 1.0 12.51 12.48 =
98 4-50aH 3 211-213 05 v 1 Col 12 N4OS 5,65 14,06 11.05 Z
99 4-80s311 N(CH3)s 148 doc 02 1V 1 CoMaaNaOzR - 1101 2,543 11,07 5.03 11.75 11.78 =
100 3-= 011 NU(CH2):011 190200 GY v 1 CaoHan N(O9S - 1101 541 1215 12,38 =
101 5! NCUHaCells 150 dee 03 11 1 CorHaaNa-211CH 0.25 11006 6.3 1367 13,76 =
102 H NCTIa( ; 190-192 81 11 s CalluN>O - 21TCLH- 051107 6.45 [3.02 13,15 ~
103 1-3011 NCUsCalls 180-205 07 v 1 Ca 1L NaOyS - 11C1-3.5 1.0 6,22 10.01 11.02 b
104 1-C:=NIIN I, N(CHy): 210 00 11 ¢ CodlaNG-31CH 211,01 G.1p =
F
105 11 N<:“ 0300 i vl " Carl T2 Ny .70 1656 105,14 —
:_‘.
1d6 1 N(C1T) §2-83 71 1 v T2y N« 714 5
107 11 N(CIz}al0 173171 o 1 10 1HaNO G.53 <
108 480401 N(Cla)y 207-210 o1 Y 1 LaaNa O - 11CT-2.511,07 .88 ,j
109 1 N{(Cl1I [ DI8-220 ($41 11 (¢ M Ng - 11O G .3 :'
110 H NCUCLI(C ) 77-80 57 1 A Cas Ny 7.5t =
11 1-011 NCILCH(CHa: 204-2006 e 58 1" ¢ 1NaO - 111 6.86 =
112 1 NCaolle(CHy) O 1 178-180 71 1 S CallaNAO - 21 Ci - 0.67 1O (¢ 8.4 Q.65
113 11 N[(CH011]. 155-156 G0 1" 10 CollaiNaOy - 211C1- 0.251 07" 57. 57.90 6.0 633 . =
114 1-50511 NCILCH(CHa)» 200 dee 05 v 1T Casd TisN4Oyt - 11O 1,75 11,04 53. 53.32 G922 G.19 11,02 =
115 +-50511 NI(C11:):011]. 186188 85 v D Cae 11N Os - HOL- 0.5 110" 52,13 5210 560 583 1197 ’;
116 1y NCATCILCH= - 1Ly 62~63 18 1 1 Coy 1 1aaNs 77.06 77.20 781 7.38 15.71 &
1y 1§ N(Cl2)s 180 dee 84 11 17 CagHeaNy - 211C) A 110" i1 87 5500 721 7% 116 o
[RE) 11 N\b 143144 52 | \ Caal 16N O 3.7 7852 700 .0 1406 15,08 -
—
OH r
i N{(C ). CHOTL 166167 70 1 A CoHaNHO Ti.81 700 G.88 15.08 5
420311 N(Cl)s 198 dee 86 1V T Caplt O 11O A0 5016 G615 6,61 10.12 =

1 2y NC 163155 85 11 [ Cog g Ns - 3O L5107 f= B G52 .75 13.70

u 6764 83 1 A Caa TN 76.20 P 708 15.62

4-Ch 165- 167 00 1 B CaalTap(INSO G604 630 15.80

1L 1853185 k6 11 \ CogTagNg - Cal 1O 72.02 7.8 13,30

11 104-105 81 1 A Cag 2Ny U5 768 1510

11 ; 200 dee 87 11 I CaatlasNa- 211 CH 3. 75 a0 36.07 T.62 1. 86

ol N(CH2CHIC 1920 167-168 61 1 P CaaHssNIO T4.48 7,33 1185

1-80411 N(Clla)g 185-190 06 1V 1 CaalDyNaOus - T1CT- 2.5 11,047 53. 89 641 10.51

3-CHHOICHs NCHzCHC s 90101 61 1 : CulloN2O T3.00 T.69 11.45

1-80311 N|CIT(C 201-20: 87 v 1 ClagH3gNgOus - HCT- 15 104 SRLTT .86 11.05

11 NH(CH2)aN(Caltoiz 165-167 64 1 v Cot I Ty Ng - 31O -2 1120075 a3.27 TG 12.80

I N(CH2)2 1N COOC.H, B7~00 65 Vi 1 Cos e N5 O 5. 47 .00 R
1 NCHCLHICCH)s 208209 69 1 W Clap HaN - 11Cer 71.01 725 1327 heg
1 232-223 68 11 0 CosHaN - 1TCLA6 Y 7oL 1325 =
3-CHOTICT NCHAC)C T w2 1 o Cus M5 NAO T117 786G 1306 -~
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II
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1

4-O(CH2):N(C.Hs)2
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3-CIIOHCH;
3-CHOHCH;
3-CHOHCH:
3-NHCOCH;
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NHCHCH.)-
CH,
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CH,

N |CH2CII(CIa): ]2
N|CH(CHj3)z2]2
N[(CI12)sCHjsla
NC:Hs(CIT2)2N (Ce115)2

N(CHs)

NCH;C:11s
NCIH:CH=—CH:CH(CIl:)s

(CH2)2N(CH3)2
NCH3(CH:):N[CI1(CHzs)2 ]2

00
N@——N@

N(CH,CH,0CH,),
a
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N [(CH2),] ,CH(CH2, N(CH;),

NICLI(CHz):2]2
NI(CH2):1:CH(CHz2)2N (CHz)4
N](CH2):2CH(C1I2):N ] (CIl2):|.0
NI(CIl2): [2CH(CHz2)2N (C:Hs)2
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NCHs(CILClla
N](C112):Clls]»

164—-166

175-177

215-216

157-159
108-110
200-205
82-85

212~215

192194
215-216

105-107

70 dec

162164

213-215

169-171

204 dec

136138

144-146

142-144

168 dce
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120 dec
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95 dec
125-127
89 dec
157-158
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CaITN.O-HCl

CogH3aNg-211C1-0.7511,0%
Cagl134N4O - G360 - [IC17 7.5k
CosHaaN1038 - [1C1-2H, 0 hmm
CaslT3sNs - 2.5 HCL- 1.511,07%00

CorHaNg

CoiIlysNa- HCIPP
CzH3Ns-HCI-0.511.0

CoiHaN4

Carll3Ns-0.25 09

C2i1133Ns
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TasrLe 11 (Continued)

« The frec hases range from orange to green in color: the aeid addition salis mnge from orange (o black in color.  * See foanote b, Tuble I. ¢ Anal.  Caled: H:O, 13.01. Found: H.O,
12.06. 4 Anal. Caled: CL 15.83. Tound: CI, 15.78. ¢ Anel. Caled: 1,0, 9.05. Found: H,0, 9.15. 7 dAnael. Cualed: 1,0, 880. Tonnd: 11,0, 9.06. ¢ Anal. Culed: Cl, 17.30. Found:
ClL 17.20. ¢ Anal. Caled: H.O, 1.10. Found: H.0, 0.94. @ Anal. Culed: Cl, 16.48. Tound: Cl, 16.47. 7 Awaf. Caled: ILO, 2,00, Found: J,0, L75. * Anal. Caled: HyO, 12.30.
Found: H.O, 12.28. P Anal. Caled: H,Q, 7.12. Tound: HyO, 7310 » Anal. Culed: TLO, 889, Touud: H.0, 8.82. » Anal. Caled: Cl, 8.96. Found: CI, 8.74. ¢ Anal. Caled: Cl, 8.88.
Found: Cl, 9.04. » dnal. Caled: Cl, 15.85. Fouud: Cl, 16.01. « Awal.  Cualed: 11,0, 2.68. Pound: H,O, 2.05. 7 Anal. Caled: Cl, 15.50. Found: Cl, 1741, * Anal. Caled: Ho0, 0.99,
Tonnd: H,0, 098,  Anal. Caled: HLO, 6.37, Foud: 0, 6.65. « Anal. Caled: H.O, 1.79. Foond: H,O, 18RS, ®.Anal. Cualed: H,O, 14.30. Tound: 1L0), 14.03. » Anal. Caled:
0, 15.16. F¥ound: H.0, 1507, # dwal. Caled: HoO, 520, Found: H,0, 5.20. v Anal. Caled: CL 2086, Fomd: Cl, 2007, 2 Monoacctute salt. » Anal.  Caled: H.0, 13.16. Found:
H,0, 13.14. * Anal. Caled: Cl, 13.82. Found: Cl, 14.00. = daw/. Caled: 11,0, 8.45. Pound: HyO, 8.39. 44 dwel. Caled: Cl, 684, Tound: CL 715, Angl.  Caled: C1, 19.88. Found:
Cl, 19.85. 77/ Anal. Caled: 11,0, 6.73. Foand: 11,0, 6.74. o Anal. Caled: Cl, 838 TFound: Cl, 805, " Anal. Caled: Cl, 8.38. TFound: Cl, 846, # Anal.  Caled: HyQ, 2.76. Tound:
H,0, 3.11. 7 Acctone of erystallization. ¥ Adnal.  Caled: Cl, 6.91. Fouud: Cl, 6.96. # Anal. Caled: Cl, 6.39.  Found: Cl, 6.13. »» Anel. Caled: TLO, 649, Foand: 150, 7.00.
e dngl. Caled: Cl, 16,54, Found: Cl, 16.49.  » Anal. Caled: H0, 5.04. Popnd: TLO, 430, w0 Anal. Caled: Cl, 797, Found: ClL 8080 Anel. Caled: HyO), 1.08. Fouud: 11,0,
0.93. 7 Anal. Caled: HyQ, 1.74. Toand: Hy0, 1.93. * Anal. Caled: CL 18750 Foand: Cl IS8, ¢ Agal. Caled: H,O, 4750 Tound: ThO, 4.67. »* Anpal. Caled: C1, 12,72, Fonnd:
Cl, 12,68, Anal. Caled: 11,0, 1L.OS. Fouud: 11O, 1420 Anal.  Culed: 10, 2299 Foand: HaO, 2960 22 Anal. Caled: Cl 16990 Foand: CL 16920 es Anal. Caled: Cl, 16.21.
Found: CL 16.01. = Anel. Culed: TLO), 6.86. Fonnd: HLQ, 7000 o Anal. Caled: HO0, Gl Foand: HaO, G.OZ20 ** Temioxadate salt.
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Yield Purifi-
pearibied, I'ro- cation? Carbon, lHydrogen, Y5 Nitrogen, Yo

No. Ya YNRIR: Mp, 7€ Yo cednre solvent Tonmnla Chaled FFonnd Caled Ironnd Caled Tonnd
165 H (CIT)sN(CI,)s L0S-110 83 11 H Co Ny 2T1CL- 211,004 n7.14 a7.a1 G.85 6.98 12.69 12.79
166 H CHCH;CH,N(CTly). 196199 W I T Cu 1Ny TICI (G8.37 (.49 (.83 G. 86 1519 15.19
167  4-SO,H (CH,);N(CH;). 220222 9l v 11 CnT1yN,0,8 - 1CL-21L.O7 52,00 52.50 G.03 .40 11.545 12.05
168 1 CH.CHGH;CHN(Cl 1)+ 127--129 G3 1 FF CnTaN, 7G.26 75.05 7.57 7.49 16.17 16,534
160 4-80,H (CHy);NHCI(CILy)s 205217 77 v 1 CouH 3eNLO48 - HCL-TLO¥ a4.93 A0.18 .08 6.15 11.65 11.72
170 4-C=NUHNII. (CI);N(CH;)a 212 4% 11 & CoaJTogNg - 311C1L- 1O* 32.65 50,76 6.723 6.07

171 2,4,5-Cl, CILC(CH;)«CHN(Cl )4 1GH 166 49 1 G Coy I CLNy 5050 5056 0,43 5.50 12,08 12.13
172 11 {CHL)sN(CIa), 104105 07 I A CugtlyN, 77.06 77.09 i 7.27 15,63 15.98
173 o (Cl)sN[{CIT)a]-0 154-156 ]2 I A CyITyeNLO T 74.11 T.00 1. 89 14.96 15.00
174 4-SCll; CH[(CII,),].NCIH;, 131-134 47 1 B CogTaaNLS 70.73 70.37 G.71 15. 69 14.35 14.27
175 1T (CH2):N(CyH,)s 90-02 87 1 A Cay 5N, T0.63 70,46 7.8 .01 15.04 15.79
176 11 (CILL);N(CHa), 186 dee 40 1 D CogosN, - 21TCT - 21T.OF a0.87 (0.04 712 7.30 11.64 11.52
177 H CILCHOHCHN{Cl1.), 112 dee 83 VI I CoHyN,O - TLOY 70.01 71.00 ! 7.33 13.78 15.79
178 4-COull CH[CHN(ClI3)l, 195197 42 1V D CaHyoNO, - 21TCL- 0,331,075 0783 07.63 .40 .02 14.05 13.97
179 4-S0.NH. (CH.):N(CI), 211-213 G4 I J CoslTeN 058 (3.83 63,50 G.47 .48 15.501 15,45
180 11 (CHL),0(CH. )N (ChH)w 100 dec 23 1L 1 CosHyoN,O - 1.671ICL-0.51L,0™ " 62.60 (2.05 Ton 760 12.17 11.54
181 4-S0,11 (CH)O(CIT2)oN(Cul 5 )s 197-198 61 v g CasHyoN4O,8 - 1.25HCL- 0.511,0%  54.89 54.67 6.19 .31 .67 .32
182 H (CH)S(CILN(CuH, ) 115-118 53 1 B CosH3oN,S - HCI? 65.00 Gh.25 7.05 7.22 12.6a 12.36
183 3-O11, 4-COOH  (CH,);N(CH.,), 218 219 dee AT IV 7 Co3115:N,04-0.511,0” (3. 01 6%.08 162 1. 80 12.69 12,61
184 11 (CH)sN (G 180-182 At I I Cos N, -2HCL-0.251L,O (4.44 64.51 7. 46 7.43 12.02 197
185 1 CHCH(CIT)yN(Cul T 120125 dee 62 11 AA CoH3uN, - 1.671ICI - TLO™Y (01.23 61.56 T.69 TS 1199 1194
1586 4-0C.Il; (CIT)N(Cal I3 100-102 20 1 r CosHgN,O 74.22 74.20 707 806 1585 11,10

187 480,11 (CHN(C.1T.), 2 ([ <G 1v 7 Co; 1T NO,8 H4.0¢ 5. 9D (V.88 6.7 11.06G 1.7

O8E
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9.74
13.5:

9.86
13.4H
11.96
13.45
10.89

1

.02

7

6.83
7.74

.85
75.23
69.42

]
)

<

52.83
74.96

T

Cas LeN 0.8 - L5ITCY- 25,0

CosHNLO

C‘Z7H31 ]*‘3N 4
C27H36N 4

181 H

04
65

200 dec

(CHLCITN(CH,),
CHC(CTT,),ClLN(CH,),

CILC

4-50,H

158
189
190
191
192

7.%0
6.74

101-103

3-CH.,O0H
3-CF,

1T

11.89
13.39
10.78
15.76

6.67
8.71
7.64
6.47

69.21

132-134
78-79

}]?):I

i

H,)1.CH,N(C

(CH)sNH((C

(O

CH,(

8.94
7.89
6.68

I~

77.84
63.02

11,).CH,

s

<

CorHyN,O - 211 CL-0.511,6%7

Cosl1:N,O

11 v

19

2

125 dee

L,C(CIT,).CHN(CoHy),

TICIT;C

C

HOIICH,

s

3~(

[En}

2
-
~

74.47

B

| Eml

156-160

),

MN(C

s

s

(

ONTIC,IT,

~
p

4-C

193

63.46 5.70 5.71

37

1
L]

63

Cas! LN O35

61

240-241

H.),1,0

s

(CHy)NI(C

N
N7

4-SO,NH

194

15.92

6.05 15.90

6.18

65.70

65.88

CagH 3N 059

Q

3

I
3

8!

190-192

(CIHL),N(CILL),

\
N/

4-50,NH

195

CHNCHY,

©

« The free bases ranged from orange to reddish brown in color; the acid anddition salts ranged from orange to blue-blavk i evlor.

-Cll,

10.10

7.81 7.62

6D.33

64.97

CylTyN,O - 21TCL- 051,00

1I AA

85

163 dec

3-CHOHCH,

196

SYNTHETIC SCHISTOSOMICIDES,

Found:

9

1, 15.2
1, 9.36.

Cal
.
.

o Anal.
Caled: (

kE Anal.
Caled: €

¢ Anal.
7 Anal.

s Anal.
w Anal.

1, 7.80.
ar Anal.

Found: H,0, 4.54.

(
Found: H,0, 1.93.

b See foutnote b, Table I.
Fouud:

Touud: 11,0, 1.47.
Found: H,0, 3.70.

Found: H.0, 1.4).

1, 7.31.

(
Caled: H,0, 4.43.

Caled: HyO, 1.95.

Found: Cl, 9.32. 7 Anal. Caled:
i Anal.
Fouud: CJ, 12.95. = Anal.
3, 7.80. 7 Anal. Caled: H20, 2.04.
* Anal. Caled: H,0O, 3.85.
z Anal. Caled: Hy0, 1.75.

1, 9.61.
Found: (

Cl, 12.86.

Caled:

Caled: H,0, 7.48. Found: H,0,7.32.

e Anal.
i Anal.
= Anal. Caled:
7 Anal. Caled: Cl, 8.00.
* Anal.
v Anal.

ound: H,0, 1.65.

1, 16.41.

Found:
Found: H,0, 3.31.

Fouud: H,0, 1.00.
Found: H,0, 1.84.

2, 16.07.
Found:
Fom
2

aled: He0, 3.59.
Caled: 11,0, 1.20.

Caled:
Caled: 11,0, 1.71.

C

¢ Anal.
E Anal.
! Anal.
? Anal.

Caled: H,0, 0.97.

Caled: H,O

t Anal.
z Anal.

1, 15.54.

Bl
p

Fouud: H,0, 8.03.
Yound: H,0, 3.35.
Found: Cl, 13.61.

Touand: Cl, 8.09.

(

1, 12.71.
1, 13.18.

Caled: Cl, 12.67. Found:

Caled:

H,0, 0.69.

Found:

1= 12.79.

Caled: (

Cl, 15.78. Fouud:

ﬁ‘:
3
I~
3

2
ot

2.
162, T

7.9
Caled: 11,0

b Anal.

1-, 12.81.

J.

Cl, 9.68.

(
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[4-(3-diethylamino-2,2-dimethylpropylamino)-1-naph-
thylazoJbenzenesulfonic aeid hydrochloride (188) in
mice was not duplicated in the monkey. N’-{4-[p-
(2-Diethylaminoethoxy)phenylazo]-1-naphthyl}-N N-
diethylethylenediamine trihydrochloride (83) caused
strong permanent suppression of eggs or was curvative
in monkeys at a dose of 100 mg/kg per day for 5 days
or 50 mg/kg per day for 10 days, but was essentially
ineffective in doses of 12.5 or 25 mg/kg daily for 10
days. The effects of m-[4-(2-diethylaminoethylamino)-
1-naphthylazo J-e-methylbenzyl aleohol dihydrochlo-
ride (57) were particularly noteworthy because the com-
pound cured or strongly suppressed S. mansoni infec-
tions in the monkey following a single dose of 400 mg/
kg or single doses of 200 mg/kg per day on two suc-
cessive days.

The antischistosome properties of compounds of
structure III are abolished or drastically reduced when
alkyl substituents at R; and/or R, are replaced by hy-
drogen (compounds 96-98, 100, 124, 137, 169, and 191)
or when R is methyl or ethyl (197-199). Among com-
pounds having a structural relationship to N,N-
diethyl-N'-(4-phenylazo-1-naphthyl)ethylenediamine
(VIa), the position isomer N,N-diethyl-N'-(1-phenyl-
azo-2-naphthyl)ethylenediamine (XIII), the oxygen
isostere  2-(4-phenylazo-l-naphthyloxy)triethylamine
(XIV), and the quaternary salt diethylmethyl[2-(4-
phenylazo-1-naphthylamino)ethyllJammonium iodide
(XVI) lacked appreciable effect. Activity was also
diminished by conversion to the N-oxide XV, an
interesting and unexpected result in view of the
beneficial effects of N-oxidation on the antimalarial
properties of the 4-aminoquinolines and %-amino-
acridines.??=2* A variety of N ,N-dialkyl-N'-(4-azo-
phenyl)alkylenediamines®”** and N-mono- and N,N-
dialkyl-N’-[4-az0(5,6,7,8-tetrahydro-1 -naphthyl) Jal-
kylenediamines were also prepared®’ but none of these
showed promising antischistosome activity.

Experimental Section?

Preparation of N-Mono- and N,N-Dialkyl-N‘-(4-arylazo-1-
naphthyl)alkylenediamines (III) (Tables I-V). Procedure I.—
To a solution of 12.7 g (0.1 mole) of o-chloroaniline in 25 ml of
concentrated HCl, 100 ml of water, and 100 g of crushed ice,
there was added at 0-5° a solution of 6.9 g (0.1 mole) of NaNQ,
in 100 ml of cold water. After diazotization was complete, the
diazonium salt solution was added with stirring at 0-5° to a cold
solution of 24.2 g (0.1 mole) of 1-(2-diethylaminoethylamino)-
naphthalene! in 17 ml of concentrated HCI and 250 ml of water,
The mixture was stirred for 3 hr at 0-5° and allowed to warm to
room temperature. The addition of excess aqueous NaOH
precipitated the crude dye which was collected by filtration,
washed throughly with water, and dried ¢n vacuo at 50°. Crystal-
lization from 2-propanol gave 28.9 g (769;) of N'‘-[4-(o~chloro-
phenylazo)-1-naphthyl]-N,N-diethylethylenediamine (8) as deep
maroon erystals, mp 99-100°,

Procedure II.—p-(2-Diethylaminoethoxy )aniline (13.5 g, 0.065
mole) was diazotized and coupled with 15.8 g (0.065 mole) of
1-(2-diethylaminoethylamino )naphthalene® according to proce-
dure I. The purple reaction mixture was made alkaline (NH,OH)

(22) E. F. Eislager and F. H. Tendick, J. Med. Pharm. Chem., 8, 1153
(1962).

(23) E. F. Eislager, R. E. Bowman, F. H. Tendick, D. J. Tivey, and D.
F. Worth, ibid., 5, 1159 (1962).

(24) E. F, Elslager, E, H. Gold, F. H. Tendick, L. M. Werhel, and D, F.
Worth, J. Heterocyclic Chem., 1, 6 (1964).

(25) F. Mietzsch and J. Klarer, U. 8. Patent 2,022,921 (Dec. 3, 1935).

(26) Melting points (corrected) were taken in open capillary tubes in a
Thomas—Hoover capillary melting point apparatus. Water determinations
were made by the Karl I'ischer method.
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Tasre IV
N, N-D1EraY 1-N-ALKYL-N'-{ 4-POENYLAZO-1-N APUTHYL R TTTY LE N EDIAMINES®
R . .
SN(CH):NCH ).
: :N‘Q—'Z
Yield Ihorili-
puri- Pro- cation” Carbon, Ifydrogen, "5 Nitrogen,
No. R V4 Mp, °C lied, €7  cedure solvent Formmlu Caled Tonnd Caled  Fonnd Caled Fonnd
107 Cllz H 110~-12p 65 11 K CasMasNy- Gyl 1507 - Ce ;009 G210 G253 .07 6.84 0.306 0,50
M8 CHs e 240 dec 97 v n Cr3H2sN1O0s5 - 0.5 H.0%/ 61,44 61.38 G.50 .10 12 .46 12,20
190 ol SO 226-229 dec 37 v i Cui N 4055-0.25120% 6270 2. T2 .70 6.7 12,21 11,87

© Compounds range from orange 1o hrown i color,
e lna/. Cnaled: S 713, Fooud: 3, T2 7 el
100°, .98, Found: 0.88.

aud the sticky precipitate that fored was extracted with eliloro-
form. The eombined chiloroform extracts were dried (K.CO3),
the drying ageut was collected by filtration, and the chloroform
wias removed in zacuo. The residue was dissolved in lLiot 2-
propanol and the solution was treated withexcess HCl-2-propunol.
Upon cooling, deep blue crystals separated. The produet was
collected by filtration and recrystallized from 2-propaiol-HCI.
N'-{4-[p-(2- Diethylaminoethoxy)phenylazo]- 1-naphthyl{- N,N-
diethyletliylenediamine (83) was obtained as a hydrated tri-
hydrochloride salt, mp 170-173°, vield 22.5 g (5677). The ~alt
wus allowed to equilibrate in the air prior to analysi

Procedure III.—A mixtire of 13.8 g (0.1 mole) of p-nitronni-
line, 30 ml of water, and 30 ml of concentrated HCl was heated
antil solution occurred. The solution was cooled rapidly to
rooin temperature with vigorous stirriug. Ice (80 g) was then
added followed by 6.9 g (0.1 mole) of NaNO, in oue portion.
After most of the precipitate had dissolved, the dinzonium sult
solution was added with stirring at 0-5° w a solntion of 24.2 g
(0.1 mole) of 1-(2-diethylaminoethylamino)naphthalene! in 250
ml of water, 250 ml of 955, ethanol, and 25 nil of coucentrated
HCL The purple reaction mixture wus stirred for 2 hr at 0-5°,
then for 2 hir at room temperature. The mixtiire was made
alkaline with NaOII aud the precipitate was collected by filtra-
tion, wushed with water. aud dried in vacuo. Crystallization
of the crude dye from 2-propanol gave 30.1 g (77%) of N,N-di-
ctliyl-N’-[4-( p-nitrophenylazo)-1-naphthylJethylenediamine (16)
ns purple-black crystals, mp 137-138°,

Procedure IV.--A solution, prepared by combining 34.7 g
(.20 mole) of snlfanilic acid, 34 ml (0.20 njoled of 6 N NaOH
soltition, 250 1wl of water, and 200 wml (0.20 wole) of 1 W NaNO,
solution, was cooled to 0° and added with stirring to i mixture of
50 ml (0.60 mole) of concentrated HCI and 500 g of an ice-witer
wixtire.  After stirring for 5 min, the suspension of the din-
zonium salt wus added to 1 mixtnre of 48.6 g (0.20 mole) of 1-(2-
diethylaminoethylamine)uaphthalene,™ 100 ml (1.20 moles)
of concentrated HCI, and 2 kg of ice-water. The deep ptirple
sispension was stirred for 18 hir during which tine it was al-
lowed to warm to room temperatnre. The precipitate was col-
lected by filtration, washed with 0.5 N HC], aund dried n vacuo
at 78° for 18 hr. After exposure to the atinosphere for 24 hr,
p-[4-(2-diethylaminoethylamino)- 1 - naphthylazo]beuzenesulfonic
acid 1nonohydrochloride dihvdrate wns abtained as a purple-
green solid, mp 200° dec.

The free base was prepared as follows,  The acid hydrochloride
salt was suspended in water and neutralized with agueous sodiinm
acctate or (NH,)CO; solution. The orange precipitate that
separated was collected by filtration, washed successively with
water and methanol, and dried 7z vacuo nt 100° for 16 hr.  The
buse (28) weighed 78.5 g (9297, mip 243-244°,

Procedure V.—A solution of 5.3 g (0.0136 mole) of N-(4-amino-
L-naphthv])-N- (2 - diethylaminoetliyl) - 2,2,2 - trifluoroacetamide
monohvdrochloride (VIId) in 40 ml of ice aud water coutaining
2.5 ml (0.03 mole) of concentrnted HCI was treated with 13.6 ml
(0.0136 mole) of a 1 M agueous soluthm of NaNO; over a period
of H min. The red diazoniam salt soldtion was stirred for 5 min
at 0-5° and poured into a stirred solution of 3.3 g (0.0136 mole;
of 1-(2-dicthylaminoethylamino)naphthalene'® in 150 1wl of
waler and 7.5 g (0.09 mole) of conecentrated I1Cl while main-
taining the tempernture below 5°. The resulting puirple mixture

% Ree foornote 4, Tuble 1.
Cualed: voluaile loss ar 1002, 200,

“ Monoelirare sali.
Potnd: 1.04.

¢ Ethanol of erystallization.
7 Anal. Caled: volatile loss at

was stirred aud allowed to warin to roon temperature during 1 hr,
wherelipor it was treated with 170 ml of 1 3 aqueons NaHCO;.
The mixtire was cxtracted with ether and the cowbined ex-
tracts were washed successively with water and saturated aglienus
NaCl solution and dried (MgSO,). The drying agent was col-
lected by filtration, and the etlier was evaporated to give 7.2 ¢
of the internediate N-(2-diethylaminoethyl)-N-{4-[4-(2-diethyl-
aminoethylamine)- 1-naphthylazo]-1-naphthyl{-2,2,2-triflnoro-
acetamide (VIIId) as a deep red solid with green iridescence.
I another rin, a sample of the dihydrochloride salt wus prepared
hy adding a 2-propanol-HCl solution to a solution of the crude
buase in 2-propanol.  Crystallization from methanol-2-propiel-
cthyl acetate gnve dark red erystals, mp 203-205° dec.

nal. Caled for CyHyF3N;0-2HCL: C, 60.08; M, 6.38;
E\ii, 10.43; N, 12.37. TFound: C, 60.00; H, 6.38; Cl, 10.66:

[aTN N

The crade iridescent base (7.2 g) was dissolved in 75 il of warm
methanol, 25 ml £0.05 mole) of 2 V niethanolic NaOQ wus added,
and the mixture was stirred at roont temperature for 1 hr. e
dye was colleeted by filtration, washed with cold methunol, and
recrystallized twice from an ethanol-acetone mixture to give 5.7
g (3247 over-all) of N,N*-(azodi-1,4-naphthylene)bis(N’N‘-di-
cthylethylenedinmine) (VIIIa, 209) as iridescent browu needles,
mp 163-1065°.

Procedure VI.--A mixture of 7.1 g (0.02 mole) of N-(2-bromo-
ethyl)-4-phenylaza-1-uaphthylamine, 5.0 g (0.04 mole) of 3-nza-
bieyvelo'3.2.2nonare, aud 12 1wl of dimethylforianide wus
heated on a steam bath for 2 ir. The mixture was poured into a
mixtire of 300 ml of water and 400 g of ice and allowed to stand
vvernighr. - The orange precipitate that separated was colleeted
by filtration, washed with water, and dried in vacuo at H5°.
Crystallization from chlorofor-2-propanol gave 6.2 g (78C7) of
3-12-1(4-phevylazo-1-naphthylDaminoJethyl} -3-nzabicyclo[3.2.21-
nonane (136) as Instrous orange-red plates, mp 164-166°.

Procedure VII.- N-(4-Amino-1-naphthyl)-N-(2-diethylnnino-
erhyD)-2,2,2-trifluoroacetianide monohydrochloride (VIId) (9.8 g,
1.025 wwole) was diazotized wccording to procedure V. The
dinzovium sidt solution was added i1 one portion to a solntion of
3.6 g (0.025 mole) of 2-naphthol and 4.2 g of NaHCO; iy 200 mi of
water, 200 il of ethanol, and 200 g of ice coutaining o trace of
Carbownx stearate.  The temiperature was maintained at 5° for
»ohr, the mixtore was allowed to warm to rooni temperatine
overnight, and e red precipitate that separated was collected
by filtration, dried, and erystallized from 2-propanol. The
itermedinte N -(2-diethylaminoethyl)-2,2,2-triflioro-N-[4-(2-
bydroxy-1-uaphthylaso)-l-uaphthyllacetamide  weighed 9.2 o,
mp 158-162° It wiw suspended in a mixture of 100 ml of
ntetlianol and 50 vl of methanal containing 0.1 mole of NaOll
abd warmed to 60° when solntion oceiirred. The mixture wis
stirred at roowm temperature for 48 hr, excess solid COz was added,
and the irideseont dark green cerystals that soparated were col-
lected by Altracion, washed with water, and dried in wacuo.
The 1-[4-(2-diethylaminoethylmnino)-1-naphthylazo]-2-naphthol
(IXh, 203) thas obtained weighed 6.4 g (629% over-all), nip 146~
| A0°,

Procedure VHI. A cooled solution of 0.77 g (0.011 mule) of
NaXNO in 50 il of witter was ndded to a solntion of 4.0 g (0.0t
mole) of N-Clzanino- [-naphthyl)-N-(2-diethylaminoethyl)forni-
amide dihydrochloride (ViIe) in dilnte HCL  After 5 wmin, the
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- coms TEF diazonium salt solution was added at 0-5° with stirring to a solu-
GEBIREAREIRTER Z 238 tion of 1.6 g (0.011 mole) of 2-naphthol and 1.9 g (0.022 mole) of
L ERREENRTERO L, NaHCO; in 80 ml of water and 100 ml of ethanol. The reaction
g .. mixture was allowed to warm to room temperature and stand
£ DO D@ E LY W H S D \g 2 }Q overnight. The red precipitate was collected by filtration, dried,
R I B D A I R and crystallized from ethanol. The intermediate N-(2-diethyl-

S ° ‘—: aminoethyl)-N-{4~(2-hydroxy-1-naphthylazo)-1-naphthyllform-

<ZT amide (IXa) weighed 1.7 g (359%), mp 170-172°,

- =, Anal. Caled for CnHxN,O.: C, 73.61; H, 6.41; N, 12.72.
WEDRRIBRIZRIBE TET Found: C, 73.54; H, 6.66; N, 12.52,
fEBeCOOBocvRS G T2 Hydrolysis to 1-[4-(2-diethylaminoethylamino)-1-naphthyl-
2 == azol}-2-naphthol (IXb, 203) was accomplished by allowing a
TR ranzasosgngs St o solution of IXa in 2-propanol containing an excess of HCI to
FEudssddodddbns ZNE stand at room temperature overnight.

é e N-(2-Diethylaminoethyl)-N-(4-phenylazo-1-naphthyl )acet-
TS amide (VIb).—A mixture of 5.0 g (0.014 mole) of N,N-diethyl-

TEIsR2FEaEEes ) N'~-(4-phenylazo-l-naphthyl)ethylenediamine (VIa, 17) and 25
&E gapdgd g 28 s ; = ml of acetic anhydride was boiled under reflux for 1 hr, cooled,
£ o= and poured into an ice—water mixture. The mixture Wasdmade
=D » h e 2OC basic with NH,OH and the oily precipitate that separated was
ST EERRIIRIRAR g= extracted with ether. The combined ether extracts were dried

SERRESZEERRE ¥ \g 3 (K.COs), the drying agent was collected by filtration, and the

=< filtrate was evaporated to dryness. The residual oil was dis-
o=~ solved in petroleum ether (bp 30-60°) aud an orange-red solid
- < oz N o< was deposited as the petrolelim ether was allowed to evaporate
& S 2 . b= g8 = sloy\'ly in the air. After drying ¢n vacuo for 3 days, the product
< £, = T g 2= 0 weighed 3.7 g (669,), mp 69-72°.
i EQx o4 s~ 33 Anal. Caled for CoHauNO: C, 74.19; H, 7.26; N, 14.42,

<5 SELOL Do e Found: C,74.56; H, 7.28: N, 14.60.

= E 3 &_5 E:) é:‘ ‘:;— o N-(2-Diethylaminoethyl)-N-(4-phenylazo-1-naphthalenecar-

2q,., 3pT 5 Pa LEZ bamic Acid) Ethyl Ester (VIe)—The addition of ethyl chloro-

222225398 .S T 3 < formate (113 g, 1.04 moles) to 17.3 g (0.05 mole) of N,N-diethyl-

£2022z227 2ZZZz e N’-(4-phenylazo-1-naphthyl)ethylenediamine (VIa, 17) was

N SIERE ZEZ RETSE S < accompanied by an exothermic reaction and the teniperature rose

COoUTLOT0CsCd 55 3 to 50°. The mixture was heated on a steam bath for 2 hr and

= o‘A‘ cooled, and the residue dissolved in 250 ml of water. The mix-

* & ‘g E <+ ;."?‘ ture was made basic with NH4OH and the orange precipitate that

53k =Rl N e N N ol ’; = separated was extracted with ether. The conibined ether extracts

I~ — -~ &8 .- were washed successively with water and saturated agueous

I~ N—rd o TZ ":3 NaCl and dried (Mg80,). The drying ageut was separated and

Z z £2s EELs. oL mET the ether solution was concentrated to dryness in vacwo. The

E MEEmmPERREOxER = red, viscous residiie (20.0 g, 959) could not be induced to
Z. > crystallize and was used directly in the rediiction step.

Anal. Calcd for CstsoNqui C, 7174. H, 723, N, 13.39.

N=—
C
9 Anal
& Anal

o . R .
P o R28SELTIEHES S Found: C, 72.01; H, 7.23; N, 13.39.
O ~ g § ES N-(2.Diethylaminoethy!)-2,2,2-trifluoro-N-(4-phenylazo-1-
MY naphthyl)acetamide Monohydrochioride (VId)—Trifluoroacetic
o tg R anhydrilde (717 g, 0.367 mole)dwas adiled slowl()i' with stirring and
D oS external cooling to 50 ml of diniethylformamide and the mixture
2R E: == = & § ZEE 8 g Z5 was added over a period of 40 min with stirring to a solution of
Frioddagddaid ST E 106 g (0.306 mole) of N,N-diethyl-N‘«(4-phenylazo-1-naplithyl)-
Nrm=Sd-~8=3= oL ethylenediamine (VIa, 17) in a niixture of 200 ml of benzene and
D= 425 nil of dimethylformamide contained in a 1-1. flask fitted with a
zTEZ dropping funnel, thernmiometer, mechanical stirrer, and drying
aE = © tube. An exothermic reaction ensued and the temperature rose
:*:3 2 27 to 45°. The dark red. homogeneoiis reaction mixture_ was al-
S g€ lowed to cool to room temiperature and stand overuight. It
~ = E s L=ST was then poured into a briskly stirred mixture of 1 kg of ice and
_ 8 EE = == water and 425 ml of benzene. A cold soliition of 28.7 ml (0.430
= . 258z g,‘o’;“: g .~ mole) of concentrated NH4,OH aud 100 ml of water was then
25 % g g 28z CZELETE added to the stirred mixture and the aqueous layer was removed
R R N § in a separatory funnel and extracted with 50 ml of beuzene.
g EY. The benzene extract was combined with the original benzene
24 2 g layer aud the benzene solntion was washed snccessively with
RS- 2 SE 200 ml of water, 100 ml of water, aund 50 ml of saturated aqueolis
% 3 - < v NaCl. The beuzene soliition was dried (MgSQ,) and the drying
z s . =T 2QE agent was collected by filtration. The filtrate volume was 720
BT nil. A portion (625 ml) of the beuzene filtrate was treated with
= gf: PR 45 ml of a 5.8 N 2-propanol-HCI mixture and concentrated to a
- o £3 = Z . volume of approximately 400 ml. The mixtiire was allowed to
S 2R ESR35855F2-~2F cool slowly to room temperature and the orange crystalline
ZEEGE E 3 5 & 3 Sz z ) gLV = z precipitate that separated was collected by_ﬁltratior_l, washed with
sz 0% EEa benzene and ether, and dried 7n vacuwo at 50°; 105.9 g (83.5%),
SRS iiT s sds M O e CHLENOHCE C 6018 H, 57
=300 janiliand a0 2= .o nat. ale or g o B gIN U : , . ; , 9.4,
S2CCRCRRREEE EF X o g, X, 11.70. Fonnd: C, 50.98; H, 5.54; CL 7.58,
2T N, 11.69.
G e mNm e onD o é E = N-(4-:Aminq-1-naphthyl)-N-(2-d{ethylaminoethyl)acetamide
Z SR553558888Am ¢ == (VIIb)..—‘\—(2-D1ethylam1uoethy1)— N—(4—ph(.311y1azo—1‘—11aphthy1)-
SEGES] acetaniide (VIb) (91.0 g, 0.234 niole) was dissolved in methanol
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and hydrogenated over 3 g of Raney nickel at an initial hydrogen
pressure of 3.5 kg/em?  The catalyst was collected by filtration
and the methanol solution was poured into 180 ml (0.12 mole)
of 4 N ethanolic HCI. Volatile materials were removed in
racuo and the residue wus crystallized snccessively from 2-
propanol and methanol to give 60.0 g (76°%) of the hiydrochloride
sult as off-white crystals, mp 230° dec. For analysiz, a small
sample was converted to the free base, mp 68-71°.

Anal. Caled for CsHaN;O: €, 72.20; I, 8.42; N, 14.03.
Found: C,71.94; H, 8.43; N, 14.04.

4-Amino-N-(2-diethylaminoethyl)-1-naphthalenecarbamic
Acid Ethyl Ester Dihydrochioride (VIla).-—N-(2-Diethylamino-
ethyl)-N-(4-phenylazo-1-naphthalenecarbamic acid) ethyl ester
(Vie) (20.0 g, 0.048 mole) was dissolved in 250 ml of nbsolnte
etlianol and hydrogenolyzed over 3 g of Raney nickel at an initial
liydrogen pressure of 3.5 kg/em?  The catalyst wis removed by
filtration and volatile materials were removed 7w vacuo. The
dark residue was dissolved in 200 nil of 2-propanol and the solu-
tion was treated with 35 ml of 4 .V ethauolic HCl.  The hydro-
chloride salt was precipitated by the addition of anhiydrous ether
and the dull pink solid was collected and dried; 16.0 g (8347),
wp 212-213°.

Anal. Caled for C)HsN;O.21ICL: €, 56.71; H, 7.26;
Cl, 17.62; N, 10.44. Tound: C, 56.57; H, 7.54; Cl, 17.41:
N, 10.54.

N-(4-Amino-1-naphthyl)-N.(2-diethylaminoethyl )-2,2,2tri-
fluoroacetamlde Monohydrochloride (VIId).—N-(2-Diethyla-
witoethyl)-2,2,2-trifluoro-N-(4-phenylazo-1-naphthyl)acetamide
monohydrochloride (VId) (88 g, 0.184 mole) was dissolved in 600
ml of methanol and hydrogenolyzcd at 23-35° at au initial hydro-
gev pressiire of 3.5 kg/em?in the presence of 5 g of Raney nickel.
The solvent was removed on a rotatory evaporator while main-
taining the temperatiire below 45° nnd the residiie was triturated
with auhydrous ethier. The precipitute was collected by fil-
tration, washed with ether, and dried i vacuo at 50°. Crystal-
lization from ethanol gave 65.9 g (Y2¢7) of colorless crystals, mp
215-218°,

Anal.  Caled for CigHeF:N;O-HCL: C, 55.45; H, 5.95; N,
10.78  Found: C, 55.42; H, 5.82; N, 10.80.

N-(4-Amino-1-naphthyl)-N-(2-diethylaminoethyl)formamide
Dihydrochioride (VIIe).—A mixture of 25 ml of formic acid, 60
ml of acetic auhydride, and 200 wl of tetrahydrofuran was
stirred and heated on a stean bath for 2 hr, and to it was added
50.0 g (0.45 mole) of N,N-diethyl-N’-(4-plienylazo-1-uaphthyl)-
ethylenediamine (VIa, 17). The mixtiire was heated under refliix
with stirring for 24 hr and volatile materials were removed
in vacuo. The residue was suspended in aqueons NaOH solution
and the mixture was extracted with ether. The combined ether
extracts were dried (XK,CO;), the dryiug agent was collected by
filtration, and the ether filtrate was evaporated to dryness
in vacuo.  The viscous red oil thus obtained (47.0 g, 8657) could
uot be induced to crystallize and the crude N-(2-diethylamino-
cthyl)-N-(4-phenylazo-1-naphthyDformamide (Vle) was uscd
directly in the hydrogenation step.

A solittion of 47.0 g (0.126 mole) of the crade formarnide (Vie)
11 300 ml of methanol was hydrogenated over 1 g of Raney nickel
at an initial hydrogen pressire of 3.5 kg /em?  When the theoret-
ical amonnt of hydrogen had been absorbed, the catalvst was
remtoved by filtration and the filtrate was concentrated to
dryness {u racuo. 'The residue was dissolved in 2-propanol and
the hydrochloride salt was precipitated by the addition of an
excess of a IICl-2-peopanol mixtiore. The prodnet was col-
lected by filtration and dried in racio at 40°; 43.4 g (959;), mp
150° dee.

Anal.
.12, N, 11.52; HLO, 1.63.
1113 1,0, 2.13.

N,N-Diethyl-N’-(1-phenylazo-2-naphthyl)ethylenediamine
(XIID).—Auiline (7.9 g, 0.085 nole) was diazotized and coupled
with 20.7 g (0.085 mole) of 2-(2-diethylaminoethylamino)naph-
thalene!0.?” according to procedure I. The prodnct (XIII) was
obtained as red crystals from 2-propanol; mp 78-79°, vield
205 g (T39).

Anal. Caled for CallsNy: () 76.206; M, 7.07; N, 16.17.
IF'ound: C, 76.27; 1I, 7.70; N, 16.21.

2-(4-Phenylazo-1-naphthyloxy)triethylamine Monocitrate
(XIV).—A mixture of 24.8 g (0.1 inole) of 4-phenylazo-1L-uaphthol,
17.2 g (6.1 wwole) of 2-chilorotriethylainine hydrochloride, 10.8 ¢

Caled for CurllgN;O-21CL-0.33 11,0:  C, 56.20; H,
Foomd: €, 56.59; 1, 7.83; N,

20 DA Teak and UL 10 Watkins, J. Clean. Seed, 145 (100505,
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(0.2 nole) of sodium methoxide, and 200 ml of ethanol wus boiled
nnder reflny for 24 hr. The ethanol was removed in racuo,
and the residue wns freated with an excess of nqueous NaOI
and extracted with cther. Tlie comnbined etlier extracts were
dried (Nn.80)), the drying agent was collected by filiration, and
the erher was removed in vacuo. The residue was dissolved in
wnrm ethavol aud treated with an excess of citrie acid in etlianol.
Upon cooling, the evade produet separated, mp 140-143° dec,
Crystallization from ethanol-ether gave 14.6 g (27%) of ornuge
eryatals, 1inp 143-145° dee.

Anat. Caled for CoHaN;0-CsH0;: C, (232
N, 7.79. Fouud: C,62.41; I, 6.30; X, 7.09.

N,N-Diethyl-N'‘-(4-phenylazo-1-naphthyl )ethylenediamine N-
Oxide Dihydrochloride (XV).—To a solution of 17.3 g (0.05 wiale)
of N, N-diethvl-N’+(4-phenylazo-1-naphthyl)ethylenediauiine
(VIn, 17) in 500 ml of dry CHCls was added slowly with stirring
a 2olation of 8.9 g (0.05 mole) of perbenzoic acid® in 100 il of
CTICL:.,  The reaction was mildly exotherniie and the tompera-
ture rose to 30°. After 3 hr, the chloroform was removed
7 eacuo in the presence of platinum foil, and the residne was dis-
solved in 2-propanol and treated with 5 il (0.047 mole) of «
347 2-propanol-TICl mixture. Upon cooling, the dark red
precipitate that separated was collected by filtration and dried
in racio at 40° for 72 e, The product weighed 6.9 g (31%). mp
1a5-157°.

dnal.
1257 TLO, 0.0
0.1,

H, 6.18;

Caled Tor CalyuN0-2HCL €, 60.69; I, 6.48; N,
Found: C, 60.69; I, 6.36; N 12.60; H.0,

Diethylmethyl|2-(4-phenylazo-1-naphthylamino)ethyljam.
monium lodide (XVI).——A mixture of 5.0 g (0.0145 mole) of
N, N-diethyl-N’-(4-phenylazo-l-naphthyl)ethylenediamine (VlIu,
17) and 5.0 g (0.0352 wmole) of nmethyl iodide was heated on a
steam bath for 15 min, then dissolved in 500 ml of hot ethanol.
Upou cooling, o deep red solid separated weighing 3.8 g (54%),
mp 191-193°,

Anal. Caled for CslaINg: C, 56.56; H, 5.08; N, 11.47.
Found: (, 56.60; M, 5.66; N, 11.34.

N-(2-Bromoethyl)-4-phenylazo-1-naphthylamine.---N-(2-Bro-
moethyl)-l-naphthylamine hydrobromide? (33.1 g, 0.1 mole)
was dissolved iv # mixture of 420 ml of methanol and 100 1l
of ethanol on a stemu bath and the solition was cooled to —2°,
Aniline (9.3 g, 0.1 mole) was dissolved in a mixture of 200 ml of
water and 26 ml (38.4 g., 0.23 mole) of 489 HBr, and 100 ml of
ethanol was added. The aniline hydrobromide solution was then
cooled to ~1° and was slowly treated with a cold solution of
6.9 g (0.1 mole) of NuNO; in 60 ml of water with stirring so thai
the temperatire was naintained below 2°. After 10 min, a
test for nitrous acid (Kl-starch paper) was essentially negative
and the diazonium =alt solution was added to the stirred solution
of the naphthylamine salt at such o rate as to maintiin the tem-
peratire below 7°.  The purple reaction mixture wis stirred at
0-h° for 3 hir, 250 wl of cold water was added, and the mixtnre
wis allowed to <tand overnight. The green precipitate was
collected by filtration, washed thoroughly with water, and sus-
pended in amixtire of 600 ml of CHCL; and 500 ml of 5% aqueous
NaOH. The mixture was stirred for 1 hr aud the red chilovofprmn
laver was separated and dried (MgS80,). The drying agent was
collected by filtration aund the chloroform solution was conecen-
irated to 150 ml uud diluted with 150 1nl of ethanol. The
resulting solution was concentrated to approximately 100 ml and
petroleunt ether (bp 30-50°) was added to the cload point,
Upon seratehing, the product crystallized as golden brown
needles, The precipitate was collected by filtration and dried
moracko a1 0H°: 21.6 g, mp 93-95°. A second erop was obtained
by concentration of the filtrate, 7.1 g, mp 93-95°; total yicld
28.7 ¢ (8190,

Anal.  Caled for CilleBrNy: €, 61.02; 11, 4555 N, 11.8t.
TFound: C, 61.31; H, 4.69; N, 12.05,

1-Chloro-3-(4-phenylazo-1-naphthylamino )-2-propanol.-—Ani-
line (4.64 g, 0.05 mole) was diazotized and coupled with 13.6 g
(0.05 mole) of 1-ehloro-3-(1-naphthylamino)-2-propanol?® ntiliz-
ing the conditions deseribed under procedure I. The crinde dye
was extracted with CHCI, the combined ehloroforni extracts
were dried (K.COs), the drying agent was collected by filtration,
and the CHCL, filtrate was evaporated to dryness. The residue

2% 1L Gihimas and AL T Blad U Orzame syntheses,” Coll, Vol 1, dohn
Witey and Spns, Ine, New York, N Yo 16, p 431
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Pavtear, 44, 719 (19300
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was crystallized from etlianol to give 12.2 g (729,) of a reddish
brown solid, mp 140~141°.

4nal. Caled for C\gH;sCIN,O:  C, 67.15; H, 5.34; Cl, 10.44;
N, 12.37. Found: C, 67.45; H, 5.55; Cl, 10.58; N, 12.26.

1-Chloro-2-methyl-3-(4-phenylazo-1-naphthylamino)-2-pro-

panol.—Utilizing the procedure described above for the prepara-
tion of 1-chloro-3-(4-phenylazo-1-naphthylamino)-2-propanol,
aniline (3.25 g, 0.035 mole) and 1-chloro-2-methyl-3-(1-naphthyl-
amino )-2-propanol®® (10.0 g, 0.035 mole) gave 7.8 g (639%) of
waroon crystals, mip 130-131°.

_'{nal. Calcd fOI' CongoCleOI C‘ 6788, H, 570, N, 11.88,
Found: C, 67.98; H, 5.67; N, 12.05.
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Reactions of Mercaptoamines.
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Awrraur I ['Breis,® O. LERoy SALERNI,* AND BEVERLY A. ScHuTZ

Midwest Research Institute, Kansas City, Missouri

64110

Received September 29, 1965

As part of a program on the synthesis of antiradiation drugs, a four-step novel synthesis of N-monostibstitiited
2-mercaptoethylamines has been developed. The synthesis involves (1) conversion of 2-mercaptoethylamine by
reaction with nitriles to 2-substituted 2-thiazolines (1), (2) quaternization of the thiazolines by tosylate esters to
thiazolinitim salts (II), (3) alkaline hydrolysis of the salts to an N-(2-mercaptoethyl)acetamide derivative (I1I),
and (4) hydrolysis of the amides in concentrated HCI and glacial acetic acid to N-monosubstituted 2-mercapto-

ethylamines (IV).

Because of the potential use of 2 mercaptoethyl-
amines as antiradiation drugs,®-% it has become im-
perative that additional synthetic routes to compounds
of this class be devised.

Previous studies of the reactions of mercaptoamines
have shown that many compounds capable of reacting
with the amine function also react with the mercaptan
function.? ' In the work reported here, a method was
devised for protecting the mercaptan function in 2-
mercaptoethylamine, allowing the amine funection to
react, and then regenerating the free merecaptan. N-
Monosubstituted 2-mercaptoethylamines were thereby
obtained.

CH;CN ~ROS0,C:H,CH;
HSCH,CH,NH, ——» ZROROLAC
TROR )CH3 CH,Ci
NaOH
then H,0*
—————-

rjgm p- % +SCH,CH,

HSCH,CH,NRCOCH, I HO-HOAc  HSCH,CH,NHR
I 2. Na,COy v
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Two recent investigations have independently shown
that 2-mercaptoethylamine reacts with nitriles to give
2-substituted 2-thiazolines.'''!'? It had been shown
earlier that 2-thiazolines are quaternized with alkyl
iodides or p-toluenesulfonates.!® It was found that
low molecular weight alkyl iodides indeed gave good
vields of solid quaternary thiazolinium iodides when
heated with 2-methyl-2-thiazoline (I) in refluxing
absolute ethanol. However, when more complex
halides were used, the reaction appeared to be sluggish.
Benzyl chloride and 2-bromoethylamine hydrobromide
both gave ill-defined syrups with 2-methyl-2-thiazoline,
and chloroacetone gave a tarry product. It became
apparent that only aective alkylating agents would
serve to quaternize the thiazoline. Since esters of p-
toluenesulfonic acid ('‘tosylates'") are known to be
more effective in displacement reactions than alkyl
halides (i.e., the tosylate anion is a better 'leaving
group' than any of the halide anions), they seemed a
likely choice for the thiazoline quaternization. In the
first experiments, refluxing absolute ethanol was used
as solvent and ethyl and n-heptyl tosylates were the
alkylating agents. The same solid product was
obtained in both reactions, and it proved to be the
simple tosylate salt of 2-methyl-2-thiazoline. From
the reaction with heptyl tosylate, a liquid product was
isolated and identified as ethyl n-heptyl ether. The
isolation of this compound provided a basis for ex-
plaining what had happened in these reactions. The
tosylate ester had alkylated the solvent in preference
to the thiazoline, and the latter had acted merely as
an acid acceptor. When refluxing dry acetonitrile
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