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ester, which erystatlized from 505 LEtOII as white ncedles, wp
H6-117°.
3,5-Dialkyl-4-(4-aminophenoxy )phenyl-ni-alanines (Table

111, 19-20).—Diethyl 4-(4-aminvarvioxy )-3,5-dilkyibenzylicei-
snidomalonate (18, 14; 0.005 mol) was heated nnder refinx
with 50 nil of 506, HaS04 for 4 hr. Ou cooling, white plates of
the hydrared sulfate salt pptd.  The salt was reerystd from 1,0
catttaining a few drops of HeSO,.

3,5-Dialkyl-3’-halo-vL-thyronines (Table 11, 21-24).-—To the
A,0-dialkyl-pi~thyrouines (16, 17; 0.4-0.8 mmol) dissolved i 10
wl of vigorously =tirred 40¢5 MeNl1l: malutained at 5-10° was
quickly added 90-100%7% of the caled smount of Ty as a2 1.V solu-
Gon in aq KLY Stirering was contited for 10 min after 1he
addition was complete. The solntion was adjusted to pll 5 with
concd HCL  The pptd 3°-1 derivatives (23, 24) were collected hy
filtration and purified by several isoclecteie pplus froumr 107
NaOH =olution by adjnsting the pH to 5.0 with coned HCL

The »’-Br decivarives (21, 22) were prepared by dropwise wldi-

17y B CUodnrgense and Ro AL Wiley, . Pheom. Se,, 52, 122 (10655,
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tionn of Bry €176 g, .10 nuol) e d ml of AcO 1o o solution
(mdeained gt 50-60°) of 3 5atialkyl-oi-thyronive (16, 17:
1.0 tavol) e 50wl ool AcOT containing a fow dmps of voroad
HCL™  Fifreen woinites after addition was eomplet, the solhidion
wi (leeolorized wich sodimmn wetabisulfive, dilnted with 11.0) and
adjisied (o pIE 37 witd 2070 NaOAe. The ppt was washed with
H.O, dissolved v wg 0O eontaining o (ew drops of oo
HCL sl reprreeipitated ae pH o H.0 witde 2060 NaO A
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5-(Mono- and Dialkylamino)-2-nitrosophenols,

2-Amino-5-(dialkylamino)phenols, and Related Compounds!
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Various 3-(nonn- and dialkylaming)-2-1dtrosophenols VIIT were preparell by nitrusatiou of the corresponding

m-(mouo- and diatkylamino)phenols.

The latter intermedintes were obtained by heating resorcinol with an
excess of the appropriate amitte at 200°, or by alkylation nf m~-aminopheuol with an alkyl halide.

3-(Dimethyl-

amino)-2-uitrosophenol (8), 3-(diethylamino)-2-uitrosophenol (9), 2-uitroso-5-(L-pyrrolidinyphetol (7), al

2

2-amino-5- (diethylamino)phenol (17a), a potential metabolite of 9, displaved strong schistosomicidal avtivity

aud effected a 70-1009, reduction of adule Sehistosoma mansont i imice at daily doses of 177 -568 g /kg for 14

days.

Structure-netivity relationships are simmarized, aud information concecning poteutinl nuetabolites and

the possible miode of action of the mitrosophenols ix discussed.

The potent chemotherapeutic ctfects of various N,.¥-
dinlkyl-N'-(4-arylazo- and 4-heterocvelie azo-l-naph-
thylalkylenediamines (I)?~? and the eorresponding N-

(dialkylaminoalkyl)-1,4-naphthalenedinmines (I
NHYNR,R, NHYNRR.
N=NAr or Het NH.
I 11

against infectious of Schistosorna manswii and S. japoni-
cwin in experimental animals stimulated the synthests

11) For paper XV, see L. I, Llslaper. M. V. ait, and L. M. Werbel,
J. Med. Chem., 13, 542 (1970).

(2) E. F. Elslager, D. B, Capps, L. M. Werbel, D. . Worth, I. E, Meisen-
tielder, H, Najariau, and P. E. Thowmpsan, ibid.. 6, 217 (1963).

(3) E. ¥. Elslager, D. 13, Capps, 1), H. Kurtz, L. M, Werbel, awl D). F.
Worth, tid., 6, 646 (1963).

i4) 8. T.Clh'en, I. F. Clhi'en, P. C. Kun. Y. ¢, Hu, J. H. Yao0, and ‘. 11.
Chou, Yao Hsueh Hsueh Puao, 13, 30 (19686).

3) E. F. Elslager, D. B. Capps, D. H. Kurtz, F. W. Short, L. M. Werbel,
and D. F. Worth, J. Med. Chem., 9, 378 (1966).

(6) A. Korolkovas. Rev. Fac. Farm. Blogquim. Univ. Seo Puulo, 8, 5 (1467}

(7) E.F. Elslager, D, 13, Capps, D. 1I. Kurtz, aml D. F. Wortl, J. Med.
Chem., 11, 1201 (1968).

(8) A. Korolkovas, Rev. Fae. Fierm. Biogaire. Univ. San Paxle, 6, 117
(1368),

(4) L. F. Elslager and A, A, Vhillips, J. Med, Chem., 12, 319 (1969).

(10) B, F. Elslager, 1). B, Capps, L. M. Werbiel, D, 7, Wirceh, J. .
Meisenhelder, and P. L, Thowmpsou, d¢1d., 7, 487 (10ad).

af various N, N-dialkyl-& ‘- (4-nitroso-1-naphthyljalkyl-
encdinmines (111) chat also displayed strong anti-

NHYNR.R, NYNRR,
=
QO ~C
NO NOH
138 A%

schistosonie properties.tt The fitter substances exist in
a higher oxidation state than the naphthylamine derivi-
tives II, and also have the potentinl to exist in the
tantomerie quinotd strueture IV, o form possibly
neeessary for biologieal netivity within these series .12
Moreover, 4-unitroso-l-naphthol (V). whieh ix tau-
tomeric with 1, 4-paphthoquinone monoxime (VI), has

OH O

Q0 - 1)

NO NOH
v Vi

11 Lo ML Werel, BV, Klddaver sonl DL UL Waorth, ibid., 11, DI 72 Mis .
)12y G, L Blsteers, D) Capps, and Lo 31 Worlsel, 7607, T, 638 (104643,
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been proposed as a likely metabolite of the N,N-di-
alkyl-N’-(4-nitroso-1-naphthyl)alkylenediamines (III)
and exhibits significant activity agaiust S. mansont
in vitro and in mice and monkeys.!''! The present
communication describes a further extension of this
work, namely the synthesis of representative 5-(mono-
and dialkylamino)-2-nitrosophenols and related sub-
stances. Several of the 35-(dialkylamino)-2-nitroso-
phenol derivatives and 2-amino-j-(diethylamino)phenol
displayed noteworthy activity against S. mansoni in
mice, but none was more promising than 1-{3-[(4-
nitroso-1-naphthyl)amino Jpropyl}piperidine (VII) de-

scribed previously.!!
NH(CH,),N )

Q0

NO
VII

Chemistry.—The 5-(mono~- and dialkylamino)-2-
nitrosophenols (VIII) (6-14, Table I) were obtained in

NR,R, NR,R,
Mm
VIII

14-799; yield by nitrosation of the corresponding m-
(mono- and dialkylamino)phenols utilizing the general
procedure described by Mohlau'® in 1892 for the prep-
aration of 5-(dimethylamino)-2-nitrosophenol (6) and
5-(diethylamino)-2-nitrosophenol (9) (procedures IV
and V). These compounds are tautomeric with the
corresponding o-benzoquinone monooximes (IX). The
uv absorption properties of 6 have been investigated in
detail by Burawoy and coworkers.!* These authors
concluded that in all of the solvents used (CCly, Et,0,
C¢H;s, CHCIL;, EtOH, and H,0) absorption bands due to
each of the tautomers VIII and IX were present.
Each of the compounds (6-14) now reported gave con~
sistent curves in MeOH, with maxima at 402 and 330
my (neutral), 390 (alkaline), and 410 and 331 (acid).
As expected, the ir curves indicated very strong H
bonding due to the ortho substituents of the tautomers
VIII and IX.¥® Curves from 7 and 9, for example,
showed no OH absorption (CHCl; and CCly) in the
3500-3600 ecm~! region and only a suggestion of very
broad bands in the 1800-2600 em~—! region. In addi-
tion these curves also exhibited a strong somewhat
broadened absorption peak at 1630 ecm~1.

The intermediate m-(mono- and dialkylamino)-
phenols (1-3, 5, Table II) were obtained in low yield
(7-239,) by heating resorcinol with an excess of the
appropriate amine at 200° (procedures I and III).1

(13) R. Méhlau, Ber., 25, 1055 (1892).

(14) A. Burawoy, M. Calis, J. T. Chamberlain, F. Liversedge, and A. R.
Thompson, J. Chem. Soc., 3727 (1955).

(16) E. D. Amstutz, I. M. Hunsberger, and J. J. Chessick, J. Amer.
Chem. Soc.. 73, 1220 (1951);: P. M. Boll, Acta Chem. Scand.. 12, 1777 (1958);
D. Hadzi, J. Chem. Soc., 2725 (1956).

(16) 1. G. Farbenindustrie Aktiengesellschaft, British Patent 274,058
(1928).
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Alternatively, m-{ [2-(diethylamino)ethyl]amino}phe-
nol (4, Table II) was prepared by alkylation of m-
aminophenol with 2-chlorotriethylamine in CsHs in the
presence of K;CO;.'® The nitrosation of m-ethoxy-
N N-diethylaniline afforded 3-ethoxy-N,N-diethyl-4-
nitrosoaniline (15) in 669 yield, while 5-(diethylaniino)-
2-(phenylazo)phenol (16) was obtained in 679 yield

N(C,H,), N(C,H.),
:t ~OCH, i:\
N_NQ

by coupling m-diethylaminophenol with PhN,ClL.  2-
Amino-5-(diethylamino)phenol (17a)'C and 2-amino-5-
morpliolinophenol (17b), which represent potential
metabolites of 5-(diethylamino)-2-nitrosophenol (9) and
5-morpholino-2-nitrosophenol (8), respectively, were

NR,R,
OH
NH,
17a, NR,R, = N(C.H, ),

b NRR,=N 0
/

synthesized in 26 and 589, yield by the catalytic
hydrogenation of 9 and 8 in MeOH over Raney Ni.

A variety of commercially available analogs!®
(Table IIT) of the 5-(mono- and dialkylamino)-2-
nitrosophenols (VIII) were also procured to enable a
broader delineation of structure-schistosomicidal rela-
tionships. Key compounds among them included N ,N-
dimethyl-p-nitrosoaniline (18a), N,N-diethyl-p-nitroso-
aniline (18b), p-nitrosophenol (19), 5-methoxy-2-
nitrosophenol (20), and 2-hydroxy-p-benzoquinone
1-oxime (21).

Biology.—The compounds described in the present
communication were tested in mice against a Puerto
Rican strain of S. mansoni?1® by Dr. Paul E. Thompson
and coworkers of these laboratories. Drugs were given
in a powdered diet for 14 days and drug amounts are
expressed as free base. When indicated, expanded
studies were carried out against S. mansoni in vitro or
in Rhesus monkeys. Several of the 5-(dialkylamino)-2-
nitrosophenols (6, 7, 9-12, Table I) exhibited significant
antischistosome activity in mice (Table IV). Among
them, 5-(dimethylamino)-2-nitrosophenol (6), 2-nitroso-
5-(1-pyrrolidinyl)plienol (7), and 5-(diethylamino)-2-
nitrosophenol base (9), hydrochloride (10), and 1,5-
naphthalenedisulfonate (11) displayed strong schisto-
somicidal activity and effected a 97-1609, reduction of
live schistosomes in infected mice at doses ranging from
276 to 568 mg/kg per day when administered orally in
the diet for 14 days. 2-Amino-5-(diethylamino)phenol

(17) R. L. Bent, J. C. Dessloch, F. C. Duennebier, D. W, Fassett, D. B.
Class, T. H. James, D. B, Julian, W. R. Ruby, J. M. Snell, J. H. Sterner,
J. R. Thirtle, P. W. Vittum, and A. Weissberger, J. Amer. Chem. Soc., 78,
3100 (1951).

(18) These analogs were purchased from Distillation Products Industries,
Division of Eastman Kodak Company, Rochester, N. Y,

(19) For a description of test methods, see P, E. Thompson, J. E. Meisen-
helder, and H. Najarian, Amer. J. Trop, Med. Hyg., 11, 31 (1962).
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Tane 1
H=(MONO- AND DALY LAMING F2-NITROSOVIENOLS"

RR.N NO
OH
Yiebl
porified, orifieaiion -
N NR{R: Mp, v 4 snlvent roednre Carmly il
6 N(CHj)s 169-1704 ( MceOH ¢ CHuNLO, 1L N
7 \Q 147-149 71 i~Prot I CutTL N0, ¢ 1L N
b N\_/“ 172-173 7 MeOll I Cul T NGO, G, H, N
9 N(Cely), BN-D0) 74 PeOM I Crlh N0, CoOLN
10 N(CoHon 17334 70 EOH-E,0 1AY CiptaNL,0.- 1A ¢ H,ClON
11 N(Clli)y 27H=280 77 I IV CiHhaNaO.- C N
0.5CHZO S,
s
12 \\::> 106-110 14 -Protl v Colh N0, oo N
I NH{CHL )N (Col Loy 128 68 J v CrdaN0 - 21 CE JIL N
i N (CHy)(CH2)eN (Cyll, e 15T 7 -PrOl \ Cral1aN,05 - 211C JHLN

“ Cotapounds ranged from yellow-green to purple.

S Conpouands melted withe decotposition.

“See cef g,

mp  [64H°.

¢
¢

IR RINE]
N

¢ Pnrchased from Aldrich Chemical Co. and recrystallized. o Lit.%mp 170°, 2 Not recrystallized. 7 N: culed, 1355,

found, 13.00. 7 Triturated with boiling Me,CO.

£ Lk rp 84°,

Tasue 11
M-I MONO- AND DIALKYLAMINO IPHENOLS

R,R,N
Yieht

porifiest,
Nua. NR Ry Mp. °C vy
! N(:l 120-131 S
= X =131 16

/

f N ) 14118 7
+ NH(CH:):N(Cyl1;): 130-132 dec 30
0 N(CH;)(CHu 1N (Calls e 119-146 dec 23

v See ref 39.

dihydrochloride (17a) also possessed stroug seliistosoimn-
icidal activity and reduced the live worm burden S99
at a dose of 177 mg/kg (Table I11). These compounds
were, therefore, comparable with or superior to lucan-
thone hydrochloride,'? the tris(p-aminophenyl)car-
bonium salts,'9:2t 4 4’-(heptamethylenedioxy)dianiline
dihydrochloride,??2*  N-[5-(p-aminophenoxy)pentyl]-
phthalimide,?¢ and 3-[4-(3-chloro-p-tolyl)-1-piperazinyl-
carbonylJacrylic acid® when tested under comparable
experimental conditions.'* All other analogs, including
the m~(mono- and dialkylamino)phenols (1-5, Table
II), several of the 3-(mono- and dialkylamino)-2-nitroso-
phenols (8, 13, 14, Table I), 3-ethoxy-N,N-diethyl-4-
nitrosoaniline  (15), 5-(diethylamino)-2-(phenylazo)-
phenol (16), 2-amino-3-morpholinophenol (17h), and
18a, 18b, and 19-21 lacked appreciable antischistosonie

(20) W, Kikuth and R, Gonnert, Ann. Trop. Med. Parositol., 42, 256
(1948},

121) Y. F. Elglager, T. W. Short, . V. Worth, J. i, Meisenhelder, 1.
Najarian, aml P, E. Tthowmpson, Nature, 180, 628 (1961).

122) (*. G. Raison aud O. D. Standen, Brit. .J. #hormocol.. 10, 191 {19551,

123) R. F. Collins, M, Davis, N. D, Edge, awl J. Hill, 7b7d., 18, 238 11958).

(L) R. 1. Collins, M. David, N. D. Edge. J. Hill, ., ¥, Reading. awl
E. R. Tarabull, ¢bid.. 14, 467 (1951).

(25) (. Lawmnler, Z. Propenmed. Hritol., 9, 294 (1058).

OH
Purificatinu Py

sulvent cedore ormla REAIA
FiOH-H.0 ] CiolhiyNO UL N
-Protl I CilliyNO, O, N
~1ProH-1,0 1 ChHNO 1, N
-PrOoH-LEu0 1 ChaHayNLO - 21 CL 11 ClLN
i-PrOnl 11 CHa N0 2HCL C O, CLN

effects when administered to mice at high dose levels
ranging from 220 to 1166 mg kg per day for 14 days
(Tables TIT and TV).

J-(Diethylamino)-2-nitrosophenol hyvdrocliloride (10)
wis one of the most promising sehistosomicides in mice
and was therefore designated for expanded chemo-
therapeutic and toxicological cvaluation. Against S,

N(C.Hy),
HC
OH
NO
10

manson? infections i Rliesus monkeys, the drug enused
strong permanent egg suppression when administered
in gavage doses of 50 or 100 mg/kg per day for 10 to 20
days, but wus not curative.’  The nitrosophenol
produced ouly slight to modernte cgg suppression at
daily gavage doses of 25 mg kg given for 5 or 10 davs.
S=(Diethyvlamino)-2-nttrosophenol  hivdroehloride also
killed 10-week old male aud fenale S, mansord 1o viteo
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Tasre 111
EFricys or 2-AMINO-5-(DIALKYLAMINO)PHENOLS AND OrHER RuLativiss OF THE
5-(MoNO~ AND DIALKYLAMINO )-2-N1TROSOPHENOLS AGAINST S. mansont IN Mick

No. Structure
15 (C.H)N NO

OC.H,

16 (C‘SH'a)A:\'@.N:NCeH;
OH
17a (C_.Ha)zN—€>271\;Hz
OH
17b 0O N NH
O~

OH

18a \CH)JN~—©—N()

18b (CH,),N NO

19 HO —@—NO

21 o=<:2=_\;o}1

1 D represeuts drug-diet, G represents gavage.

within 3-18 hir at a concentration of 50 ug/ml and within
18-50 hr at 12.5 ug/ml.'®

Potential Metabolites.—1,2-Naphthoquinones in-
hibit the glyeolysis of adult S. manson: n vitro at low
concentrations.? A similar mode of action can be
reasonably postulated for 5-(diethylamino)-2-nitroso-
phenol and related substances which are tautomeric
with the corresponding o-benzoquinone oximes IX.
Alternatively, the schistosomicidal effects of 5-(diethyl-
amino)-2-nitrosophenol can be accounted for by assum-
ing metabolic conversion into the reduction product
2-amino-3-(diethylamino)phenol (17a) which similarly
shows strong activity against S. mansoni in mice
(vide supra). Further studies have demonstrated that
2-amino-3-(diethylamino)phenol also kills 10-week old
male and female S. mansoni in vitro within 2-70 hr at
drug concentrations of 12.5-50 ug/ml. Conversely, the
antischistosome effects of 2-amino-5-(diethylamino)-
phenol may be due to metabolic oxidation to ¢-benzo-
quinone derivatives.

The effects of other simple aminophenol and phenyl-
enediamine derivatives on S. mansoni were also in-
vestigated. p-Aminophenol hydrochloride, which can
presumably be converted into quinoid products in vivo,
was inactive against S. mansoni in mice when ad-
ministered in the diet for 14 days at a high dose (377
mg/kg), but killed schistosomes ¢n vitro within 60-84 hr
at concentrations of 2.5-10 ug/ml. Although p-amino-
phenol or substituted p-aminophenols have not been
demonstrated to be metabolites of the orally active p-
aminophenoxyalkane schistosomicides,?2—24:27-29 jt ig

(26) E. Bueding and L. Peters, J. Pharmacol. Ezp, Ther., 101, 210 (1951).

(27) O. D. Standen, Trans. Roy. Soc. Trop. Med. Hyg., 49, 416 (1935).

(28) See R. F. Collins, V. A. Cox, M. Davis, N. D. Edge, J. Hill, K.
F. Rivett, and M. A. Rust, Brit. J. Pharmacol. Chemother., 28, 248
(1967), and previous papers.

Drug Live schistosomes————
Route X days?® mg/kg per day % mice pos % redn
D X 14 274 100 2
D X 14 293 100 0
D X 14 177 60 90
G X 10 100 67 45
G XH 100 90 47
D X 14 334 100 0
DX 14 215 100 0
DX 14 220 100 11
D X 14 323 100 0
DX 14 470 100 3
G X 10 200 100 0
DX 14 307 100 0
D X 14 377 100 0

known that the phenoxyalkanes possess only low
schistosomicidal activity in vitro® and exert their action
through a combined effect on the parasite and on the
host.?"+3¢ Therefore, it is not unreasonable to postulate
that p-aminophenol metabolites may be implicated in
the mode of action of these drugs.

Among the phenylenediamines, Nabih and Helmy?!
recently reported that p-phenylenediamine when ad-
ministered by gavage at 80 mg/kg b.i.d. for 15 days
killed adult S. mansoni and rendered eggs nonhatchable.
In the course of earlier work in these laboratories relat-
ing to the antischistosome properties of N-(dialkyl-
aminoalkyl)-p-phenylenediamines®? and N-(dialkyl-
aminoalkyl)-1,4-naphthalenediamines,® we had occa-
sion to test both p-phenylenediamine and 2-methoxy-p-
phenylenediamine by drug-diet against S. mansoni
infections in mice.’®* Neither compound exhibited
appreciable antischistosome effects when administered
at doses ranging from 125 to 630 mg/kg per day for
14 days.

Several highly colored metabolites of 5-(diethyl-
amino)-2-nitrosoplhenol hydrochloride (10) were found
in the urine of rats and Rhesus monkeys that had been
dosed with the drug.?® TUnfortunately, none of these
materials was more active than 5-(diethylamino)-2-
nitrosophenol against S. mansoni in vitro and therefore
their structures were not elucidated. However, based
upon known chemical reactions of o-nitrosophenols and

(29) See R. F. Collins and M. Davis, J. Chem. Soc., C, 61 (1968), and
previous papers.

(30) E. Bueding and C. Swartzwelder, Pharmacol. Rev., 9, 329 (1957).

(31) 1. Nabilh and E. Helmy, J. Pharm. Seci.. 54, 1698 (1965).

(32) L. M. Werbel, E, F. Elslager, M. W, Fisher, Z. B. Gavrilis, and A, A,
Phillips, J. Med. Chem., 11, 411 (1968).

(33) W. A. Dill and A. J. Glazko, Parke Davis and Co., Ann Arbor,
Miech., unpublished results.
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Taune 1V
Errrers ov w-0MoNn- anD DIALKYLAMINO IPHENOLS oND O-i MoNo- AND

ALK Y LAMING -2-NITRDSOPHENOLS AGAINST N, 6000800

IN A

R;R_J\'——@—.\

N NRiRs N
i x(j I
9 N 1

s
4 NH(CHz)VJ.\(Ug”‘I; H
) N(CIIg)(CIIg).JNlCJ”).‘ i
6 N(CH;). NO
7 N(j NO
S 1\'/_\“ NO
N7
] NGyl NO

10 NGyl - TICH N
11 N(Celly e 0.5CHILO6S, NO

12 N ) NO
13 NH(CH N (ColT;0 NO
14 N(CH)(CH, N (Calli), NO

Lucanthoue- 11CH

* See footnote ¢, 'LTable 1IT. * Maxinuu wolerated dose.

o-aminophenols, it 1s interesting (o speculate that 5-(di-
cthylamino)-2- nitrosophenol and/or the reduetion proi-
uct 2-amino-5-(diethvlimino)phenol (17a) might under-
go the following metabolic transformations: (1) forma-
tion of metal complexes (22); (2) condensation of 17a
with 10 to give a phenoxazonium sult (23 or 24); (3)
alkaline oxidation of 17a to the phenoxazinone 25;8%4
(4) acidic oxidation of 17a to the phenoxnzoninm salt

N(C.H;), N(C.H,).
(CH;),N
e e
=0
!
—~0
22 23

263 (5) dimerization of 17a to the phennzine 27;%
and (6) reaction of 17a with 10 to form p-quinone imine
dyes such as 28 or 29.3 With regard to postulations 3
through 3, it is interesting to note that a series of i-

amino-9-alkylaminobenzo [a [phenoxoninm  salts  have
(34) D), L, Pearson, Heterocye. Coppounds, 6, G445 (1037
(35) "Colour Index.” 2nd ed, Vol. %, Clorley winl Pickersgill Ld., Lemts,

Englawl, 1457, pp 3407-34502,

Ay
OH

- - ~ g . -Live sebistosonmes

Ruve N ofays? my ke per lay LI niee pos Ve ren
1y 14 325 100 i}
b > 1 L oo 1)
box 14 it 100 [
D x 14 201 T 1
1) > 14 057 (7 1)
| DI 28 1 1on
b x 1 154 104 44
1)< 14 e 1)U u
1 i 0N 1) 1
x4 J15 J Gl
1y X 4 61 100 ]
e X 10 13101 N N
G X 2000 S 40
1) > 14 1606 161 1)
1) > 14 21 [§UI8] 1
b > 14 276 2 07
broxo M T Tou h
1) > 14 {1y ] 100
1y > 14 283 o i
D > 1 172 A0 70
D > 14 g 1 Ny
1 X 14 2 100 13
G4 200 10U 13
1D > 14 Ny N5 48
1)y > 14 RIS} T |
1 X 14 318 KOIN] 1
< 14 140% BI§] 71
1) X 14 n 100 4%
Gox 1o o> 110 )

NH
(C.H).N< i i LOH
NtCH.),

1‘(7._.H..)_,N\(@:( )ﬁl)
NZ>SF S \H
25

(C.H; )V@[ @I\(( Heo.
N(CH:),

been preparcd® tfrom C(‘I‘l:Liu :'»-:1111i11(»-2-1mro,\‘('»phmu»ls
and were reported to possess significant aetivity nguiust
2 buvine strain of tuberenlosis.®

i) ML L. Crogsstey, P FL Dreishach, Co M. onboaom, ool R D Paabor

oo Upr, Chem. Soe,. T4, 4T3 (142).
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An array of commercial phenoxazonium dyes,®
including Gallo Vielet D, C. I. Mordant Violet 54,

(C H;). (C_IH CH3
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(@i 0

(CH;),N

N(CHW
29

Brilliunt Cresyl Blue, C. I. Mordant Blue 14, and C. 1.
Mordant Blue 45, together with representative phena-
zine dyves® such as C. I. Basic Blue 5, Rhoduline Violet,
and C. I. Basic Violet 5, has been tested in thexe
laboratories against S. manson?in mice. None exhibited
significant activity. By contrast, Binschedler’s Green
(30)% showed substantial antischistosome activity in
mice at high doses (1129 mg/kg) aud effected a 409,
reduction of live worms.

Toxicology.—In view of the overall promise of 5-
(diethylamino)-2-nitrosophenol  hydrochloride  (10)
against S. mansoni tnvitro and in mice and Rhesus mon-
keys, the drug was subjected to preliminary toxicolugi-
cal studies.’” Acute toxicity studies were done in
male mice and rats, while subacute oral tolerance work
was carried out in male rats. Tle acute single dose
LDj; values for the nitrosophenol in mice were 122 =
3.6 mg/kg orally, 36.8 = 1.1 mg/kg intraperitoneally,
and 34.5 = 1 mg/kg intravenously.’” In rats, the
acute single dose L.Dj values were 315 £ 3 mg/kg
orally, 84 = 2.8 mg/kg subcutaneously, and 52 = 1.3
mg/kg intravenously.® In both species the clinical
signs following acute oral, intraperitoneal, and intra-
venous dosing included immniediate slight depression
followed variably by salivation, tonic—clonic convul-
sions, dyspnea. trembling, and incoordination. The
first symptom listed above appeared with the lowest
dose level, and the balance of the symptoms with
gradually increasing dose levels. These symptoms ap-
peared in mice after oral administration of 75 to 100
mg/kg, after intraperitoneal administration of 25
mg/kg, and after intravenous administration of 20 mg/
kg. In rats these signs appeared after oral administra-
tion of 125 mg/kg, after subcutaneous administration
of 75 to 125 mg/kg, and after intravenous administra-
tion of 10 mg/kg. The most frequent cause of death
in the acute experiments was respiratory failure. In
rats no animal survived 130 mg/kg subcutaneous
doses of 10, and the intravenous administration of 80
mg/kg of the drug was always fatal ¥

In subacute oral toxicity studies in rats 5-(diethyl-
amino)-2-nitrosophenol hydrochloride (10) was ad-
ministered in powdered ration for 5 weeks at drug con-
centrations ranging from 0.0625 to 0.5%, (63-538 mg/
kg).®” There was an overall weight gain depression
which appeared to be out of proportion to the food
intake depression. This suggested the possibility that
the drug had proditced a heightened metabolism. In
the three higher dose levels of 123, 254, and 538 mg/kg

(37) D. H. Kaump, R. A. Fisken, and J. Scliaplein, uupublished ilata in
the files of Parke Davis and Co., Aen Arbor, Micl.
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there was a food intake depression throughout, while at
the lowest dose level of 63 mg/kg there was only an
initial depression of food intake. There was evidence
of hemoconcentration in 13 of thie 40 animals manifest
by high hematocrit, and in 6 instances by high hemo-
globin values. These elevated values were not dose-
related. There were scattered instances of leukocytosis
and leukopenia in the treated animals, but leukopenia
was also observed in the control animals.” Grossly at
all dose levels there was evidence of atrophy of the
liver with depletion of peritoneal fat reserves. In the
groups of animals at the three highest dose levels there
was atrophy of the seminal vesicles and prostate,
and in the two highest dose level groups, evidence of
staining of the esophageal mucosa by the drug. At
necropsy there was evidence of some suppression of
hematopoiesis since the nucleated cell counts were
depressed at all dose levels.¥ At the lowest dose level
there were microscopic evideuces of excess hemosiderin
deposition in the spleen and depletion of the PAS
stainable material in the kidney. At the next higher
dose level there was added depletion of the hepatic
stainable fat, and at the two highest dose levels evidence
of bone marrow suppresssion.¥

Experimental Section#-3?

m~(Mono- and Dialkylamino)phenols (1-5, Table II). Proce-
dure I.—A mixture of 220 g (2.0 mol) of resorcinol, 434 ml (5.0
mol) of morpholine, and 120 g (1.0 mol) of 859, H;PO4 was heated
i a steel bomb at 200° for 12 hr. The bomb was opened, the
yellow-brown solution was filtered, and the filtrate was treated
with 190 g (2.0 mol) of 309 aq NaOH. The mixture was steam
distilled to remove excess morpholine and the residue was
cooled aud neutralized with concentrated HCL. TUpon standing at
room temperature for 18 hr, a tau crystalline precipitate separated
(58.0 g), mp 126-129°, For aunalysis the product was recrystal-
lized from -PrOH to give 16.0 g of m-morpholinophewol (2), mp
129-131°.

Procedure II.—A mixture of 109 g (1.0 mol) of m-aminophenol,
173 g (1.1 mol) of 2-chlorotriethylamine-HCl, and 3545 g (2.5
niol) of KyCOj; was heated uuder reflux in C¢Hg for 20 hr. H,0O
(1 1) was added and the mixture was shaken vigorously. The
CsHs layer was separated, washed thoroughly (HO), and dried
(Na,804). CgHs was removed on a rotary evaporator aud the
dark brown residaal oil (172 g, 839%) was distilled in vacuo
through a 13-em Vigreaux columi. Five fractious, bp 136-140°
(0.15-0.25 mm), were combined (142 g, 689;), dissolved in ¢-
PrOH, and treated with excess HCl in -PrOH. The solution was
poured into Et,0, the supernatant was decauted, and the sticky
residite was crystallized from +-PrOH to give 140 g (50%) of
m~} [2-(diethylamino)ethyl]amiuo} phenol dihydrochloride (4) as
colorless crystals, mp 130-132° dec.

Procedure III.—A solution of 110 g (1.0 mol) of resorcinol and
130 g (1.0 mol) of ¥ ¥-diethyl-N‘-inethylethylenediamine was
heated under reflux (195-200°) for 18 hr. A Dean-Stark water
trap was then placed in the system, heating was coutinued, aud
30 ml of distillate was collected over a period of 9 hr. Au addi-
tioual 20 g of &, N-diethyl-V “methylethylenediamine was added
during this period to replace diamiue that was lost through the
trap. The mixture was cooled to room temperature and dis-
solved in 2 1. of 1 N HCL The solution was washed twice with
E1:0, and the aqueous layer was separated and made strongly
alkaline with 200 nil of 50%, aqueous NaOH. The mixture was
washed with Et:0, adjusted to pH 8, and extracted with Et.O
and CHCl;. The combined Et.0 and CHCl; extracts were dried
(N82S0,), and volatile materials were removed ¢n vacuo. The
residuie was distilled in vacuo throngh a 15-cm Vigreaux column

(38) Melting points (corrected) were tauken on a Thomas—Hoover capillary
melting point apparatus.

(39) Where analyses are indicated only by symbols of the elements or
fiunctions, analytical results obtained for those elements or functions were
within 0.4+ nf the tleoretical values.
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h give 6.0 g G190 of a viseons oil, bp 124-130° (0.12 nun.
The base wax dissolved iu «PrOH aud the =olutivn was treatal
with an excess of an ~PrOH-HCI wixture. The erysialline
precipitate wis collected by filtravion, washed with ~PrOH il
F1,0, and dried.  The m-{ [2-(diethyLuuinoethylhuethylaaiuo ! -
pherol-2HCL (67.0 g, 2370) was obtudned s colorless ervstals,
wmp 1495-196° dec.

5-(Mono- and Dialkylamino )-4-nitrosophenols (VIII) (6--14,
Table I). Procedure IV.—-m-Diethylaminophenol (163 g, 1.0
], Bastinan) was dissolved inr a mixture of 350 mil of coucen-
trated HCHaud 200 md of HyO and the solution was enoled to 0°
witle stirring. To this cold solution was added dropwize nver
period of 2.0 hr a solution of 69 g (1.0 miol) of NaNO. in 500 il
of H.O while maitaiuing the temperature at 0 A vigorons
exotherntie reactinn ocerred. When the addition wias conaplere,
the reaction mixture was stirred at 0-3° for 0.5 hr and the crude
HOT sade that separated was collected by filtration and dried /n
cacto 1 5U° for 18 b The product was dissolved 2 1ol hoiling
O, (he solution wis cooled (o 40°, and 1} of EGO was
added  <lowly until ervstalliaedon began. The mixture was
emoled 1o 5° ad the prodiet was collerted by filteacinn, dried,
and erystallized once again from LOH-F10.  The H-cdicthyl-
nmino 2-uitrosophenol - HCL (10) was (huis obtained s green
rrystals, mp 173° dee (Lic.*® wp 170°), vield, 161 g (70 1.

A solution of 14.0 g ((0L065 mol) of 10 1 300 wl ol H wus
trescted with 5.5 g (0.065 uml) of NaHCO, The precipitate wis
collectet by filtration, washed (Ha0), dried, and crvstallized
fromr -PrOH.  The purified product was dried (v vocao w457
for IS lir o give 10.0 g (79001 ol d-(dierhivlaning =2-nitroso-
phennl base (9) as shiny waronn ueedles, mp 3R-D0° de (e
tp N4° 1

To o wrrm squeons solidon of 11D g (005 woly of 10 was
ackded aowarnn agueous solntion of 9.2 1 (0,023 mol) of Fh-naphihe-
lenedisulfouie acid disodium salt dihvdrate (Eastnan). The
utx(nre was allowed o stand at room temperature for I8 hr) and
the salt was collected by filtration and dried at 50° in vucuo for
IS hr, The d-(diethylamian)-2-uitrosophenol <alt with 0.5 { wi
| d-naphthalenedisulfonic acid (11) (13.0 g, 7700) wi= obGiined s
i vellow-brown =olid, nup 275-280° der.

Procedure V.—A siirred solurion of 29.5 g (0.1 wwl) of m-] {2-
Gliethylimiino)e(hyl methyluutino fphenot - 2HCL (5) tn (50 ral of
H:O and 10 ml of concentratell HCI was eooled to 07 and a =olu-
tion of 6.9 g (0.1 wol) of NaNO; it 50 ml ot Hs0O wus added
dropwixe over a period of 0.0 kr while malutuiniug the tetaperie-
ture #t 0-3°. The reaction was exothermic and the soluntion
turned deep red. The nixture was allowed to steml at roonn
cerpernture for 18 br aud volatile ninterials were rervoved in
e, The residne was eryvstallized from SPrO and the prodiet
wits dried in vecwo it 43° for 72 hr w give 12,0 g (377) of 5-
12 - (liethylamino)ethyl methylnmo) - 2 - nitrozophenol - 2HCH
(14) a= a green solid, mp 157° dec.

3-Ethoxy-\",.\ -diethyl-4-nitrosoaniline - HCl (15}.—-A =tirred
sohition of 38%.6 g (0.2 mol) of »e-ethoxy-N, V-diethylauiline
{ Eastirgmn) in 70 ml (0.82 mol) of enucentrated HCE nud 40 1d of
a0 was eooled to 0° and 1o it wis added dropwise over T hr o«
ohttion of 13.5 g (0.2 nwl) of NaNO, in 00 ml of H.0. The
temperature was maintained aC 0-3° dueing the additon. The

FrsnaGir asp Worr

repetion mixtnre was stirred Tor 1ohr, dilhied wide tee and HLO),
and watde alkaline with concertrated NaoOH, keeping e tenr-
perranre helow 20°0 The produet wis extmaied with CHCL
and thie combined CHCL extrnets were washed (Ha0 5 and dried
LIGCOD Vobndle neertals were reumvel (o rcocua and the
visenis green red restdiue was dissolverl o Eath o Bxeess dey
HCE wis bubbled intn the EeO sohudon sod tee vellow =olud
thut precipitited wis enllected Dy tilieation and erystdlized
feone EAOH-EGO (o give 34.0 1 66C 1 of prodinet as clartrense
crvstals, mp 133-155°. Anal. (CuHN.0.-HCL G, 1, G0N

5-(Diethylamino )-2-(phenylazo)phenol (16).-—-A =olution of
0.3 g (0.1 mol) of aniline in 250 ml of 15O auad 25 wl of eoneen-
trted HCT was (repred with 6.9 g (0.1 mold of NaNO. in 100 il
of THO a0 0-5% When dinzotization was eomplete, the eold sohi-
tion of the dinzoniim sale was wlded slowly with stirring 1o o
solution of 16.5 ¢ 10.] mal] of we-diethylanduophenol (Eastman
i 500 ud of 0 and 1710l of concentruted HCwhile tnintaining
the tempernaure at U 5% The solution was then stirred tor 0.5
lir at 0% snd allowed (o warne 1 179 over o 2-lo peciod. The
prixtnre was vettralized by the <low, eantions adidition of 25 ¢
13 moby of NaOAe tn 150 il of HLO and wis allowal 1o stir
at room tewaperature for s hee The product was collected by
filtration, dried, sl erystallized tfrom FPrOH o) give 1IN0 &
6700 of meroon ervstals, mp THH-TEST el ol NGO
()N,

2-Amino-5-(diethylamino)phenol-2ZHC1 (17a). -To a =olutiny
nf 241 @ 0.l wol) of hydrochloride 10 in MeOLT wis added
g (0.1 mol) of NaO1 and the mixture was hyidrogenated over
Umey Nioat s indtind Ha pressure of 3.5 kg/eun2 When the
teoretion] st of 1. had been absorbed, the calyst was
removed by filtration sl the filtente wis trescled immaalstely
widh exeess conventrated THCH o arrest air oxidation. Volale
uateritls were renmved (oo eaeyo and the residne was dissolved 1o
~PrOH and the NaCl was renoved by filtestion. The 7-1PrO11
sohution was ponred ino B0, and the deliquescent off-white
solid that formerd wiz enllected and tritursted with hat ~PrOf.
The prodiet wis tis obradned as e dibydeochloride (5.0 w,
26C0 1 tip 224-226° dee dit 2 Crap 201-203° for the monokyvilro-
chloride obtained by rednetion of the vresponding phenylazo
cotnponntd L bl 1CGH N0 21HCH ¢, 1 CL N

2-Amino-5-morpholinophenol (17b}.- - H-Morpholiun-2-nitros-
pliconl (8) (19.5 g, 0.094 uml) wis hydrogennted in MeUL nver
Runey Ninecording o the procedure uzed for the prepurstinn nd
2oraudno-O-(diethviaaivo)phenol (X, The buse of the produet
wix rebitively insoluble in MeO1, il was collected sand re-
crvstllized rapidly frowe 400 1wl of boiling MeOLL The pradaet
wi obttined (109 g, ANCOy as Tavender eryvstals, mp HOWH® der.
aed 1CWLNLOL 0 CL LN
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