104 I, 1", Kusvager, L. M. WErBEL, axp D, I, Worrn Vol 13

XIV.

Synthetic Schistosomicides.

1,4-Naphthoquinone Mono(0O-acyloximes).

4-Amino-1,2-naphthoquinones, 2-Amino-3-chloro-1,4-naphthoquinones.

and Other Naphthoquinones!

Fbwakp I Fispacen, Lesiae M. WERBEL, axo Doxanp I) Wonrrn

Department of Chemvistry, Mcdical and Scicndific Affuirs Divisiun,

Puarke, Davis and Companry, Ann Arbor, Michigan

18106

Recelved July 22, 1htn

The over-all promise of 1,4-naphthogninone mongoxime (IN3 agaiust Schistosorma munsoni and the marked
antiglycolytic effects of varions naphthoquinones against these worms prompted a tnore comprehensive investigi-

tion of the antischistosome properties of 1,2- and 1,4-naphthoquinone derivatives.

Varions 1,4-naphthoquittone

mono(O-acyloximes) (XV) were synthesized by acylation of 4-nitroso-1-naphthol, while 2-[(dialkylamino -
methyl]-1,4-naphthoquintone 4-oximes (NVIIa and b) were prepared by nitrosation of the correxpounding 2-

Hdialkylamino)methyll-1-naphthols.

The conden=ation of 1,2-naphthoquittone-4-=nlfonic ucid zodivm =alt

with amines afforded a seriex of 4-amino-1,2-naphthoquinones (NVIID), and treatment of 2,3-dichlor-1,4-

naphthogninone with amnines gave the corvexponding 2-amino-3-chloro-1,4-naphthaquinones (XIN).
other 1,4-naphthoquinone derivatives were als prepared.

AMany
1,4-Naphthoquivone mono{O-(chloroaceryloxine]

(1), 1,4-naphthoquinone mono(O-methyloxinte) (NIV), and 2-(piperidinomethyl:-1,4-naphthogquinone 4-oxime
(XVIIb) effected a H50-719, teduction of live S. mansoni in mice at daily oral doxes rangiug front 201 to 6342

ing/kg for 14 days, bur none was as netive as IX,

1,2-Naphthoquinone, 1,4-naphthoquinone, and nu-
merous substituted naphthoquinones have been re-
ported to be potent inhibitors of the glyveolysis of adult
Schistosoma mansoni tn vitro, but none of these has ap-
preciable chemotherapeutic activity against S, mansoni
mfections in mice.®?  This luek of in vivo activity can
be explamed in part by the known interaction of
naphthoquinones with, and their inactivation by,
serum proteins, and i part by lack of absorption.’
A similar effect may also be responsible for the schisto-
sonneidal aetivity of the N N-diaklyl-N’-(4-nitroso-1-
naphthyl)alkylenediamines (Ib)* and the 4-azo-1-naph-
thylamines (IVa and b),'» =" which can exist in quinoid
forms (Vh, VIILa and b), wnd for various potential
metabolites thereof (Chart I).12-t4

The mitial step of one likely metabohe pathway of
the 4-uzo-l-naphthylamines {I1Va and b) involves re-
ductive scission to the corresponding 1.4-naphthalene-
diamines (IIla and b).2*  Indeed, certam N-[(dalkyvl-
amino)alkyl]-14-naphthalenedipmines (IIh) are more
active against schistosomes and less toxie for miee than
the N, N-dialkyl-N"'-(4-azo-1-naphthyDalkylenediamines
from which they ave derived.!”  However, the 1.4-
naphthalenediimines arve very <usceptible to oxidation

(1) For paper XII1, see k. ¥, Elslager, . 11, Tendick, L. M. Werlnl, and
D. F. Worth, .J. Med, Chem., 12, 970 11969).

2) E. Bueding, I.. Peters, and J. F. Waite. Proc. Soe. Feptl. Biol. Mew.,
64, 111 (19471,

i3y I Bueding and [.. Peters, J. Dhormacol. Exptl. Thecqp., 101, 210

195D,

¢y L. ML, Werbel, 1. ¥, Elslager, and . Fo Worth, J. Mer. Clhem.. 11,
95D (19683,

3) K. ¥ Elslager and 1. Y. Warll, /., 6, 444 (19863).

6) E.F. Elslager, D. B. Canps, L. ML Werbel, D. F. Worth, J. k. Meisen-
helder, 1. Najarian. aml P. I, Thainpson, tbid., 8, 217 (1963).

(7) B. F. Klslager, D. B. Capps, ). H. Kurtz, L. 3. Werbel, and 1), F.
Worth, ibid., 6, 646 (1963,

18) 5. T. Clen, 1. F. Ch'en, P. C. Kun, Y. C. Hu, J. H. Yao, and 'T. 11.
Chon, Yao Hsueh Hsuel Puo, 18, 30 (1966).

W) F. V. Klslager, D. B, Capps, ). H. Kurtz, ¥. W, Stort, L. M. Werbel,
and . F. Worth, J. Merd. Chem., 9, 378 (19686).

110 A. Korolkovas, Rer. Fue. Faem. Bioguim. Sao Puulo, 5, 5 (1967;.

(11 W, F. Elslager, D, B. Capps, D, B, Kurtz, and D. F. Worth, J. Me!.
Cheng., 11, 1201 (1968).

12) A. Korolkovas, Reo, Fue. Furm. Bioquim. Sao Paule, 6, 115 {1068).

13) {2, F. Elslager, ID. B. Capps, 1. M. Werbel, D. 1*. Worth, 1. L.
Meisenkelder, and P. IZ. Thompson, J. Mel. Chem., T, 487 (1464).

14 L P Elslager, DL BL Capps. and L. M. Werhel, 42/, 7, 658 (1v6:t).

Strnetire-aetivity relatinnships arve presented.

and are unstable both in acidie and baste media. Al
though the decomposition producets of the naphtliilene-
dizmines have not been isolated and characterized, 1t 1=
likely that oxidation produets such as the N . N-dialkyl-
dihydro-4-imino-1-naphthylidenealkylenediamines (IIh)
are formed initially. Subsequent hydrolysts would lead
to N-[(dialkylamino)alkyl]-1,4-naphthoquinone imines
(VIb) or 1,4-naphthoquinone imine (VIa). and ulo-
mately to 14-naphthoguinone (X). Similarly. oxida-
tion of 1,4-nuphthalenediamine (IIIa) would afford
1 4-naphthoquinone ditmine (IIa), which upon hydroly-

st would  give  l.4-naphthoquinone  imine (V@)
and  Ld-naphthoquinone (X). It 1z uoteworthy

that NN, N -trialky - N/-(4-uzo-T-naphthyhalkylene-
dianines, which cannot exist m qumoid  form,
and N-alkvl-N-[(dialkylamio)alkyl-1 4-naphthalence-
dimmines, ' which presumably cannot be oxidized to
quinone imines, are devoid of antischistosome -
tl\'lt\f T

The 4-azo-l-nuphthylamine compounds (IVa and b)
niay also undergo metabolie alteration réa hydrolysis of
their tautomeric hydrazone forms (VIIa and b) to
uive 4-nzo-I-naphthols (XII), which can exist in quinoid
forme (VII).  Alternatively. reductive secission of the
J-nzo-T-naphthols may occir with the formation of 4-
amino-lT-naphthol (XI), which following oxidation and
hydrolysis could lead te 14-naphthoquinone (X) ria
| d-naphthoquinne imine (VIa).  Indeed. certain 4-
azo-1-naphthols (X1 and 4-aminn-l-naphthol (X1)
possess significant activity against Noopeaison !

The N.N-dialkyl-N/-(4-nitroson-1-naphthyDalkylene-
diamines  (Ib) wmndergn tacile hydrolytie cleavage m
aqueous media ty 4-nitroso-I-naphthol. a tantomer of
1. 4-naphthorjuinoue monooxime (IN).# Moreover, IX
kills adult 8. pmansoni in vitre within 20 hr at a coneen-
teation of H0 wg ml and within 51-96 hr at 12.5 pg ml
and hax been postulated to be one likely metabolite of
the N, N-dialkyl-N'-(4-nitroso-1-naphthyl)alkylenedli-
amines (Ib).t Other studies i these laboratories
revealed that I.{4-naphthoquinone monocoxinie (IX) is
also active against S, mansoni in mice and in rhesis
mounkeys. The drug effected a 70-100% reduetion of
live schistosnnies in mice at daily oral drug-diet doses
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CHART 1
PossIBLE INTERRELATIONSHIPS AMONG SCHISTOSOMICIDES IN THE N APHTHALENE SERIES
NO NH,
I
I l r
NR N
20~ ) ‘+ ‘+
NOH NNHZ NNHZ
v VI >< VIII
NH, N=N7Z
XII

Z=arylor heterocycllc; a,R=H:b.R=YNRR,

ranging from 273 to 777 mg/kg for 14 days. In rhesus
monkeys, IX caused moderate permanent egg suppres-
sion at doses of 50 mg/kg/day for 10 days, but failed
to cure the animals.

The over-all promise of 1,4-naphthoquinone mono-
oxime (IX) against S. mansoni, the antiglycolytic prop-
erties of various naphthoquinones,?? and the likelihood
that quinoid metabolites may be involved in the mode
of action of other classes of schistosomicides (Chart I)
stimulated a more comprehensive investigation of the
antischistosome properties of 1,2- and 1,4-naphtho-
quinone derivatives. The present communication
describes the synthesis of various 1,4-naphthoquinone
O-acyloximes, 4-(mono- and dialkylamino)-1,2-naphtho-
quinones, 2-amino-3-chloro-1,4-naphthoquinones, and
related nitrogenous naphthoquinone derivatives.

Acylation of 4-nitroso-1-naphthol with Ac,O in HOAe
(procedure II) afforded a crystalline yellow product,
mp 132.5-134°, which was apparently identical with
the compound (mp 132.5°) obtained earlier by Beck-
mann and Liesche! utilizing a similar procedure. These
authors designated the product as 4-nitroso-1-naphthol
acetate ester (XIII, R = CH;).'* However, 4-1itroso-

NO NOCH;,
OCOR 0O
X111 X1V

I-naphthol has been shown to exist in solution in the
1,4-naphthoquinone monooxime form (IX), exhibiting
an «,B-unsaturated ketone absorption in the ir at 1650

(15) E. Beckmann and O. Liesche, Ber., 56, 1 (1923).

em~L117  Aloreover, 1,4-naphthoquinone mono(O-
methyloxime) (XIV), which is fixed in the quinoid
form, also exhibits carbonyl absorption at 1650 cm—.1¢
The highest carbonyl absorption in 1,4-naphthoquinone
appears at 1667 ecm~!. The product (2, Table I), mp
132.5-134°, obtained from the acylation of 4-nitroso-1-
naphthol with Ac,0O, as well as the compounds (1, 3, 4,
Table I) produced by treatment of 4-nitroso-1-naphthol
with chloroacetyl chloride, heptanoyl chloride, and
palmitoyl chloride in the presence of Et;N (procedure
I), all exhibited «,8-unsaturated ketone absorption at
1660-1675 em~! and also possessed strong ester car-
bonyl absorption at 1780-1795 em™! in the ir (KBr).
The ester carbonyl appeared as expected at a higher
wave number than does a normal ester as a result of the
influence of the C==N group attached to the alcohol
oxygen. These data cannot be accommodated by the
4-nitroso-1-naphthol ester structure XIII, and the
compounds were therefore assigned the 1,4-naphtho-
quinone mono (O-acyloxime) structure XV. The prod-

NOCOR NOCONHC.H;- p-CH,

XV XVI

uct of the reaction of 4-nitroso-1-naphthol with p-tolyl
isocyanate also displayed carbonyl absorption in the
ir at 1650 and 1775 em~! and was designated as
1,4-naphthoquinone mono [O-(p-tolylecarbamoyl)oxime |
(XVD).

(16) A. Fischer, R. M. Golding, and W. C. Tennant, J. Chem. Soc., 6032
(1965).
(17) D. Hadzi, thid., 2725 (1956).
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Tapre 1
1,4-NaPHTHOQUINONE MoNo(O-1oyLox sy
NOCONR
0O
Yiebl
parified,
No. R AMp, °C “ Purificn sofvent Procedure F'ormula”
I CH,C1 128132 G4 Et:0-petr ether 1 CHCIN Oy
2 CH; 132.5-134" A5 9-.1(/1 Ol 11 (?11[’{9.\‘();;4
4 (CH.CH, 16-47 B Petr ether I CpHNO,
4 (CHM«CH, T8=79 i MeCN 1 CuHuNO;

» Compounds are yellow,
contpaundz were analvzed for C, H, N** nuless otherwise noted.

b Lit.% mp 132.5° compound erroneonsly was reported as 4-nitroso-l-naphthol acetate ester, < All
YN enled, 6.51; found, 6.02.

Nitrosationof 2- [(diethylamino)methyl]-1-naphthol, '3 0
2-(piperidinomethyl)-1-naphthol, and 2-(2-benzimiduz- Cl
olyD-1-naphthol" afforded 2-[(diethylamino)methyl]- O‘

1. 4-naphthoquinone 4-oxime (XVIIa) (319), 2-(ptper- NHR
0 0
R XIXa R=(CH, N(C.H,,
C‘ b. R=1CH.;.N[{CH.,),OH].
¢. R={CH,).CH
NOH

XVIIa, R =CHN(CH.).

b.R=CH.N )
N
)\_\'
H

wdinomethyl)-1.4-naphthoquinone 4-oxime (XVIIb)
(726;), and 2-(2-benzimidazolyl)-1,4-naphthoqguinone
4-oxime (XVIIe) (6190), respectively. Ir curves (IKBr)
from XVIIa-¢ show strong carbonyl absorption com-
parable to that displayed by IX and XV indicating that,

(XIXDb) (7297), and 2-chloro-3-(octylamino)-1.4-naph-
thoquinone (X1Xe¢) (779). respectively (Table I1T).

To enable & broader delineation of structure
schistosomicidal relationships among the naphtho-
quinone derivatives, & variety of known substances were
resynthesized or procured from commercial sources.
The quinone imine derivatives N-chloro-1,4-naphtho-
quinone imine (XXa),'" 1.4-naphthoquinone mono(O-
methyloxime) (XIV),'2 1 4-naphthoquinone mono-
semicarbazone (XXb),?' {(4-ox0-1(4H)-naphthylidene)-
amino Jguanidine (XXe).?' L 4-naphthoquinone dioxinw
(XXD),”2 14-dihydro-1-imino-4-(phenylimino)-2-naph-

. ) ) . o R NOH
at least in the =olid <tate, the depicted guinoid tautomer
predominates, Z
Since 1.2-naphthoquinones also possess marked anti- ~ | |
glveolytic nctivity agamst S, mansoni,* a group of 4-
amino-1,2-naphthoquinones (XVIII) (5-14, Tuble IT) 0 NOH
) XXa. R=01 XXI
o b. R = NHCONH,
O‘ ¢, R=NHCNH.
NH
MRE. thol (XXII}?* and 4-anilino-1,2-naphthoquinone -
XV oxime (XXIID?* were prepared according to hterature

wis prepared.  These compounds were obtained in NH NOH
9-539% wvield by condensing 1,2-naphthoquinone-4- O 0
sulfonie aeid sodinm salt with the appropriate amine in l‘ O‘
H,O or aqueous EtOH (procedures IIT and IV). O

Treatment of 2,3-dichloro-1,4-naphthoquinone with an o
excess of  N,N-diethyl-1,3-propanediamine, 2,2’-[(3- ~HGH. NHCH:
aminopropyl)imino Jdiethanol, or octylamine afforded XXII XXIIl

2-chloro-3-{ [3 - (diethylamino)propyl]amino } -1,4-naph-
thoguinone (XIXa) (539%), 2-( 13- [bis(2-hydroxyethyl)-
amino Jpropylamino) - 3 - chloro - 1,4 - naphthoquinone

(18} (a) P, . Thompson, J. W. Reinertson, A. Bayles, D. A, McCarthy,

aml . F. Elslager. Am. J. Trop, Med. Hyg., 4, 224 (1955); (b) W, B. Hardy.
W, 8. Foster, and J. ¥. Hosler, U. 8. Patent 3,049,507 (1962).

14y P, Friedlinder ansl O. Reinkaalt, Ber., 37, 238 (1891).

120y J. Meisenheiner. drn., 358, 305 (1007).

(21) J. Thiele and W. Barlaw, 7bid., 302, 320 (1898).

(22) R. Nietzki and . L. Guiterman, Ber., 21, 433 (1888,.

23y R. Lantz and A, Walhl, Compt. Rend., 185, 1489 (1927

114) 4. Goldstein and H. Radovanovitch, Helr. Chine. .leer, 9, 733
119165,
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TaBLe 11
4-AMINO-1,2-NAPHTHOQUINONES®

No NRiRe Mp, °C
5 N<1 159164
6 NO 155-156 dec
- N
( NH—@ 228 dec
N
8 sa—~() 235-236 dec
9 N ) 130-131
10 I\Q 170-172
HON
11 NQ 121-125
12 N(CHXCH),N ) 97-99
13 NH >300
14 N 210-212

¢ Compounds ranged from orange to reddish brown.
reports mp 173-175°,

methods,**=2* and their physicalconstants wereinaccord
with those described previously. 3-Hydroxy-1,4-naph-
thoquinone 4-oxime (XXIVa),?® 6-hydroxy-1,4-naph-
thoquinone 4-oxime (XXIVb),* 3-amino-1,4-naphtho-
quinone 4-oxime (XXIVe),¥ 2-methyl-1,4-naphtho-

NOH NOH

XXIVa X=H;Y=30H XXV
b, X=60H; Y=H
¢, X=H:Y=3-NH,
d.X=H;Y=2CH,

quinone 4-oxime (XXIVd),*® 5,6,7,8-tetrahydro-1,4-
naphthoquinone monooxime (XXV),16.17.28 1 2_naphtho-
quinone 2-oxime (XXVIa),?® 4-chloro-1,2-naphthoqui-
none 2-oxime (XXVIb),* 6-hydroxy-1,2-naphthoqui-
none 2-oxime (XXVIc),? 1,2-naphthoquinone l-oxime

(25) H. Goldstein and P. Grandjean, Helv. Chim. Acta., 264, 468 (1943).

(26) O. Fischer and C. Bauer, J. Prakt. Chem., 94, 1 (19186).

(27) F. Kehrmann and M. Hertz, Ber., 29, 1418 (1896).

(28) These analogs were purchased from Distillation Products Industries
Division of Eastman Kodak Company.

(29) G. Schroeter, Ann., 426, 152 (1922).

(30) A. Reissert, Ber., 44, 868 (1911).

107
(0]
0O
NR|R,
Yield
purified,
% Purificn solvent Procedure Formula®
37 MeOH-Me,CO 111 C:HoNO,
19 EtOH IV C14H13N02
19 DAMA-H,0 111 C1:H1oN 02
22 D“IA—H;O II1 C15H10N202
33 -PrOH 11 Ci;HiNO;
32 ’L—PIOH II1 C[eHlsNzO;;
10 +~PrOH v CisHiiN O,
9 CsHs—petr ether v CisH2N,0,
32 DAA-H;0 I CisH,;uN,0,
50 EtOH 111 CaH1 N3 05

b Lit., Farbenfabriken Bayer Aktiengesellschaft, British Patent 806,079 (1958),
¢ All compounds were analyzed for C, H, N.3*

0 NOH
NOH O
A 9@
XXVIa,X=H XXVII
b, X=4Cl
¢, X=6-0H

(XXVII),® and 1,2,3,4-naphthalenetetrone 1,3-di-
oxime (XXVIII)® were obtained in a similar manner
by resynthesis or by acquisition.?—% Three hetero-

NOH NOH
0
N
NOH AN
) 0
XXVII XXIX

cyclic quinone monooximes were also studied, namely,
3,8-quinolinedione 3-oxime (XXIX),% 5,6-quinolinedi-
one 3-oxime (XXX),% and 5,8-isoquinolinedione 8-
oxime (XXXI).

The quinone derivatives described in the present
communication were supplied to Dr. Paul E. Thompson

(31) G. . Hargreaves, J. Am. Pharm. Assoc,, 18, 750 (1926),
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Tasig 111
2-AMINO-3-CHLORO-1,4-NAPHTHOQUINON &7 &

No. 19
}\-IXH (CI{~1‘)3N1;C211;)-;
XIXb (CH,)N(CH4«CH;OH
XINe (CHy):CH,

« Compounds were orange or orange-red.

NOH NOH
0 N XN
N7 =
(€]
XXX XXX]

and coworkers of these laboratories for evaluation
against a Puerto Rican strain of S, manson? in mice.*?
Drugs were administered in a powdered diet for 14 duys
and drug amounts are expressed as free base. 1,4-
Naphthoguinone mono[O-(chloroacetyvl)oxime] (1), 1,4-
naphthoquinone mono(O-methyloxime) (XIV), and
2 - (pipertdinomethyl) - 1,4 - naphthoquinone 4 -oxime
(XVIIb) possessed significant schistosomicidal activity
and effected a 50-719 reduction of live schistosomes in
infeeted mice at daily doses ranging from 301 to 632
myg/kg when given orally in the diet for 14 days.
However, none was ag promising as 1,4-naphthoquinone
nionooxime (IX). All other compounds lacked ap-
preciable antischistosome effects when administered to
mice at, near-toxie dose levels ranging from 173 to 742
mg kg per day for 14 days.

Experimental Section?3.*

1,4-Naphthoquinone Mono(O-acyloximes) (XV) (1-4, Table

I). Procedure I—Heptanoyl chloride (9.0 g, 0.06 mole) was
added with stirring to a solution of 10.2 g (0.06 mole) of 4-nitroso-
l-naphthol (Eastmau) in Et;0. kN (15 ml) was then added
drapwise and the mixture was stirred at room temperature for 3
hr. The Et;N - HCI that precipitated was collected and discarded.
The Et,0 solution was concentrated on a steam bath and petrol-
enm ether (bp 40-60°) was added to induce crystallization. The
prodnet was collected by filtration and recrystallized four times
froin petroleum ether to give 5.6 g (339%) of 1,4-naphthoquinone
mono (O-heptanoyloxime) (3) as yellow crystals, mp 46-47°.

Procedure II-—4-Nitroso-l-naphthol (Eastman) (5.0 g, 0.029
mole) was heared on u steamn bath with 10.0 g of Ac,O and 60.0
¢ of HOAc for 0.5 hr.  The mixture was poured into H,O with
vigorous stirring and the precipitate that separated was collected
by filtration and dried in vacvo. The crude product (5.3 g) wus
crystallized twice from 954, EtOH to give 1,4-naphthoquinone
mano(O-acetyloxime) (2) as yellow needles (2.2 g, 339), np

12.5-134° (lit.1% p 132.5°).

1,4-Naphthoquinone Mono[O-(p-tolylcarbamoy!)oxime] (XVI).
---A mixture of 6.2 g (0.035 mole) of 4-nitroso-1-naphthol and
4.8 g (0.036 mole) of p-tolyl isocyanate in 250 ml of Me,CO was
heated under reflux for 4 hr. A yvellow solid formed. The product

(32) Yor a description of test inethods, see P. B. Thompson, J. E. Meisen-
helder. and H. Najarian, Am. J. Trop, Med. Hyg., 11, 31 (1962).

(33) Melting points (corrected) were taken on a Thomas—-Hoover capillary
melting puint apparatus.

(34) Where analyses are indicated anly by symhiols of the elements or
functions, anmalytical results obtained for those elements or functions were
within £0.4% of the theoretical values.

AMp, 7O

149--151
91402
¥ Conmpounds were crystallized from FtOH.

Cl
NHR
Yiebl
purified, Formula®
105-206G a5 CrHyuCIN:O;- HO
el Ci1iHy CINLO,- HCL
N C1sH2:CINO,

*See Table I, footnote e.

wax collected by filtration and cryatallized from MeCN (o give

AT g (349%) of bright yellow ecrystals, mp 186.5-142°  Anaf,
1 HN205) C, H, N.
2-[(Diethylamino)methyl] -1,4-naphthoquinone 4-Oxime

({XVIIa).——2-{(Diethylamino)methyl]-i-naphthol hydrochloridets:
(2.73 g, 0.0103 mole) was dissolved in 100 ml of Hy,O and 1111l
of 1.V HC], the salution was cooled to 1°, and an aqueous solutian
of 0.71 g (0.0103 mole) uof NaNO, was added portionwize ur
4-6° with external cooling. The mixture was stirred at 0-1° for
0.5 hr and neutralized with 10 ml of 1 .V NaOH. The crnde
produet that separated (1.90 g) was crystallized from E(OH--11.0
to give 0.84 g (31%) of shiny brown needles, mp 136-138° dec.
A II/CIVZ. (ClsngNzog) C, H, ‘.\v
2-(Piperidinomethyl)-1,4-naphthoquinone 4-Oxime (XVIIbj.-
2-( Piperidinomethyl)-1-naphthal (20.0 g, 0.083 mole) was nitr-
sated with 5.7 g (0.083 mole) of NaNO, utilizing the procednre
described for the preparation of 2-[(diethylamino)methyl]-1,4-
naphthoquinone 4-oxime (XVIIa). The product (16.2 g, 72¢7
wus obtalned as brown needles from {-PrOH, mp 160° dec.
Anal. (C[sH[gNz()z) C, }’I, N.
2-(2-Benzimidazolyl)-1,4-naphthoquinone 4-Oxime (XVIIc1.
A salution of 0.92 g (0.00354 mole) of 2-(2-benzimidazoly!)-1-
naphthol®® in 50 il of hot HOA¢ was cooled rapidly to 13° and
a cald solntion of 0.24 g (0.00354 mole) of NaNOy in O ml of ;0
was added. The dark green mixiure was diluted with 150 1l of
H.0 and stirred at 13° for 1 hr. The green solid that precipitated
was collected by filtration, washed with H,O, and dried. The
crude produet (0.92 g) was crystallized from DMA-ILO 1, give
1,62 g (619), mp 273° dec. Anal. (CyHN:0y) ¢, I, N.
4.Amino-1,2-naphthoquinones (XVIII) (5-14, Table II), Pro-
cedure IIL.—A solution of 13.0 g (0.05 mole) of 1,2-naphtho-
quittave-4-sulfoniv acid sodium salt (Eastinan)® in 230 ml of
H.0 was cooled to 15° and 7.4 ml (0.071 mole) of piperidine was
added with stirring. An exothermic reaction ocemrred and the
temperature rose to 20°. The mixture was stirred ai 10-20° fo
0.3 hr and the red crystalline precipitate that separated wus
collected by filtratiun and dried.  Crystallization from -Prol
wive 6.4 g (3397 of 4-piperidino-1,2-naphthoquinone 195 a= dark
red crystals, mp 130-141°.

Procedure IV.—A solntian of 140 g (0.7 mole) of 1,2-naphiha-
quinone4-sulfonic acid sodinm salt (Eastman) in 3 1 of 0
was cooled to 15° aml treated with 63 1nl (0.77 mole) of pyrroli-
dine. The temperature rose to 19° and the solution turned bryw-
red. "The mixture wax stirred for 2 hr at 5-20°. When no jire-
cipitate appeared, the reaction nmixture was extracted with
CHCly and the combined CHCl; extracts were washed anee with
.0 and dried (KyCOy). The CHCl, was removed in vacno and
the residue was crystallized from -PrOH to give 46 g (417, 1 ol
cride produet, mp 149-152°.  Recrystallization from THOH
afforded 21.0 g (199) of pure 4-(1-pyrrolidiny-1,2-naphtho-
quinone (6) as reddish brown ervstals, mp 155-116° dec.

2-Amino-3-chloro-1,4-naphthoquinones (XIXa—c) (Table III).-
2,2'-[(3-Aminopropyl)iminoldiethanol (40.0 g, 0.25 mole) was
added to 20.0 g (0.087 male) of 2,3-dichloro-1,4-naphthoquinane.
At exothermic reaction occurred immediately and the tempera-
ftire rose to 135°, The viscousdark red oil was allowed to cool, and
dilnted with hot H;0, and the mixture was filtered. The residue
was washed with I1,0 and dissolved in CsHg, and the CsHs solution
was treated with decolorizing charcoal and filtered. The filtrate

(3:) . I.. Martin and L. F. Fieser in "'Organic Syntheses,” Coll. Vol. 111,
E. . Harning, Ed., John Wiley & Sons, Inc., New York, N. Y., 1935,
b 633,
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was treated with excess HCl and the precipitate was collected by
filtration and crystallized from EtOH. 2-({3-[Bis(2-hydroxy-
ethyl)amino]propyl }amino)-3-chloro-1,4-naphthoquinone hydro-
chloride (XIXb) was obtained (24.5 g, 729) as orange crystals,
mp 149-151°.

5,8-Isoquinolinedione 8-Oxime (XXXI),—5-Isoquinolinol (7.3 g,
0.05 mole) was dissolved in 50 ml of H,O and 6.5 ml of concen-
trated HCl and was treated at 5-10° with a solution of 3.5 g
(0.05 mole) of NaNO; in H:O. The mixture was stirred at 5-10°
for 3 hr and the product was collected by filtration and crystal-
lized from DMF. The product (1.4 g, 16%) was obtained as
olive crystals, mp 235° dec. Anal. (CsHeN:0;) C, H, N,

2-(Piperidinomethyl)-1-naphthol.—A solution of 72.0 g (0.3
mole) of 1-naphthol, 43.0 g (0.5 mole) of piperidine, and 38 ml
(0.5 mole) of 409, formalin in 500 ml of EtOH was heated under
reflux on a steam bath for 2.5 hr and chilled. The crystalline
precipitate that separated was collected by filtration and dried
at 45° in vacuo (70.1 g, mp 120-132°). The crude product was
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crystallized twice from EtOH, slurried into 500 ml of H:0, and
treated with 50 ml of concentrated HCl. The precipitate was
collected and heated to 90° in 2 1. of H,0, and the mixture was
filtered. The insoluble material was discarded. The filtrate
was treated with decolorizing charcoal, chilled, and made strongly
alkaline with 509, NaOH. The precipitate was collected, washed
with H;0, and dried at 65° in vacuo. Crystallization from EtOH
afforded 33.0 g (279) of pure product, mp 134-135°. Anal.
(CieHisNO) C, H, N.
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Anthelmintic activity has been discovered among some N,N-disubstituted thiophenepropionamidines and

thiopheneacrylamidines.

structure—activity relationships are discussed.

The discovery of a new class of anthelmintic agents
was reported in the first papers of this series.!2 It was
observed that certain compounds of the type rep-
resented by 1 are highly effective against the intestinal
nematode Nematospiroides dubius when tested in mice;
indeed one member of the series, pyrantel (2), has
undergone extensive evaluation in domestic animals and
in man.

| G
Ar NN UW N
> S /
MR IJ
N/ N
1 2
Ar=C,H,S, C.H,0. CH,
R =H,CH,

n=23
--»=optional bond

In pursuing the structure-activity relationships in
this series, we became concerned over the question of
whether a cyclic amidine system was essential to good
anthelmintic activity, Therefore, a number of non-
cyclic compounds (3) were prepared and tested. Very
early in this work N,N-dimethyl-2-thiophenepropion-
amidine (10) emerged as an analog active not only

U] NH
S” N CH,CHC

N(CH,):

AI‘ \_,/’\ C /NR;
\NR,R,
3 10

(1) W, C, Austin, W. Courtney, J. C. Danilewicz, D. H. Morgan, R. L,
Cornwell, L. H. Conover, H. L. Howes, Jr., J. E. Lynch, J, W. McFarland,
and V. J, Theodorides, Nature, 212, 1273 (1966),

(2) J. W. McFarland, L. H. Conover, H. L. Howes, Jr., J. E. Lynch,
D. R. Chisholm, W. C. Austin, R. L. Cornwell, J. C. Danilewicz, W. Court-
ney, and D, H. Morgan, J. Med. Chem., 12, 1066 (1969).

-HCl

Activity is associated with compounds in which one N substituent is Me and the other
is Me, Et, allyl, MeO, or MeNH. Substitution at the N’ position abolishes activity.

Synthetic methods and

against . dubius but also against the tapeworm
Hymenolepts nana; other active compounds were
subsequently discovered. The present work will de-
scribe the structure-activity relationships within the
noncyclic series of compounds, and will attempt to
correlate these findings with those of the cyclic series,

Chemistry.—Most of the compounds under discussion
were prepared by the action of imidate salts on amines
or aminelike substances. However, when an amine was
more conveniently available as its HCl salt, an alternate
combination was employed: the imidate salt was con-
verted to its free base, and the base was then allowed
to react with the amine salt.

Three general procedures were used to prepare the
requisite imidate salts. Method A followed the tech-
nique of Pinner, 7.e., the reaction of a nitrile with dry
HCl and an aleohol in dry Et;0. This method is useful
for preparing N-substituted and N,N-disubstituted
amidines, but is not suitable for the preparation of N'-
substituted compounds. Intermediates for the latter
substances are readily prepared by method B, the
formation of ethyl N-alkylimidates by the action of
Et;0+*BF,~ on an N-alkylamide. Some «,8-unsatu-

g 3
E0 RC< BF4 -
OCQHs

RCONHR, + Et,0'BF,~ + Et,0

rated nitriles tended to react very slowly or not at all
in the Pinner reaction; in such instances the reaction
of the corresponding amides with 1,3-propane sultone
(method C) served to prepare the desired imidate salt.?

(3) W. Ried and E. Schmidt, Ann., 676, 114 (1964).



