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been proposed as a likely metabolite of the X,N-di- 
alkyl-N'-(4-nitroso-l-naphthyl)alkylenediamines (111) 
and exhibits significant activity against S. mansoni 
in vitro and in mice and monlieys.lsll 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 .5-(dialkylamino)-2-nitroso- 
phenol derivatives and 2-amino-3-(diethylamino)phenol 
displayed noten orthy activity against S. ?nanso?ai in 
mice, but none was more promising than 1-( 3- [ (4- 
nitroso-1-naphthyl)amino]propyl}piperidine (VII) de- 
scribed previously. ll 

KO 
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Chemistry.-The %(mono- and dialky1amino)-2- 
nitrosophenols (VIII) (6-14, Table I)  were obtained in 

VI11 IX 

14-79yG yield by nitrosation of the corresponding m- 
(mono- and dialky1amino)phenols utilizing the general 
procedure described by DlOhlaul3 in 1892 for the prep- 
aration of 5-(dimethylamino)-2-nitrosophenol (6) and 
5-(diethylamino)-2-nitrosophenol (9) (procedures IV 
and 1 7 ) .  These compounds are tautomeric with the 
corresponding o-benzoquinone monooximes (IX). The 
uv absorption properties of 6 have been investigated in 
detail by Bura\+-oy and coworkers. l4 These authors 
concluded that in all of the solvents used (CCl,, Et20, 
C6H6, CHC13, EtOH, and HLO) absorption bands due to 
each of the tautomers VI11 and IX were present. 
Each of the compounds (6-14) now reported gave con- 
sistent curves in IlleOH, with maxima a t  402 and 330 
mp (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 
VI11 and 1X.l5 Curves from 7 and 9, for example, 
showed no OH absorption (CHCl, and CC14) in the 
3500-3600 cm-l region and only a suggestion of very 
broad bands in the 1800-2600 cm-' region.l5 I n  addi- 
tion these curves also exhibited a strong someTThat 
broadened absorption peak a t  1630 cm-'. 

The intermediate m-(mono- and dialky1amino)- 
phenols (1-3, 5, Table 11) were obtained in low yield 
(7-23'%) by heating resorcinol with an excess of the 
appropriate amine at 200" (procedures I and I1I).l6 

(13) R. Mohlau. Ber., 26, 1055 (1892). 
(14) A. Burawoy, M. Cais, J. T.  Chamberlain, F. Liversedge, and A. R. 

Thompson, J. Chem. Soc., 3727 (1955). 
(15) E. D. Amstuta, I. M. Hunsberger, and J. J. Chessick, J. Amer. 

Chem. Soc.. 7 3 ,  1220 (1951); P. AI. Boll, Acta Chem. Stand. .  12, 1777 (1958); 
D. Hadzi, J .  Chem. Soc.,  2725 (1956). 

(16) I. G. Farbenindustrie Aktiengesellschaft, British Patent 274,058 
(1928). 

Alternatively, m- { [2-(dietliylamino)ethyl]amino} phe- 
nol (4, Table 11) was prepared by alkylation of 17%- 

aminophenol with 2-chlorotrietliylamine in C6H6 in the 
presence of K,C03. l6  The nitrosation of m-ethoxy- 
N,N-diethylaniline afforded 3-ethoxy-N,N-diethyl-4- 
nitrosoaniline (15) in 66% yield, while 5-(diethylamino)- 
2-(phenylazo)pheriol (16) was obtained in (37% yield 

N ( c z " ) ~  I 

N=NC6H, 
15 16 

by coupling n~-dietli~lamiriophenol with PhN2C1. 2- 
Amin0-5-(diethylamino)phe1101 (17a) li and 2-amino-5- 
morpholinophenol (17b), which represent potential 
metabolites of 5-(dieth~-lamino)-2-nitrosophenol (9) and 
5-morpholino-2-nitrosophenol (8)) respectively, were 

NRIR, 
I 

I 

KH? 
17a, NR,R- = N(C,H,), 

b, NRIRu = NnO u 
synthesized in 26 and 33% yield by the catalytic 
hydrogenation of 9 and 8 in I\IeOH over Raney Ni. 

A variety of commercially available analogs18 
(Table 111) of the 5-(mono- and dialky1amino)-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 (Ma), 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 deicribed in the present 
communication uere tested in mice against a Puerto 
Rican strain of S. ~ z a n s o n i ~ 3 ~ ~  by Dr. Paul E. Thompson 
and coworkcrs 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-riitrosophenol(6), 2-nitroso- 
5-(1-pyrrolidinyl)plienol (7), and 5-(diethylamino)-2- 
nitrosophenol base (9), hydrochloride (IO), and 1,5- 
naphthalenedisulfonate (11) displayed strong schisto- 
somicidal activity and effected a 97-100% 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. Julisn, W. R. Ruby, J. 11. Snell, J. H. Sterner, 
J. R. Thirtle, P. W. Vittum, and  A. Weissberger, J. Amer. Chem. Soc., 73, 
3100 (1951). 
(18) These analogs xere purchased from Distillation Products Industries, 

Division of Eastman Kodak Company, Rochester, N. T. 
(19) For a description of test methods, see P. E. Thompson, J. E. Meiseo- 

helder, and H. Najarian, Bmer. J .  Trop .  M e d .  Hyg., 11, 31 (1962). 
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dilij,drochloride (17a) also possessed st rotig hcliist,osom- 
icidal activity and reduced the live worm burden S97: 
:it. :t dose of 177 mgilig (Table 111). These compound.. 
\\-ere, therefore, comparable \\.it11 or superior to  lucuri- 
thone ~i\.drochloride,'g,"J the tris(p-aniiriopheny1)c:tr- 
boiiium ~ a l t s , ~ ~ ' ? ~  ~,~'-(hept~amethyle~iediox~~)diarii l ine 
dihydrocliloride,'?.?" N -  [5- (p-aminopheiioxy)peiityl]- 
phthalimide, 24 arid 3- [~-(3-chloro-p-tolyl)-l-pipe'azin~~l- 
c:irbo~iyl]acrylic acidz6 when tested under comparable 
esperimcntmal conditions. l 9  All ot,her analogs, including 
the  ni-(moiio- arid dialk~li~mirio)plieiiols (1-5, Table 
11) , several of the 5-(morio- and dialkylamino)-2-nitroso- 
plie~iols (8, 13, 14, Table I) ,  3-ethox?.-N,N-diet,li!.l-~- 
iiitrosoaniliiie (15), 5-(diethyl:~mi1io)-%-(phenylazo)- 
plicnol (16), 2-:tmino-5-morpholinophenol (17b), arid 
Ma, 18b, arid 19-21 lacked appreciable antischistosonic, 

120) \ \ .  liikiitli arid R.  Gijnnert, . 4 n n .  7 ' r u p .  .Wed. Pi irmzlo l . .  42, 25ti 

(91) E. E'. Elslager, P. \\.. Siiort. I). 1'. \Vorth. . J .  13, Meiuenlielder. 1 1 ,  

( 2 2 )  ('. G .  Raison and 0.  Ll. Standen, Brit. .I.  t ' l i i irmncoi. .  10, I Y l  i I H 5 S i .  
( 2 3 )  I<. F. Collins, M. Davis. K. D. Edge. and J .  Hill, ib id . .  18, 238 (1958). 
! & I )  I< .  I:. Collins. hI.  David N.  I ) .  Edge. ,J. Hill. 11. I\-. Reading. am1 

' 2 . 5 )  (1. Liiuiinler, Z. 2'rope,imed. l ' , i r < ~ . ~ i t u / , ,  9, 994 f,I!).j8>. 

fl+c3). 

Najarian, and 1'. E. Tliompson, ,Vattire, 190, 625 (1961). 

k:, l i .  Turnbu l l ,  zbid.. 14, 567 (1959i. 
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TABLE I11 

~ - ( ~ I o N o -  AND DIALKYLAMINO)-~-NITROSOPHXXOLS .IGIINST S. mansoni IN R I I w  
EFFBCTS OF 2-AMlNO-~-(D1~4LKYLBMINO)PHI.;NOLS . lND O'I-HXK. ~{l;LATIVES OF THB 

_---___ Drug- _---_ ----Live schistosomes---- 
Structure Route Y daysa mg/kg per day c/c mice pos % redn 

(Cp ).N -0 D x 14 274 100 2 

0C.H: 

16 (c.Ha)J S=NC,H, D X 14 295 100 0 * 
OH 

17a 

17b 

18a 

18b 

19 

'OH 

1) x 14 177 60 90 
G x 10 100 67 45 
(2x3  100 90 47 
1) X 14 334 100 0 

1) x 14 21.i 100 0 
11 x 1.1 220 100 11 
L) X 14 323 100 0 

1) X 14 
(; x 10 

470 
200 

100 
100 

5 
0 

20 D x 14 307 100 0 

OH 

21 o q -  S O H  1) X 14 377 100 0 

OH 
11 I) represeilth drug-diet, G represents gavage. 

Jvithin 3-18 hr at  a concentration of 50 pg/ml and within 
1s-50 hr a t  12.5 pg/m1.I9 

Potential Metabolites.-1,2-Naphthoquinones in- 
hibit the glycolysis of adult S.  mansoni in vitro at low 
concentrations.26 &4 similar mode of action can be 
reasonably postulated for 5-(diethylamino)-2-nitroso- 
phenol and related substances n hich are tautomeric 
with the corresponding o-benzoquinone oximes IX. 
Xlternatively, the schistosomicidal effects of &(diethyl- 
amino)-2-nitrosophenol can be accounted for by assum- 
ing metabolic conversion into the reduction product 
2-amino-5-(diethylamino)phenol (17a) which similarly 
shoirs strong activity against S. mansoni in mice 
(vide supra). Further studies have demonstrated that 
2-amino-5-(diethylamino)phenol also kills 10-week old 
male and female S. mansoni i i ~  viti.0 within 2-70 hr at  
drug concentrations of 12.5-50 pg/ml. Conversely, the 
antischistosome effects of 2-amino-5-(diethylamino)- 
phenol may be due to metabolic oxidation to o-benzo- 
quinone derivatives. 

The effects of other simple aminophenol and phenyl- 
enediamine derivatives on s. mansoni were also in- 
vestigated. p-Aminophenol hydrochloride, v hich can 
presumably be converted into quinoid products in vivo, 
\\as inactive againqt S. maiisoni in mice nheri ad- 
ministered in the diet for 14 days at  a high dose (377 
mg/kg), but killed zchirtobomes iri vitro within 60-84 hr 
at  concentrations of 2.5-10 pg/ml. Although p-amino- 
phenol or substituted p-aminophenols have not been 

known that the phenoxyalkanes possess only low 
schistosomicidal activity in vitro30 and exert their action 
through a combined effect on the parasite and on the 
host.27s30 Therefore, i t  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 Helmy31 
recently reported that p-phenylenediamine when ad- 
ministered by gavage at  SO 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- 
amin~alkyl)-p-phenylenediamines~~ and N-(dialkyl- 
aminoalkyl)-l,4-naphthalenediamines, lo we had occa- 
sion to test both p-phenylenediamine and 2-methoxy-p- 
phenylenediamine by drug-diet against S.  mamoni 
infections in mice. I9 Xeither compound exhibited 
appreciable antischistosome effects \!-hen administered 
at  doses ranging from 125 to 630 mg/kg per day for 
14 days. 

Several highly colored metabolites of 5-(diethyl- 
amino)-2-nitrosophenol hydrochloride (10) were found 
in the urine of rats and Rhesus monkeys that had been 
dosed with the Gnfortunately, none of these 
materials nas  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 

demonstrated to be metabo1ites Of the Orally active p- 
aminophenoxyalkane schisto~omicides,~~-~~~~~-~~ it is previous papers. 

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

(30) E. Bueding and C .  Swartawelder, Phurmacol. Rev. ,  9, 329 (195;). 
(26) E. Rueding and L. Peters, J .  Phurmncol. E x p .  Ther.. 101, 210 (1951). (31) I .  Xabih and E. Helmy, J .  Pharm. Sci.. 54,  1698 (1965). 
( 2 i )  0. D. Standen, T r a m .  R o y .  SOC. T r a p .  M e d .  Hyg., 49, 416 (19%). (32) L. R f .  Kerbel, E. F. Elslager, XI. IT', Fisher, Z. U .  Gavrilis, and A .  A .  
(28) See R .  F. Collins, V. A .  Cox. &I. Davis, K. D. E d g e ,  J. Hill, K. 

F. Rivett, and AI .  A. Rust ,  Brit. J .  Pharmacal. Chemother. ,  29, 248 (33) FY. A. Dill and A. J. Glazko, Parke Davis and Co., .inn .Arbor, 
( 1 9 6 7 ,  and previous gapers. 

Phillips, J .  Med .  Chern., 11, 411 (1968). 

Llich,, unpublished results. 



o-arninuphenols, it ih iritcrwtiiig to Gpecuht L' t list ;-((h- 
cthylamino)-2-nit ro~oplienol x i i d  or t lie rcductioii 1)i*o(l- 
uct 2-:trnino-j-(c~ietli?.l:bniino) plictiol (17a) might undri  - 
go the following metabolic tran~formntioli.: (1) form:i- 
tioii of iiictal coniplcws (22) ; ( 2 )  coi~deii~:itiori of 17a 
\iith 10 to give a p1ieiios:tzoiiiuIn d t  (23 or 24) ; { 4  (:i) 
ullialine oxidation of 17a l o  tlic i)liciioxnziiion(. 25;" ' ;  
(4) acidic oxidation of 17a t o  tlic plietioaa~oiiiiii~i w11 

22 23 

26;34 ( 3 )  dimerization of  17a to tlic plieriazinc 27," 
and (6) reaction of 17a n-it11 10 to form p-quinone iriiiiic 
dyes such as 28 or 29.3' With regard to  postulationi 3 
through 5 ,  it is interebting to  note that  a series of .i- 
arnirio-!~-:tlkylaniirio~~eiizo [ a  ]I)lictio.;otiium s d t  s hnvc 

r;J H " 
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An array of commercial phenoxazonium dyes,35 
including Gallo Violet D, C. I. ;\lordant Violet 34, 

I 

OH 
28 23 

Brilliant Cresyl Blue, C. I. ;\lordant Blue 14, and C. I. 
Mordant Blue 45, together with representative phena- 
zine dyes3; such as C. I. Basic Blue 3,  Rhodulinc Triolet, 
and C. I. Basic T7olet 5 ,  has been tested in these 
laboratories against S.  inarzsoni in mice. Xone exhibited 
significant activity. By contrast, Binschedler's Green 
(30) 35 khowed substantial antischistosome activity in 
mice a t  high doses (1129 mg/kg) and effected a 4076 
reduction of live lyorms. 

Toxicology.-In view of the overall promise of 5- 
(diethylamino)-2-nitrosophenol hydrochloride (10) 
against S.  mansol-zi in vztro and in mice and Rhesus mon- 
keys, the drug was subjected to preliminary toxicologi- 
cal Acute toxicity studies were done in 
male mice and rats, while subacute oral tolerance nork 
\vas carried out in male rats. The acute single dose 
LDjo values for the nitrosophenol in mice were 122 =t 
3.6 mg/kg orally, 36.5 =t 1.1 mg/kg intraperitoneally, 
and 34.5 h 1 mg lig i n t r a v e n ~ u s l y . ~ ~  In  rats, the 
acute single dose liDjo values were 315 h 3 mg/kg 
orally, 84 * 2.S mg kg subcutaneously, and 52 * 1.3 
mg/lig intra~enously.~'  In  both species the clinical 
signs following acute oral, intraperitoneal, and intra- 
venous dosing included immediate slight depression 
follou ed variably b j  d iva t ion ,  tonic-clonic convul- 
bion~, ds spnea, trembling, arid incoordination. The 
first +ymptom listed above appeared ~i ith the lon-e\t 
dose level, arid the balance of the symptoms nitli 
gradually increasing dose levels. These symptoms ap- 
peared in mice after oral administration of 7 5  to 100 
mg.1 kg, after intraperitoneal administration of 23 
mglkg, arid after intravenous administratio:i of 20 mg 1 
kg. In  rats these signs appeared after oral administra- 
tion of 125 mg/kg, after subcutaneous administration 
of 75  to 123 mg/kg, and after intravenous administra- 
tion of 10 mg/kg. The most frequent cause of death 
in the acute experiments wah respiratory failure. In  
rats no animal survived 150 mglkg subcutaneous 
doses of 10, and the intravenous administration of SO 
mglkg of the drug was always fatal.37 

In subacute oral toxicity studies in rats 3-(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% (63-535 mg/ 
l ~ g ) . ~ ;  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 produced a heightened metabolism. In 
the three higher dose levels of 123, 234, and 535 mgjkg 

( 3 7 )  I). 13. Iiuump, R.  A .  Fisken, and  J. Scl~arilein, unpul,lished data in 
tlie files of Parke Davis and Co. ,  . inn :\&or. Midi .  

there was a food intake depression throughout, nhile 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 the 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.37 Grossly a t  
all dose levels there nab evidence of atrophy of thc 
liver with depletion of peritoneal fat reserves. In the 
groups of animals at  the three highest dose levels there 

atrophy of the seminal vesicles and prostate, 
and in the tno  highest dose level groups, evidence of 
staining of the esophageal mucosa by the drug. At  
necropsy there n as evidence of some suppression of 
hematopoiesis &ice tlie nucleated cell counts were 
depressed at all dose levels.37 At the lonest dose level 
there were microscopic evidences 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 tno  highest dose levels evidence 
of bone marrow suppres~sion.~7 

Experimental S e c t i ~ n ~ ~ t ~ ~  
,m-(Mono- and Dia1kylamino)phenols (1-5, Table 11). 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 %yo HaP04 B-as heated 
in a steel bomb at 200" for 12 hr. The bomb was opened, the 
yellow-brown solut,ioii was filtered, and the filtmte was treated 
with 190 g (2.0 mol) of 50% aq NaOH. The mixture was steam 
distilled to remove excess morpholine and the residue was 
cooled and neiitralized with coilcentrated HC1. Vpon standing a t  
room temperature for 1S hr, a tan crystalline precipitate separated 
( . X O  g), nip 126-1203. For aiialysis the product wa3 recrystal- 
lized from i-FrOII to give 16.0 g of m-morpholiiiopheriol (2), mp 
129-131". 

Procedure 11.--A mixtiire of 109 g (1.0 mol) of m-amiiiophenol, 
173 g (1.1 mol) of 2-chlorotriethylamine~HCI, and 345 g (2.5 
mol) of KzC03 was heated under reflux in C6H6 for 20 hr. HIO 
(1 1.) was added and the mixtiire was shaken vigorously. The 
CsH6 layer was separated, washed thoroughly (HZO), and dried 
(Sa2SO4). CsH6 was removed on a rotary evaporator and the 
dark brown residiial oil (172 g, R3yc) was distilled in vacuo 
through a l5-cm \-igreaux column. Five fractions, bp 136-140" 
(0.13-0.25 mm), were combined (142 g, 68y0), dissolved in i- 
PrOH, and treated with excess HC1 in i-FrOH. The solution m-as 
poured into EbO, the supernatant was decanted, and the sticky 
residne was crystallized from i-FrOH to give 140 g (50yc) of 
T I L - (  [2-(diethylamino)ethyl] amino I phenol dihydrochloride (4 )  as 
colorless crystals, mp 130-132" dec. 

Procedure 111.--A solution of 110 g (1.0 mol) of resorcinol and 
130 g (1.0 mol) of Y,.Y-diethyl-S'-methylethyleiiediamine was 
heated under reflux (19.5-200") for  18 hr. A Dean-Stark water 
trap was then placed in the system, heating was continued, and 
30 ml of distillate was collected over a period of 9 hr. Ai1 addi- 
tional 20 y of S,S-diethyl-S'-methylethylenediamine was added 
during this period to replace diamine that was lost through the 
trap. The mixtiire was cooled to  room temperat,ure and dis- 
solved in 2 1. of 1 S HCI. The solution was washed twice with 
EtgO, and the ayueoiis layer was separated and made strongly 
alkaline with 200 ml of SOYc aqueous XaOH. The mixture was 
washed with Et20, adjusted to pH 8, and extracted with Et20 
and CHCL. The combined Et20 and CHC1, extracts were dried 
(Na2S04), and volatile materials were removed in mcuo. The 
residue was distilled in V ~ C U O  throiigh a 15-cm Vigreaux columri 

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

(39) Where analyses are indicated only by  symbols of the elements or 
functions, analytical results obtained for those elements or functions were 
nithin 10.4'h uf the tlieoretical values. 




