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starting material, and no dehydrated compound XIX. No other
substance could be detected.
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The anthelmintic activity against the mouse pinworm Syphacia obvelata is reported for several different types
of compound, including N,N-dialkylnaphthamidine sults, some highly substituted dihydropyridines with quater-

nary salt groupings, and some stilbazole and other quaternary salts.

Based on these results it was postulated

that an association of a ring moiety with a center which is cationic at physiological pH values might confer

anthelmintic properties on molecules.
three groups which had active members.

In previous publications!? we have mentioned that
one structural feature found in a high proportion of our
compounds with anthelmintic activity against the
mouse pinworm Syphacia obvelata was the existence of a
center of positive charge near or in a cyclic system.
Some of the compounds tested, which were ot pre-
viously reported, and the results which led to this
empirical observation are given below. This is followed
by the results of arbitrary selection of some compounds
fitting the same criterion of structure, which previously
had been prepared for other purposes, and a description
of their activity against S. obrelata in the mouse,

Methods

The compounds were prepared by methods reported in the liter-
ature unless otherwise annotated. All alkyl groups are normal
unless stuted otherwise. Those compounds tested initially
were selected as representative substances with a high numeri-
cal ratio of oral to intraperitoneal Lp; in the mouse as deter-
mined by Mr. R. V. Fanelli of these Laboratories. Testing
for pinworm activity was done essentially as described in a pre-
vious publication?® using mice infected by exposure to infected
“source mice” for 8 days, and dosed by gavage once a day for 2
duys thereafter, unless otherwise stated. Results are reported
as per cent clearance of worms by autopsy in comparison to the
worm count in simultaneously infected but untreated “control”
mice. Each result and each “control’”’ result are averages of 3
mice.

Experimental Data

Anthelmintie activities are given in Table I for repre-
sentative examples of the 2 types of compounds, 4-meth-
oxynaphthamidines? and quaternary salts of highly
substituted 4-(aminophenyl)-1,4-dihydropyridines$ of
which several members were found to be reasonably

(1) M. Harfenist, J. Am. Chem. Soc., 79, 2211 (1957).

(2) H. W, Brown, K. L. Hussey, K. F. Chan, M. Harfenist, R. V. Fanelli,
and E. Magnien, Tozicol. Appl. Pharmacol., 1, 350 (1959).

(3) (a) K. F. Chan, Am. J. Hygiene, 56, 22 (1952); (b) M. Harfenist, R.
V. Fanelli, R. Baltzly, H. W. Brown, K. L. Hussey, and K. F. Chan, J.
Pharmacol. Exptl. Therap.. 121, 347 (1957). Unless otherwise stated the
tests reported here were done by Drs. Brown, Hussey, and Chan.

(4) Prepared originally by Mr. E. Lorz as potential local anesthetics.
See E. Lorz and R. Baltaly, J. Am. Chem. Soc., 70, 1904 (1948). These are
shown in their symmetrical protonated form, as is reasonable in view of the
pKa values reported by E. Lorz and R. Baltzly, dbid., T1, 3992 (1949), for
related compounds.

(5) Prepared originally as potential curareform substances by Dr. A. P.
Phillips. See A. P. Phillips, tbid., T1, 4003 (1949).

Random selection of four groups of compounds with such structures gave

active against S. obvelata in the mouse, under our test
conditions. In addition to these, a few miscellaneous
quaternary salts either of substituted anilines (e.g., I)
or benzylamines (e.g., II) had appreciable activity.

CZCH@—KJ(CHS)S

0
I
I
CH(CHs),
+
OCHzCHzOCHzCHzI]\I(CHg)z Cl~
Cl CH2C¢Hs
CH; II

A number of other mono- and bis-quaternary salts
were prepared or purchased. Those with purely ali-
phatic substituents were inactive or had only slight
activity at a readily attainable dosage. One alicyclic
candidate, methyldodecylpiperidinium bromide, had
slight activity. As had been reported previously,
however, various quaternary piperazinium salts had
substantial activity.!—3

TaBLE I
NAPHTHAMIDINES ACTIVE AGAINST Syphacia obrelata

+
HyN==C==:NR,
selby
OCH,
9 worm
Approx. Dose, count
R oral LDso mng./kg./day redietion
i-C:Hy, 170 50 51
CeHus 240 80 93
C-His 2000 200 98
CsHis 3000 200 95

A small group of cinnamamidine salts® (111} were
found to contain one member, 2-chloro-N N-dibutyl-
cinnamamidine, R = Cl, R = C,H,, which cleared an

(6) M. Harfenist and A. P. Phillips, ibid.. 80, 6261 (1958).
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Tapre 11
DHIYDROTYRIDINES

CQOR CH:

I
COOR CHs
Approx,
oral Dosie, taoWorni
1), 105 k. couni
N 12 we. k. 1 day) rednetion
3-NiCHan CH; 1700 300 0
{-NtCH: CH. 1200 H00 a0
300 83
4-N{CHy2CH; CH; “ 300 46
4-N(CH».C H, CH; 3900 300 100
~I‘.\'"(‘H:ak)3(,‘;,Hn (‘H;‘, alo 200 aa
4-N(CH, ,CH.CoH, CH, 1700 950) 46
3-N{CH;% (:H, 1800 250 NG
1-N(CH. & C.H, 1400 330 (4
200 (22
3-NiCH;, CaH, 3000 300 27
1-N{CH; .CH; CH, N 300 33
3-N(C.H;x C:H. N 300 0

v Not determined die to shartage of compond,

average of 90Y¢ of the worms when given to miee at
200 mg. ‘'kg. per day for 3 days.’

R \
4o NHz _
CH=CH-C_ 1
W

NR’;
111

However, the analogous 2-methyl-N, N-dibutylcinnain-
amidine, R = CHy, R’ = C,H,, and also N, N-dihexyl-
cinnamamidine, R = H, R’ = 3Hy, were essentially
inactive against 8. obrelata,

Amidines found to be inactive, or ouly slightly active,
or toxic to the host inecluded those with a variety of
other aromatic ring systems holding N, N-dibutylaini-
dine gronps, or holding a few other amidine groups ot
comparable effective s1zc.

Inactive, slightly active, or toxic componnds related
to those in Table II whichh were tested meluded the
tertiary (dimethyl) amiues corresponding to certain
of these quaternary salts, i.c.. dihvdropyridines rc-
scmbling the prototype heading Table II, but with
X = N (CHy).  One trne pyridine (1V), correspond-
ing to one of the dihydropyridines (Table 11, line 8)
with a high apparent therapeutic index, had moderate
activity (7690 clearance) at 350 mg. kg.. which 1=
approximately one-third of its oral Loy, i the monse,

C,H.00C CH,

+
(CHs)sN

C,H;00C CH;
v

1t scemed desirable on the basis of these results and
the known activity of gentian violet and of piperazine,
to =tudy other componnds with a cyelic structure
associated  with a  quaternary grouping. A small
random group of snucl compounds was obtained through

17y Uhieke rexplis wece deteriabined by Dy Ro 13 Ticenws o tlese Luboru-

Testios,

Vol 6

the cooperation of Dr. W, Mark Duffin of the Welleome
Rescarch Laboratories at Beekeulianm, Fngland.  The
few such compounds available in the required amonnts
were selected arbitrarily from files listing conpoinds
made for other purposes at The Wellcome Rescarels
Laboratories n Fugland,  Among them were repre-
scntatives of three types of gquaternary salts and ane
tertiary aminopyrrocoline which we guaternized with
scveral alkyl halides> 1t ix of Interest that of these
fonr gronps, three had members with substantial ae-
tivity against S, ofwelata m the monse.  Thios nean-
thone methiodide® (Va) given at 800 g, kg, for 2 davs
cleared worms from the nifected mice completely, while
the corresponding cthiodide® (Vh) cleared 960, of the
parasitesat the smne rather high dosage.

2 HNC;HA:}I(C;H;,)Z
C

N g

Vi, R =

H;)
\h, R P

¢
C.H

i

Analogously, cach of the two rather complex stitha-
zole quaternary salts VI and VIIY had appreciable
activity i the test; V1 clearing all of the worms at o
rather high dosage (abont 1500 mg.-kg.) and VII ve-
noving 63¢¢ of the worns at 2600 mg. ‘kg.  The dosage
m each case was less than 'y of the LDj but was the
most that conld eonventently be given.

(CHsdzN@ (/\b@»m{z
~A+—CH=CH — Z
N N -C,H80;™

CH,
Vi
m “NH;
x ﬁ/ CH=CH- B
1
CH,

VIL

Fixamples of the aminoalkylpyrrocoline quaternary
salts® which weve foind to be active against S, obrelalu
arc tabulated in Table HI.  These were given to nat-
nrally infected nice for only a single day because of
reviston i the testing procedure.  Compounds in which
R wax CH,, Cols, or CyH:, and A simudtanconsly was
('H.. were essentially maetive,

Discussion

The resilts reported here were responsible for s
generalization that one tvpe of structure associated
with anthelmintic activity would have a group beuar-
ing a positive charge (at physiological pH values) axs-
sociated with a evelie motety.  As has been shown,
this empirical correlation was nsed i1 o successtful at-
tenpt to select compounds on grounds ouly of chemical
structure, which were found to have a far greater pro-
portion of acfive compounds thann would have been
anticipated on statistical gronuds.  Admittedly thesc

wml relaied corapornds will be deseribel in e Note

.8) Byntheses of 1hes
10 be submitted to J. Ory. Clen.

o0 Prepared by Dr, T. M. Shiap. See J. Chem. Soe., 2062 (19515,

10V Prepared Ly Deo L G Caldwell of The Welleome Reserelr Licsocn

1ories, Fnsland.
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Tasre III ] 2]
ANTHELMINTIC ACTIVITY OF PYRROCOLINE QQUATERNARY SALTS @ /\/C—CH:CH-—CH:CH—CH:(ji @
A N* - N
| + | 1 |
CHCHzl\ll(CHs)z CHs C.Hs
AR x- VIII
N COCH, of nematodes!’ while piperazine apparently affects
Approx. the neuromuscular junction at the site of action of
E'S: ml;‘f]; ‘720‘1‘;:”’ acetylcholine i the lvlematode Aflscam's Zumbr;'coideg,“-’
R x A g ke (1day)  reduction and N-carbethoxy-N’-methyl-N’-tetradecylpiperaziu-
C,H., 1 CH, 400 300 75 ium salts and various bisquaternary salts of piperazine
C.H,, Br CH, 840 200 06 cause a rigid paralysis of the same nematode,!2 anal-
CsHis Br CH, 2500 300 83 ogous to that caused by succinyl choline chloride.'
(‘H/=CH—CH, Br H “ 300 44 We may speculate that compounds with a cationic
CH,=CH—CH, Br CH, 2000 300 99 center are likely to have activity at the neuromuscular
CH,C=CH Br CH; ) 300 7 junction in these nematodes,™ and that the ring struc-
CH.CH,C=CH Tos" CH; 2000 300 91 tures may be necessary either to prevent destruction of
CH.C:H, Ci H _a %00 ot the compound or to cover a large fixed area on some
CH.CH. cl CH. 1500 388 ](_)g enzyme onto which the compounds are held by their
300 (()7 positive charge. Presumably a quaternary non-cyelic
CH.CH,CL(24: O CH, 1700 300 100 carbon could accomplish both of these objectives as
200 45 well as a cyclic structure does, but we have not in-
CH.CH,CH.(4) Cl CH: 1600 300 100 vestigated compounds having such groups.
200 47 Since useful anthelmintic activity depends on differ-

“ LDy not determined. * Tos = p-toluenesulfonate.

compounds were selected from those at hand m a
laboratory devoted to making potential drugs, and so
some selection is implied by the origin of the group from
whichi the selection was made. However, the com-
pounds selected were not synthesized originally for use
against intestinal parasites.

This is not to say that all compounds with these
structural features are active anthelmintics. Lack of
space precludes our listing most of the compounds
whiclt were fouud in our sereening tests to have little or
no activity against S. obvelata, which have these struc-
tural features. Also, one cannot say that these struc-
tural features are necessary for anthelmintic activity.
TFixamples of antibiotics, phenolic compounds, presumed
folic acid antagonists, etc., with activity against S.
obrelata and against the human pinworm FEnterobius
vermicularts are well known. Several mechanisms
may well be operating even in the case of the positively
charged compounds known to have anthelmintic ac-
tivity. For example 3,3’-diethylthiadicarbocyanine
todide (dithiazanine) (VIII), which formally fits our
schieme, is believed to affect respiratory enzyme systems

ential effects such as relative non-absorption by the
host but absorption by the parasite, action on enzyme
systems which differ between host and parasite, or the
swamping of the entire parasite by an irritant drug
which merely is briefly disturbing to the host, further
speculation unsupported by studies of the precise
modes of action of our various compounds seemns un-
profitable.
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