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The inventors of this invention in the sense of being the devisers thereof within
the meaning of Section 16 of the Patents Act 1949, are: ARTHUR PAGE PHILLIPS,
5 Hilary Way, Twickaloe, New York, and ROBERT B. Burrows, 6 Western Drive,
Ardsley, New York, both citizens and residents of the United States of America,

COMPLETE SPECIFICATION

Styryl-Pyndlmum Compounds, the Preparation thereof, and
Pharmaceutical Compositions thereof

« ’ We, THE WELLCOME FOUNDATION LIMITED, a Company incorporated in England,
of 183—193 Euston Road, London, N.W.1, England, do hereby declare the invention
for which we pray that a patent may be granned to us and the method by which it
is to be performed to be particularly describeéd in and by the following statement: —
5  The present invention relates to styryl-pyridinium compounds, to the preparation 5
thereof and to pharmaceutical compositions thereof.
It has been found that compounds of the distilbazole cation of formula (I)
are active against parasitic nematode worms, for example Syphacia obvelata and
, Aspiculuris tetraptera in mice, Ancylostoma caninum, Toxocara canis and T. cati in
10 ° dogs and . cats, Uncinaria stenocephala, Toxascaris leonina and Trichuris 2ulpis in 10
dogs, Trichwris trichiura, Oesophagostommn apiostomum and Physaloptera spp. in
monkeys and Enterobms vermicillaris (the common threadworm or pinworm) in man.

R RNO' —Q—cﬂ=cu-®-~u

T 1))
In formula (I): NR'R? is the same in each occurrence and is a dlmethylammé, N-
ethyl-N—methyla:mno, diethylamino pyrrolidino or piperidino group; and R® 15 a 15
methyl ethyl, n-propyl, n-butyl or benzyl group.
=7 The jodides of the 1-methyl-2,6-bis-(p-dimethylaminostyryl)-pyridinium, 1-ethyl-
2,6-b1s-(p-d1methylammostyryl)pynd1mum and 1-methyl-2,6-bis-(p-diethylaminostyryl)-
: ' pyfidinium cations have been described in the literature, but have not previously been
20  described as having any biological activity. 20
*. “azz"The anthelmintic activity of the compounds resides in the cation, and the anion
-~ .associated with the cation is relatively unimportant. However, it is preferably phar-
fiacologically and pharmaceutically acceptable, being, for example, iodide, bromide,
chlonde, p-toluenesulphonate, methylsulphate or ethylsulphate.
25 The preferred compounds of the distilbazole cation of formula (I) are those 25
: wherem NR'R® is a pyrrolidino or piperidino group and R® is a methyl, ethyl or
: n-propryl group. These preferred compounds have low oral toxicities in mice.
: In-the following Table the activities and toxicities of iodides of the distilbazole
‘cation of formula (I) are given. The iodides were found to be sufficiently non-toxic
30 at the doses used and were administered orally to mice in single doses measured in 30
terms of mg. of cation to kg. body weight of the mice. The activities were
measured against Syphacia obvelata in terms of the percentage of worms removed
The toxicities were measured as LD;,. _
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3. A nethod for

The compounds of the distilbazole cation of formula () are prepared by
the condensation of two equivalents of an appropriate N,N - dlsubstltuted p - amino-
benzaldehyde

with one equwalent of a 1-R%- ,6-dnnethy1pyndm1um salt.

(p—NR'R™.C,H,.CHO)

The reaction is conven-

jently effected in a solvent (for example a lower alcohol) in the presence of a basic .
catalyst such as a secondary amine (for example piperidine).

It is preferable that the anion in the 1-R5-2,6-d1methylpyndlmum salt 1s»th'6"\ .
anion which is desired to be associated with the distilbazole cation of formula @ .

10

10

because the compounds of the distilbazole cation are very sparmgly soluble in-most._z"
solvents and the double decomposition of the compounds into salts of any othér.

anion is rather troublesome.

15

20

To obtain the desired anion in the 1-R*-2,6-dimethyl-
pyridinium salt, the salt is prepared by quaternisation of 2 &dnmethylpyndme with
a compound R°X, wherein X is an equivalent of the desired anion, or by double
decomposition of the salt prepared into that of the desired anion. For example; 3 A
‘R® is to be ethyl and X is to be iodide or ethylsulphate, ethyl iodide or. dlethyTr
sulphate respectively is used in the- quatermsanon of 2,6 - dxmethylpyndme, \orzf
a 1-R°-2,6-dimethylpyridinium jodide is prepared and ‘the chloride is desired}’

double decomposition may be effected by warming the iodide with methang"
hydmgen chloride.

o

15.

0 :

The chemistry of the preparation of the 1-R%-2 6-d1methylpynd1mum salt and
of the compounds of the distilbazole cation of formula (I) limits fairly precisely
the nature of the group R’ in the compounds of the distilbazole cation. The normal

25 .

diminution in the reactivity of -alkyl halides with the increasing size of the -alkyl

25

group is accentuated by the steric hindrance of the two methyl groups in 2,6-dimethyl-
pyridine. - Therefore, R® is' not a branched alkyl group and the alkyl group is

limited to contammg not more than four carbon atoms.

benzyl group is usable.

30

The compounds of the dxstxlbazole catwn of formula (I) may be presented in

Also the more reactlve

30
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solutions, if sufficiently concentrated, range from pink to red In water, however,
the compounds are so insoluble that the water is not visibly coloured. The colour

15 - is due to an intense but broad absorption band; the maximum is at about 495 mu

. (Cm=55,000 to 60,000), but intense abs'orption (Cm=40,000 or over) occurs from

- about 460 my to about 530 mp.

' The compounds of the distilbazole cation of formula (I) melt well above 200°C.
+ They melt probably with decomposition, this being somewhat dependent on the rate
20 of heating. Further, the dark colour of the compounds renders precise observation
- of the melting points extremely difficult. Therefore, the data on the melting points
in the following Examples must be regarded as only approximate. They are of

- little value for identification and are of no value as criteria of purity.
The following Examples illustrate but in no way limit the scope of the present

25 invention. All temperatures are given in degrees Cenugrade

ExampLE 1
A mixture of 1 - eth 1 = 2,6 - dimethylpyridipium ilodide (2.6 g.), methanol
(100 ml), p - pyrrohdmobenzaldehyde (4.2 g.) and piperidine (1 ml) was refluxed
on a steam bath. In less than 1' hour solid 1 - ethyl - 2,6 - bis - (p - pyrrolidino-
30 styryl)pyridinium iodide precipitated and heavy bumping started. - After 2 hours the
solid was collected and the filtrates refluxed for a further 20 hours. A second crop
was obtained, and on standing another day a third crop was dbtamed The product
“had a had a melting point of 282—283°.
The product wag nearly insoluble in hot methano! and was purified by washing
35 -several - times with ether and then digesting once or twice with ten to twenty times
its weight of hot methanol. . Because it was difficult to recrystallise, nearly all insoluble
impurities such as dust and boiling stones were removed from the easily purified
reactants before the final condensation stage and were avoided as much as possible
thereafter.

40 .—— On a larger scale, the bumping in the final condensation stage became a

ma)or problem. In such cases.a powerful stirrer was used or the reaction-mixture
" was held at 60~65°, that is, below the boiling pomt of methanol.

e “ma

ExamrLE 2

. "z '1-= Ethyl - 2,6 ~ dimethylpyridinium jodide (10 g.) was dissolved in methanol

45 - +.(200 mi.) and hydrogen chloride was run in until 20 g. had been absorbed. The

. T"solution was then warmed on a steam-bath, most of the solvent being gradually
dlsnlled out. Methanolic hydrogen chloride (100 ml; 10%) was then added, and
* "thie procedure repeated. The flask was evacuated on a steam-bath, and the residue

. of 1w ethyl - 2,6 ~ dimethylpyridinium chloride was suitable for syntheuc purposes.

50+ _ Ethyl - 2,6 - dimethylpyridinium’ chloride and p - pyrrolidinobenzaldehyde

T were/ ondensed in 2 manner-similar to that described in Example 1. 1 - Ethyl - 2,6 -

. bis.-+(p - pyrrolidinostyryl)pyridinium chloride decomposed above 270°.

T ExampLE 3
. The followmg compounds were prepared in a manner similar to that described
55 in Examples 1 and 2:
‘2) 1~ methyl ~ 2,6 - bis -~ (p - pyrrohdmostyryl)pyndmxmn iodide, meltmg with
decomposmon at 295—297°;
b) 1.-'n - propyl - 2,6 “bis - (p pyrrolidinostyryl)pyridinium jodide, melting
' thh decomposmon at 265—267°; and -

60 - €)1~ n - propyl - 2,6 - bis - (p pyrrohdmostyryl)pyndmlum p - toluene-

sulphonate, decomposing about 260°.

!
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8. A nethod for the preparation of a conpound with a cation of the formula

[err] wherein R err] is a nmethyl, ethyl, or n-propyl group which
conprises the reaction 10 bet ween.2 equi val ents of

p- pyr.colidi-nebenzatdehyde wth one .equivalent of a 1 - 10 . (et hyl,
ethyl or n-propyl) - 2,6 - dinethylpyridiniun1salt 9. An oral
phar maceut i cal conp05|t|on conprising 4d,therapeutically acceptable

salt having a cation of the formula [err] 15 wherein NR[err] Rl err]
is the same i B each occurrence and is qmﬁﬁﬁnhylan1no diethylanino 15

or N - ethyl -

CI.{D

n-propyl, n-butyl SEP‘““ ﬁfe Wagcongertggim‘ﬁ?og‘\et maceut ically \./

Illll;l-\lll\‘/wneh . m t
accept abl e carri 8 N,N dimetth o Ukl Thos 05, gfe%‘ﬁ ution or
suspensi on of t havas asedl t(Sﬁdelﬁard the aonbwmwcodup&mdm:)@tmmer smnlar to tBdt descripgl dS of t he

type comonlsy e B&Bemlelln chem c as.sol vents, unless anot her 205
ngr maceut i ngj gm);g | m}&pgn glp héq Ua@ﬂxdmostyryl)pyndmmm iodide, melting with
. 1

20 ' PLathyD Bﬂ%eﬂﬁp' £ giberRRNBANbridRunt REBY inkitig with
t her apeuti cal | y aleaoamtsﬁhiaz42—244° sal.t having a cation of 'the formula

10 ¢)1-n - propyl - 2,6 - bis - (p - plperldmostyryl)pyndxmum iodide, melting 10
- with decomposition at 228-—-229° and
d) 1 - n - butyl - 2,6 - bis - (p - piperidinostyryl)pyridinium iodide, melting with
decomposmon at 245—247°,

ExAMPLE 5
15 In a manner similar to that described in Example 1, 1 benzyl - 2,6 - bis - (p- 15
dimethylaminostyryDpyridinium iodide, melting with decomposmon at 206—207°,
wag prepared.
1 - Methyl - 2,6 - bis - (p - dxethylanunostyryl)pyndmc iodide melting with
decomposition at 235—236°C, may be prepared in a manner sxmllar to that described
20 in Example 1. : 20
WHAT WE CLAIM IS : —
1. A method for the preparation of compounds of the distilbazole cation of

the formula:
R’R'NO- CH=CH -O—cu CH-Q—NR R |

; ' ' R

25 wherein- NRIR2 is the same in-each occurrence is a dimethylamino - N - ethyl - N - 25
methylamino, diethylamino, pyrrolidino or' piperidino group, and R® is a methyl,
ethyl, n—propyl n-butyl or benzyl group, other than the iodides of the l-methyl-Z 6-
bis - (p - dimethylaminostyryl) - pyridinium, 1 - methyl - 2,6 - bis - (p - diethyl~
aminostyryl)pyridinium and 1 - ethyl - 2,6 - bis - (p - dlmethylammostyry!)pyndunmn

30 cations; characterised in that two equwalents of an appropriate NN - di - substituted 30
p - aminobenzaldehyde of formula R—R!R*N—C H; CHO are “condensed with one
-equivalent of a 1-R®-2,6-dimethylpyridinium salt. :

2. A method for the preparation of a compound with a cation of the formula

O«-@—cm—cu@c#cu-@-u@ | ,,_._:\ _

35 wherem R® is a methyl, ethyl or n-propyl group characterised in that two equlvalemts 35.
of p - pyrrolidinobenzaldehyde are condensed with one equivalent of a 1-R%-2, 6-d1- LT
methylpyridinjum salt in a solvent in the presence of a basic catalyst.
3. A method for the preparation of a compound with & cation of the formu!l&

-' g

{ }«chw@_m_zmg,,o <5
' RS

N

40 wherein-R® is a methyl, ethyl or n-propyl group characterised in that 2 equivalents of 40
p - piperidinobenzaldehyde are condensed with one equivalent of a 1-R”-2 ,6-dimethyl-
pyridinium salt.

" 4. A mothod for the preparation of a 1 - ethyl - bis - 2,6 - (pl pyrroﬂldmo-
styryl)pyridinium salt which comprises the reaction of two equivalents of p -

45 pyrrolidinobenzaldehyde with one equivalent of a T - ethyl - 2,6 - dimethylpyridinium 45
salt in a solvent in the presence of a basic catalyst.

. 5. A method for the preparation of 1 - ethyl - bis - 2,6 - (p - pyrrohdmostyryl)—
pyridinium fodide which comprises the reaction of two equivalents of p - pyrrolidino~



wherein R err] is a nethyl, ethyl, n-propyl, n-butyl or benzyl group

together with a 25 pharmaeceutical |y acceptable carrier therefor.

25 11. An oral pharmaceutical, conposition conprising a v e

t herapeutical ly acceptabl e salt having a cation of the formula [err]
wherein Rlerr] is a methyl, ethyl, 'n-prop n- butyl or benzyl group
together with 4 30 pharnmaceuti cal D/ acéé’%ﬁ%l e carrier therefor. _ :

30 - 12. A conpound with a cation ghubdres formula [err] @,I
wherei n NR[ err] R[ er r N-Busnylphperidige s civetd hn@;scpfpérmm&namdayd@ nielting point R
di met hyl am no, N 63-e64%y by reagon with NN ylfprramude q9d cohog yhomhcmrlde gdrol i di no ,
or piperiding gr omﬁ;xaﬁ ?if@fer']"e follown ds @t"hwnm"ﬁm ar to ﬂatp‘*eﬁﬁr d ;

n-butyl or benzyl~grg m@ﬂlheQéh&E‘ f(bepipgﬁmé&g&yl almnladmetm&ng%u& bi s- (p-

35 di et hykie:mupwaéw $9;di ni um 2,6 - bis - (p -
di et hyl ani nost yr yI ) :;)polsl' etht ’ u(ﬂ Plaﬁ&ﬂms‘mnpymw “’ﬂlds JSeltinglpi - (p -
di et hyl am nﬁSt yr ? B%ai ﬂ}i - bis - S:9irp4:rﬂ!i]:u%styu‘yl)pyndnnum iodide, melting 10

with decomposmon at 228-—-229°, and
-1 - butyl - 2,6 - bis - (p - piperidinostyryD)pyridinium jodide, melting with
decomposmon at 245—247°. ‘

EXAMPLE 5
15 In a manner similar to that described in Example 1, 1 - benzyl - 2,6 - bis - (p- 15 -
dimethylaminostyryl)pyridinium iodide, melting with decomposition at 206—207°,
was prepared. ' :
1 - Methyl - 2,6 - bis - (p - diethylaminostyryl)pyridine iodide melting with
‘decomposition at 235—--236°C may be prepared in a manner similar to that described - ;
20 in Example 1. _ 20 f
WHAT WE CLAIM IS: —

1. A method for the preparation of compounds of the distilbazole cation of

the formula:
R’R’N-O' CH=CH —QC H=CH_Q_ NR'R®
| ! -

25 wherein NR'R? is the same in each occurrence is a dimethylamino - N - ethyl <-N.- . 25
methylamino, diethylamino, pyrrolidino or piperidino group, and R® is a methyl,
ethyl, n-propyl, n-butyl or benzyl group, other than the iodides of the 1-methyl-2,6-
bis - (p - dimethylaminostyryl) - pyridinium, 1 - methyl - 2,6 - bis - (p - diethyl~
ammostyryl)pyndmmm and 1 - ethyl - 2,6 - bis - {p - dunethylanunostyryl)pynduuum :

30 cations; characterised in that two equivalents of an appropriate N,N - di - substituted 30
? - aminobenzaldehyde of formula R—R'R*N—CH;.CHO are “condensed with one '
equivalent of a 1-R*-2,6-dimethylpyridinium salt.

2. A method for the preparation of a compound with a cation of the formula

OI;Q-:H-—;CH—@CH#H—Q—NO

35 wherem R’ is a methyl; ethyl or n-propyl group characterised in that two equivalents 35
. of p ~ pyrrolidinobenzaldehyde are condensed with one equivalent of a 1-R*-2,6-di- ~
methylpyridinium salt in a solvent in the presence of a basic catalyst.
3. A method for the preparation of a compound with & cation of the formula

QQ@QCMQNQ _

40 wherein R® is a methyl, ethyl or n-propyl group characterised in that 2 equivalents of 40
p - piperidinobenzaldehyde are condensed with one equivalent of a 1-R*-2 ,6-dimethyl-
pyridinium salt.

4. A method for the preparation of a 1 - ethyl - bis - 2,6 - @ - pyrrohdmo—
styryDpyridinium salt which comprises the reaction of two equivalents of p - )

45 pyrrolxdmobenzaldehyde with one equivalent of a 1 - ethyl - 2,6 - dimethylpyridinium 45

' salt in a solvent in the presence of a basic catalyst.
S. A method for the preparation of 1 - ethyl - bis - 2,6 - (p - pyrrolidinostyryl)-
pyridinium iodide which compnses the reaction of two eqmvalents of p - pyrrolidino~

KT ) 0 o




6 1, 009, 301 13. A
conpound of the 1 - nethyl - 2,6 - bis - (p - pyrrolidinostyryl) -

pyri di ni um cati on. 14. A compound of the 1 - ethyl - 2,6 - bis
= (p—pyrrofidinostyryl)pyridinium cation. 5 15. A
conmpound of- the 1 n - propyl - 2,6 - bis -, (p - pyrrolidinostyryl) - 5
pyri dini um cati on. 16. A*conpdund of the 1 - nethyl - 2,6 -
bis - (p - piperidinostryl)pyridinium cati on. 17. A

conmpound of the 1 - ethyl - 2,6 - bis1009301- piperidinostyryl)pyridsnium 10
catiop..
10 . | egz:l:lgl:y ih one qutalfﬂh g 1~ ethyl 26pr l eﬁylpyndémlgn lodgf én a (p )
pi peridi nostyryl) pys.ixlimethodTFor the preparaﬁ&f bfOstyrylpyridinium compounds1f. deflned aft hyI -
2,6 - bis -_(p -clpsarlrswsnamam %dpmem um | odi de.
i
Te
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of the claims 1 >'A method for the preparation of a compound with a cation of the formula
15 e F. HASLAM
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- wherein R® is a methyl, ethyl, or n-propyl group which comprises the reaction
- 10 between 2 equivalents of p-pyrrolidinobenzaldehyde with one equivalent of a 1 -~ 10
(methyl, ethy} or n-propyl) - 2,6 - dimethylpyridinium salt.
9. An oral pharmaceuncal composmon comprising a therapeutically acceptable
salt having a cation of the formula

R RN-O- CH=CH -Q— H—cu-Q-mz R*

15 wherein NR'R? is the same in each occurrence and is a dimethylamino, diethylamino 15
or N - ethyl - N - methylamino group and R°® is a methyl, ethyl, n-propyl, n-butyl
or benzyl group together with a pharmaceutically acceptable cartier therefor but
not including 4 simple solution or suspension of the said salt in a liquid or mixture
of liquids of the type commonly employed in chemical work as solvents, unless another
20 pharmaceutical excipient s also included. 20
10. An oral pharmaceutical composition comprising a therapeuncally acceptable
salt baving a cation of the formula

0'@"*‘”‘@""“"”‘@"“@

wherein R® is a methyl, ethyl, npropyl, n-butyl or benzyl group together thh a
25 M_’__Ehannaceutlcally acceptable carrier therefor. 25
11. An oral pharmaceutical composition comprising a therapeutically acceptable
g ~salt having a cation of the formula

. C~Q«~=c~@w=c~0~c> .

whemln R® is a methyl, ethyl, n—pmpyl n-butyl or benzyl group together with a
30 -pharmaceutically acceptable carrier therefor. 30
' \__/12 A compound with a cation of the formula

S g

—~

e RRN O,, CH=CcH _Qc H=cy-O-NR'R'
. )
: 5

wherein NR'R? is the same in each occurrence and is a dimethylamino, N - ethyl - N-
methylamino, diethylamino, pyrrolidino or piperidine group, and R°® is a methyl, ethyl,
35. . n-propyl, n-butyl or benzyl group, other than the iodides of the 1-methyl-2,6-bis-(p- 35
- dimethylaminostyryl)pyridinium 1 - methyl - 2,6 - bis - (p - diethylaminostyryl)
pyridinium and 1 - ethyl - 2,6 - bis - (p - dimethylaminostyryl) - pyridinium
cations. ' '
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Pt
. 13. A compound of the 1 - methyl - 2,6 - bis - (p - pyrrolidinostyryl) - o
pyndxmum cation.
14. A compound of the 1 - ethyl - 2,6 - bis - (p - pyrrolidinostyryl)pyridinium
cation.
5 "~ 15. A compound of the 1- n - propyl - 2,6 ~ bis - (p - pyrrolidinostyryl) - 5
pyrldxmum cation.
16. A compound of the 1 - methyl - 2,6 - bis - (p - piperidinostryl)pyridinium
cation.
17. A compound of the 1 - ethyl - 2,6 - bis - (p - piperidinostyryDpyridinium
10 cation. 10
18. A compound of the 1 - n - propyl « 2,6 - bis-(p - piperidinostyryl)pyridinivm
cation.
19. 1 - Ethyl - 2,6 - bis - (p - pyrrolidinostyryl)pyridinium iodide,
20. Styryl - pyndxmum compounds when prepared by the method claimed any
15 of the claims 1 to 8. 15
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