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glass euds were cloxe to the bottom of the vessel, but apart from
each other. The other ends of the tubes were connected by
Tygon tubing to glass tubes which penetrated the rubber stopper
of a 12-1. filter flask. A valve to the atmosphere from the filter
flask was included as a conveuient device for breaking the vac-
uum.

Stirring was initiated and the =olution was cooled in a Dry
Ice-Mey,CO bath. Crystalline 3-methyl-2-thiophenecarboxalde-
hyde formed; stirring was stopped when it wax no longer prac-
ticable. When precipitation ceased, the remaining liguid pha~e
was drawu off by reducing the pressure iu the filter flask. The
vacuum was then broken, aud the crystalline material in the
round-botton flask was allowed to melt. To the liquid aldehyde
was added 1 1. of fresh EtOAc¢. The uew solution was again
chitled with stirring, aud when no more 3-methyl isomer crystal-
lized, the liquid phase was drawn off.  This process was repeated
forr more times to give fiually 1787 g of material from which no
trace of the 4-methylisomer could be detected by gas-liquid parti-
tion chromatography. The final melt was fractionatly distilled
to remave traces of EtQAce and some color, and to give 1670 g of
pure j-methyl-2-thiophenecarboxaldehyde as a clear pale yellow
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oil: bp 95° (5 mm), n%®p 1.5859, mp — 9.5° (uucor). The litera-
ture® valnes are bp 100-101° (15 mm), n2p 1.5882.

By concentrating the combined filtrates and repeatiug the
process essentially as dexcribed above, additional pure 3-methyl
ixomer was obtained: yield 1498 g.

4-Methyl-2-thiophenecarboxaldehyde was prepared according
to the method of Gronowitz and coworkers.#® The product so ob-
tained consisted of an 85:15 mixture of the 4-niethyl and 3-methyl
ixomer=.#® The mixture of isomers wax used to prepare 112 which
was subsequently converted to 76. The numr spectrum of thix
latter substance indicated that less thau 5¢7 of the 3-methyl
ixomer could have been preseut.
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Authelinintic activity has been discovered among some {rans-1-(2-arylvinypyridinium salts which are siruc-

turally analogous to irans-1,4,5,6-tetrahydro-1-methyl-2-[2-(2-thienyl)vinyl|pyrimidine (pyrantel).
ture—activity relationships iu this new series parallel very closely those found in the pyrantel group:
decreasing order of potency among various aryl systems is 2-thieny! > phenyl > 2-furyl;

The strue-
Z..(‘,., (l) the
(11) ortho substituents

on the aryl moiety are compatible with activity while substituents elsewhere result in the loss of activity or a

reduction i potency;
arylethyl) analog;
substitution of the pyridine ring b\ methyl at the 2

elsewhere on the pyridine ving results i the loss of activity.
1-[2-(3-methyl-2-thienyl)viuyllpyridinium bromide (63),

are 1-[2-(2-thienyl)-viuylipyridinium bromide (62),
and 1-(2-methylstyryl)pyridinium bromide (66).

Pyrantel! is a highly effective broad-spectrum anthel-
mintic agent and is currently gaining acceptance as a
veterinary drug in many areas of the world. We have
previously shown?—* that pyrantel is one outstanding
member of a broad class of amidines which exhibit
anthelmintic activity. In another publication? we de-
scribe the structure-activity relationships in this class
of compounds. From these relationships certain struc-
tural features appear to be necessary for activity: (i) a
positively charged unit, (if) a simple aromatic system,
and (ii1) a two carbon atom chnin separating the positive
charge from the aromatic ring. Other factors limit ac-
tivity, but consideration of the features postulated
above led us to search for other classes of compounds
which might also fit this general description and possess
useful biological properties.

One class of compounds which meets these structural
criteria are the 1-(2-arylvinyDpyridinium salts*® (see
119). On the basix of gross similarity to pyrantel, 1-
[2-(2-thienyl)vinyl]pyridintum bromide (62}, which has

(1) Pyrantel tartrate, Banminth®,

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

(3) J. W. McFarland, L. H. Conover, H. L. Howes, Jr., J. E. Lynch, D. R.
Chislcolm, W. C. Austin, R. L. Cornwell, J. C. Danilewicz, W, Courtney,
and D. H. Morgan, J. Med. Chem., 12, 1066 (1969), paper 11.

(4) J. W, McFarland, and H. L. Howes, Jr., in preparation.

(5) (a) ¥F. Krolmke, German Patent 682,255 (Oct 11, 1939); (b) F.
Krolinke, 1. Wolff, and G. Jentzsch, Ber., 84, 309 {1951).

16) L. C. King and W, 13. Brownell, J. 4m. Chem. Soc., 72, 2507 (1950).

(iii) a 1-(2-arylvinyl) compovud is generally more potent than the correspouding 1-(2-
(iv) an a-methyl substitnent ou the vinylene bridge results in the loss of activity;
position is compatible with activity;

and (v)
methyl substitution
Among the more potent compounds in this series

(3\/\( AI.\/\;'/ _
\) CHO, AN ) B

pyrautel tartrate 119, Ar= a simple aromatic systen:

62, Ar==2-thienyl

been previously deseribed,® was tested in mice for anthel-
mintic activity against the roundworm Nematospiroides
dubius and wax found to be equipotent to pyrantel
tartrate. Thix dizcovery encouraged us to prepare
many other 1-(2-arylvinyl)pyridinium salts, and among
these several active compounds were detected.” The
general synthetic sequence outlined in Scheme I was
followed throughout the present work. It was also
discovered that some of the intermediate 1-phenacyl-
pyridinium salts possess anthelmintic activity. In two
cases thix activity iz against dwarf tapeworm (Hy-
menolepis nana). while in the other cases the activity iy
against N. dubius. It was our purpose to show that
structure-activity relationships in the 1-(2 arylvinyl)-
pyridinium series parallel those of the pyrantel series,
and this consideration guided the selection of com-
pounds for synthesis and evaluation. By showing that
such a parallelism exists we would be in a position to

(7) May and Baker Ltd., Netlierlands Application 6,800,807 (Jan 19,
1968): tlds palent descrilies 1lie anthelmintic activily of several compounds
mentioned in tlds article. However, tlie present researclt was completed

bLefore 1lee release of tlal inforination [see Chas. Pfizer and Co., Inc., Belgian
Patent r00.356 (Dec 27, 1967) |.
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assert more confidently that drugs of both series net by
stmilar mechanisms. It wis ulso of tnterest to explore
the anthelmintic uctivity of 1-(Z-rvlethyl)pyridiniun
salts.  Severnl of these were prepared, nnd ~ome were
<hown to be netive,

Soeay |

ArCOCH_ Br + _\T/ \> — :\1'(‘()('H_-—N/- \> B~ NaBll,
4 - .
AICHOHCHN: Y- T2 & \/\@
= B’
=

Chemistry ---lcxeellent svnthetic procedures for the
compountds presently under dixeusston huve nhready
been desertbed in the liternture (see Experimental Sec-
tion).  However, two items of impaortanee should be
noted.
arvialkyl ketones is that employing Cul3re: thix method
warks particularly well for ketones which might other-
wise substitute bromine nt aromatic ring posttions, ...
+'-liydroxyncetophenane, (2 I general, the 1-(2-ryl-
2-hvdroxyethyhpyridinimm salts are best prepared by
NaBH; reduction of the corresponding ketone:? this
teelmique  should take precedence over the older
urethod developed by Krolmke! which conststs of n
basc-entalyzed addition ehnnmation rencetion between
I-phenaeyvipyridinnnn bromide wnd an arvialdehyde.

The I-(2-nrvivinyhpyridimum salis are believed to
be i the (rans configuration. This belief vests mannly
on the high probabihity that o (rans womer is thernio-
dyvintently morve stable than its ey counterpart, and
the mnir speetrum of one compound (66-45).  Some
difficulfy was met in attenpting to estabhish the geon-
etry of the double bond by nmr speetroscopy.  In the
simplest <ystem, 62, there nve ten protons, cach con-
pled vartously to others to proaduee n highly complex
speetrum in the region of § 7.0 10,0, To simphity the
analysis of thix spectium, the svnthesis of 62 was re-
peated using pyridine-d.. The produet. 6205, guve nu
nmr <pectrum i D0 that was epsily Interpreted.  The
three thiophene protons have the appropriate chemieal
<hifts nud are coupled to encl other according to ex-

62-d, Ar
66-d.. Ar=o-tolyl

2-thienyl

peetition. T addition, nt 8 8.06 there 1= 0 =ingle peak
who=e aren carresponds to two protons.  Thus, the
chemienls shifts for the @ and 8 protons on the vinylene
bridge are identieal, and hence, the coupling constant
S 15 zera, The same situation prevailed even when
the uprode solvent DMSO-ds wux employed.  Under
these circumstances, the geometry of 62 remains equiv-
oeal. A wimilar study wax done on 66-d;. In this
case, o typteal AB pattern cmerged in the nmr spec-

i L CoRinganad GosOsoma, S Ovge Chygn, . 29, 3150 0 161,

a1l T CGorvo o Ihorms Soec Lo T4, TI8 (1050,

(1 FoRmsbuke s AL Selalze, Bero T2, 2000 (1501,

»110 Co T Mabtaal L 1 Goblareune . Phys, Cheni,, 68, 571 516611,

James W, Melanrasp axp Harown L. Howes. Jr.

(1) A =upertor method for the a bromination of

Vab 12

. With DaO as the solbvent. the chemtenl shift for
the a-proton 1= § 7.75 and for the g-protomn it s 6 7.99.
The coupling constant J,z 1= 1.0 eps whicl 1s consis-
tent with o {eans double bond.

There was an actempt to minke the ols somer ol 66.
tn o numner analogous to the preparation of cis-py-
rantel® o 19, NMeOH solution of 66 was exposcd to di-
reet =unhght.  From the <olntton there was ohtained
the trieyelie compound 114 1n low vield. Daohittle nnd
Bradsher'® nude the pereltlorte salt of the <ame eat-
lonie =peetes by essentinlly the =une route. These
workers used Lonsan H aceeptor, but also noted that 114
formed i lower vield and was less pure when atmo-
spherte O, nlone was the oxidant. The snane photorese-
tian wax repeated on 66-,. The coupling canstant of
the protons on the cisoid double bond of the produet
114-d was determiued to be 7.5 epx.

7 | / }

N “ N#& 4 e \N -

. « | B — B~
66

-2n =
CH
114

Biological Evaluation. - Compounds were tested for
anthelmintie activity i worm-infested miee.  Each
mouse harbored o natural infeetion of the pinworm
Syphacia obrelata nnd experimentally mduced infections
of the roundworm Newalosprroides dubius nnd the tape-
worth Hymenoleprs ywana.  Different substances were
dissobved or suspended 11 n 19 carboxymethyleelhuloze
<olution at =uch a concentration that 0.4 ml delivered
an approprinte dose to g 20-g mouse,  Treated mice
were dosed once ench day for 1-3 davs.  Inttially. o
gl dose (100 1000 mg kg depending on the com-
paunds’s taxicity ) was given to n group of four tufeeted
male miee, I anthelmintie netvity was detected. the
compowtd was tested nt suceessively lower doses until a
minimum ctfective dose (MIED) was established.  The
MED 1= considered to he the single dose whieh enuses at
lenst 1 909 reduction i the N, dubius worm burden as
compared to untreated mfeeted controls, or the lowest
dose which will ennse 1009 clearmice of H. nana or <.
obrelala.

I'urther details ai these testing methods are given hy
Howes and Lynch.'* The results of these tests nre re-
ported i the last colimns of Tables V- X111,

Structure -Activity Relationships.--Tuble I ~um-
uririzes the tvpes of anthelmintie activity exhibited hy
ench major cliss of compound presenthy under dis-
cussion. The  -tuovimethyvh- and  1-C2-nrvivingh-
paridininm elasses show netivity against two spectes.
This 15 not to sy each member of o particuln elass i
active against the indieated spectes, but rather tha
some are active agninst both, while others are nctive
agninst anly one or the ather speeies.

tn general, the MED of w0 compound against 8. ol-
relafa i= greater than the MED of the sume compound
against N, dubius. With respeet to the dose required

y12 e R, BLihe, b choerpreGition of NMR O Steons” Plovico
Press. Noetv York, N Y. 1265, p 3% /b Lo AL duckuan. “Applications of
Nocleny Mnerd Resoigowe Sjocanscopy by Organie Clenoasley,” Pece-
oo Peeas e, New Yook NOYL by, p 85,

s R UL Donlo U aael O KL Bendslier, /L v, Chere, 31, 2616 519665

T 11 Lo 1lowes e sl 0 Y0 Laneb, o foosdol.. 83, 1085 1168671




November 1969

TaBLE I
Tyre oF ANTHELMINTIC AcTiviry BY CoMmrouNDp CLass

N S. H,
Pyridinium salt dubtus obrelatn nant
1-(Aroylniethyl) + 0 +
1-(2-Aryl-2-hydroxyethyl) 0 0 U}
1-(2-Arylvinyl) + + 0
1-(2-Aryiethyvl) +

and to the number of compounds exhibiting anthel-
mintic activity, N. dubius is the most sensitive of the
three speciex. Therefore, in the following discussion
structure—activity relationships will be based on activ-
ity against N. dubius. This ix also consistent with the
practice followed in other publications in this serieg, 4

As with other analogs of pyrantel, it is convenient to
conxider separately the three major structural elements:
(1) the aromatic ring, (ii) the system bearing the posi-
tive charge (in this case the pyridine ring), and (iit) the
link or bridge of carbon atoms between the cyclic sys-
tems.

The Link.—-One striking similarity between the tetra-
hydropyrimidine (pyrantel) series and the present group
of compounds is the superiority of the {rans-vinylene
link over the ethylene bridge (see Tables IT and XIII).
Other parallel structure-activity relationships in both
series are (1) the lack of activity associtated with a-
methyl substitution of the vinylene link (see compound
94), (1) the inactivity of compounds with a 2-hydroxy-
ethyl bridge (see Tables VI and 1X), and (iii) the tack of
biological response associated with compounds with
only a single carbon atom bridge, e.g., 1-benzylpy-
ridinium hexafluorophosphate (108) ix inactive at 125
mg/kg; higher doses are toxie,

TaBLE 11
+
Aar—x—N( )
R
————MED* mg/kg—-—
Ar R X = CH:CH: X = CH=CH
2-CH,S H 100 12.5
2-C,H,S CH; >200 62.5
3-CH;2-C.H,S H >200b 7.8
CiH; H >250 125

* Minimum effective dose vs. V. dubius. ® A 719 reduction
of the V. disbius burden was observed at 200 mg/kg.

The pyridine system has not been extensively ex-
plored; however, the picolinium compounds in Table X
have been studied in some detail. Among these com-
pounds one relationship is somewhat analogous to a
situation in the pyrantel series.  Namely, a methyl sub-
stituent at the position adjacent to where the link is at-
tached is compatible with activity (see compound 95); a
methyl subxtituent at any other pyridine position leads
to a loss of activity (see the other compounds in Table
X).

The Aromatic Ring.-—At the outset it should be noted
that an aromatic ring is esgential for an anthelmintic
effect to be observed. The salts, 1-methylpyridinium
todide and 1-allylpyridinium hexafluorophosphate (107),
are both inactive at 500 mg/kg even when that dose is
given on 3 consecutive days.

(15) ). W, Mclarland, 1, L, owes, Jr., L. I, Conover, J. E. Lyneb,
W. (. Nastin, and 1), 11, Morgan, in preparation.
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It 12 in the structure-activity relationships of the aro-
matic ring that the pyridintum salts and tetrahydropy-
rimidines resemble each other most closely. In both
sertes the decreasing order of potency among the var-
ious aryl systems is 2-thienyl > phenyl > furyl (see
Table III). The relationship of substituent and posi-
tion substituted to activity also follows the same pat-
tern found among the amidines: (i) with some explain-
able exceptions, substitution at an “ortho” position is
compatible with activity, while substitution elsewhere
results in the loss of activity or at least a reduction in
potency; and (ii) at the “o/tho” position, a methyl or
chloro group is associated with increased potency, a
fluoro substituent reduces potency somewhat, and a
methoxy group results in the loss of activity (see Table
I1I). P'or the tetrahydropyrimidine sertes, an argu-
ment based on Hansch’s 7 substituent constant!® has
been given® to account for this behavior. In essence, it
was shown that among active phenyl compounds there
is an optimum 7 value of about 0.7 (very nearly the =
values for methyl and chloro) and that any ecrease or
decrease in 7 from this value is associated with the loss
of potency. The details of this argument are given
elsewhere;? therefore, only the parallelism between the
pyridinium and tetrahydropyrimidine seriex needs to be
demonstrated, and the present data appear to have ac-
complished this readily.

Tasr 111
EFFECT OF AROMATIC SUBSTITUTION ON PoTENCY

AI‘\/\I\O + Br_
EN

MED,
Position Compd Ar mg/ kg
Unsubstituted 62 2-C.HpS 12.5
65 CeHx 125
83 2-C,H;0 250
“ortho”’ 63 3-CH;-2-C H,S 7.8
66 2-CH;3CeHy 15
70 2-CH,0CqH, >250
75 2-FCeH, 250
75 2-CICe¢H, 31
St 2-C¥;CeH, >500
N4 3-CH;-2-C,H,0 >125
“oecle” 67 3-CH;C¢H, >250)
69 3-HOC:H, 250
71 3-CH;0CqH, >250
76 3-CIC¢H, >241
7-\‘ 3-BI'CGH4 >2-10
79 3-NO.CesH, >1000
“para’’ 64 5-Cl-2-C,H,R >250
6 4-CH;CeH, >250
72 4-CH3;0CsH., >250
74 4+-FCeH, >200
77 4-CICgH, >200)
M) 4-NO.CeH, >250
hSE 5-CH;-2-C HyOv >500
@ PI“G ~ salt.

Thus, the reason why the methoxy compound (70) is
inactive is that it is not lipophilic enough, 7.e.. the =
value, —0.33, is too low., On the other hand, the tri-
fluoromethyl compound 81 is inactive probably because

{16) {a) . Ilanselq . . Maloney, T. Fujita, and R. M. Muair, NVature,
194, 178 (1962); (1) C. lansclq, R, M. Muir, T. Fajita, P. P, Maloney, F.
Geiger, and M. Streiei, J. Am. Chem. Soc., 88, 2817 (1063); (¢) C. Hansclo
and T. Fujiia, thi//., 86, 1616 (1964).
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it 15 too hipophilie (for CFy 7 <hondd be ubont 1.1).  No
meaning ean be attached to the apparent lack of ne-
tivity of the 3-methyl-2-furyl compound 84: beenuse of
tts toxteity, this compound cannot be tested at 250 g
kg, the MED of the 2-furyl compound 83.  Neverthe-
less, at 125 mg kg o 709 reduetion in wornt burden wis
observed for 84, and past expertentee with similar coni-
ponnds mdientes that the next higher dose level, 250
me kg, would be sufficient to effeet at lenst 1 909 re-
ductton. The corresponding furnn componnds tn the
tetrnhydropyrimidine series are also equipotent.

Sinee it 1s elear that the strueture activity relation-
ship= nmong the I-{22-wvivinybpyridiniun salts and
among the tetrahydropyrimidines are essentinlly the
sme. 1t 18 reasoible to assume that drugs in both series
act at the same reeeptor, and are influenced by the same
sterie, eleetronie, and hpophilie factors,

Beenuse the types of drugs prescutly under discusston
might concervably be acting at o <ite important to the
metabolism or netion of acetyvleholine or neetvleholine-
like fransmitter substunee, 1t was of interest to study the
activity of some <imple compounds combining certain
fentures of acetyleholine and pyrantel. To this end,
the amines of Table XT were prepared, and by the ae-
tton of AMel they were subsequently converted to the
corresponding  trimethylammonium todides of Table
NII. None of these quaternary ammomum salts s
active, but one of the precursor nmines (99) exhibits ne-
fvity agninst N dubius, Significantly. in 99 the basice
center ix separated from the thiophene ring by n two-
enrbon chain, in thix ensc ethylene, To go ane step
further, the bans-viuyvlene compound 111 was prepared
i o manner alogous to the preparation of 1-(2-aryl-
vinvhpyrdimum salts, like the other trimethylam-
wonnm salts, this compound s also imetive.

COCH,N(CH),” Br
109

N
IS

A O—ACOH

r
CHOHCH.N«CH ), Bi™

110
[&\/\*’
S Z SN(CH,), Br~

111

Wood and his coworkers'” have desertbed the anthel-
mintic activity of some I-methyl-2-(2-arylvinyl)pyridi-
nium =alts.  However. it ix doubtful that these eom-
pounds are strietly amalogous ta the ones dixeussed
The published work indieates that their best
conmpound s 2-(d-chlorostyryh-1-methyvipyridinium
chlortde (120), yvet among the 1-(2-aryvivinyD) pyridinium
bromides, the corresponding (77) is inactive (see Table
V). Further, if these two series of compounds were
closely reluted, one would expeet 1-methyl-2-[2-(2-
thienvlvinyllpyridinium iodide (106)™ to exhibit activ-
ity, but 1t does not.

above,

(171 ) 10 D Wood, ). AL Pankaviel, and L. Waletzky. J. [lurusitol.,
51 (No. 2, See. 2).034 (10651: (L LB, Wood, J. A Pankavieb, and R, T
Dambary, U, S0 Patent 3.177.116 fApril 6, 10651: (e 1. B, Wood, R, 1.
Dandary, amwl 11 Berger, UL X Pacerd 3,178,554 5 April 20, 11631

318 Thisx conpooml wius prepared by 1. Gordon of (bese daborarnricas
o wis konelly Jdonaced by Lino.

N,

McFanrtasp axp Hanvonn L.

Howus, Ju. Vol 12

TasLy I\

Ar—-(‘H—CH@ Ar—CH=CHN® )
N —_

]

CH,
N Y Vil N Ay Avive
HOG 2= No (G2 2-C S Yoo
120 1-CHCHE Yea T 4-CHOGH No

Thus, arylvinyipyridiniune salts appenr to constitute
a new class of anthelmintie agents.  Menibers of this
group of compounds behave biologienlly more nearty
ke analogs of pyrantel. n cvelie :unidinv than hke
another type of pyridimum salt whieh also possesses
anthelmintic netivity.  The differences m aetivity be-
tween these twao =eriex may be noquestion of helniuth
speetrum ax well asstte of drug netion,

Experimental Section

Boiting points e noenrrected; mehiing points were determined
an a Mel-Temp welting point apparatas ¢ Laboratory Deyiees
Cambridge, Mas<.; and ave carrecred. The starting ketanes were
conunercintly avaituble or have been dexevibed previousty i the
Hieratire.  Where analvses ave indicated onty by svmbols of the
clements, apalvtieal resubis obained for those clements wenr
within =047, of the thearetienl values,  The physical properties
af lhe componids e given in Tables V'~ N1 1L

1-¢Aroylmethyl)pyridinium salts of ‘Pablexs Voand VIHT were
prepaved from the apprpriciee ary] atkytketones by the merhord of
King mud Ostram#

l=r2-Aryl-2-hydroxyethylpyridinium salts of Tables VI aud
IN were obtained hy reducing f-cairovhuethybpyridindum satis
with NaBH,»® o example follows. A solurion of 23,0 g (0.0sx
woled of t=2-thenavhuethybpyreiditdaum bramide i1 aned 200 1l
of Het) i room tetapersiure was stirred while 0.85 g 91,0225
maoled of NaB3l wos added portionwise. A preeipitane farmed
Innediavely, aud, after a few minates, the reaction nixiure wis
filtered to furnish rthe code produer, Ore reerystallizaion from
HLO FAOH affarded pure =)2-hydrosy-2-C2-thienylicthyBpyri-
dimium bromide 135); vield 3.2 g 0327, 3 wmip 2302407,

1-i2-Arylvinylipyridinium salts of 'ables VIE and X were pre-
pared by methods nhrendy described i the literature s

Method A. A =oluion of the f-i2-uvi2-hydroxyethyvbipyr-
idiniun <alt, AcoO), and AcOH was heated oo steel bonh 2207
Tor 5 hr.

Method B. A solmion of the hydrexy compoardd and Clt-
COCHwax hmlwl at 100 200° for | hr

Method C. A\ sohuiov of lh(- hydroxy
and AcOH was heaned nnder vetlus for 3

Method D ix the Exchweiler Chuk modification of the Lencek-
arl reaction.

Method E.

campound, e,

An NoN=dimethyvhimde was veduced hy oo THIEF
soluison of horane; ao exsmple follows, A =olution of X3 g
(L 10 mole1 of (-diniethyl-2-thinphenepropionamide nud 30
rd of dey THE was canled (o —23° snd was stirred mmgnetiealiy
while 200 mt 7020 mnle; of 0 conunercial <oltion® of 1.0 1/
horsue » THEF was added dropwise st sueh a rate that the reace-
Hon temperaiure did uor exceed 3% Upon completing the
addition, the reactinn mixtave wis attewed 1o wirtn to room tem-
perature and was then heatred under veflux for the, - Wark-up of
the reaetion mixture and fracionad distitbaton of the ernde prod-
net furnished pure N, N=bethyvi=2-thiophenepropyiamine (1004
vield 9.94 g (397

Method L. Sec literiqure reference,

2-Thiopheneethylamine wns preparved by the action of Lo 3/
horane in THEF on 2-thiophenceacetouitrite:  vield 40C7 hp 103
04° 2830 nun);  vapar phase chromatography showed the
product to he cssceutinlly 10077 pure [HE2 bp 200-201° (750
sl

e Wiaegarver, wiad GooAc Alea, "Organie Syiabears,
New York, NoY. Das, p 723,
Lieveriyv, Mazs. OI01a,

2100 110385,

14 M. N bekel
Coll. Vil 111 dobic Wiiey aml Sois, Ine.,
20 Available froro Alfu nocgaves, Tae..
210 Gl Barpersaool VU0 Bassong S b, Nov,




Noverber 1969 AntHELMINTICS, 11T 1083
TaBLE V
+
arcoct,—~O) ™
Recrystn Lit, MED,” Days
No, Ar solvent® Mp, °C mp, °C Ref Formula Analyqes mg/kg  given
1 2-C4H38 E 198-200 CnH]oBI‘NOS C, H, N >2504 3
2 3-CH3-2-C4HQS I\I 273—274 012H12BTNOS C, H, N 31 1
3 5-CH;-2-C.H.S M-A 206-207 CHi:BrNOS C, H,N >250 3
4 5-Cl-2-CH.S M-P 204-206 CuHeBrCINOS C, H, N >250 3
5 CeH: b 199-200 199-200 c Ci3sHiBrNO >1000¢ 3
6  2-CHiCeH, AP 176-177 182 d  CLHLBINO H, N; Ck 62 1
7 3-CH306H4 M-1E 176-178 CuHuBI‘NO C, H, N >250 3
8 4-CH;CeH, P 204206 205 e CHBrNO C, H, N >250 3
9 2-HOCeH, E 195-197 197200 f CisH;:BrNO, C, H; Nt 250 1
10 3-HOC¢H, M-A 224-226 222-224 f CiHBrNO; H,N;Cm >250 3
11 4-HOC4H, M 251-253 248-250 f Ci3H:BrNO, C, H, N >250 3
12 2-CH;0CH, M-P 160-162 CiHBrNO, C, H; N» >250 1
13 3-CH,0CH, A 2329234 CyHuBINO; C, H,N >250 3
14 4-CH;0C:H, E 203-205 203-205 e CuHuBrNO; r
15 2-FCeH, E 237-238 CuHy;BrFNO C, H,N >250 1
16 3-FCGH4 E 224-225 ClaHllBTFNO C, H, N >250 1
17 4-FCH, P 205-206 CuHuBrFNO-0.5H,0  C, H, N 2350 1
18 2-CIC¢H, b 214-215 211 [4 Ci3sHyBrCINO 7
19 3-CIC¢H, b 249-250 250 e CisHyBrCINO r
20 4-CICe¢H, M-A 208-209 206 CisHuBrCINO C, H, N >250 3
21 3-BrC¢H, M 246-247 CisH;Br;NO C, H, N >250 3
22 4-BrC¢H, M-E 235-236 230235 h CiHyBr,NO C,H N >200 1
23 3-IC¢H, M-W 254-256 CisH;BrINO C, H,N >250 3
24 2-NO2CsH4 ;\I—VV 263 dec 260 dec C)aHllBrxgoa C, H, N >250 1
25 3-NOQCGH4 Y 245-246 245-247 g CanBI‘N?Og C, H, N >250 3
26 4—NOQCGH4 .\I 2-31—253 245—247 e ClaHllBl‘NQO;g C, H, N >2.-)0 3
97 2-CFyCel, E 224-925 CHBrF,NO C, H,N >230 1
28 4-HO-2-CH;CeH, M-W 277 dec C1HiBrNO, - H;0 C, H N >250 1
29 2-HO-5-CH;3CsH, E 197-198 CiHuBrNO; C, H, N >250 1
30 2,4,6-(CHjs)3CsHe E 279 dec 280 dec d, e C,:HiBrNO C, H, N >250 2
31 2-CoHy M 213-214 219-220 T CyHi,BrNO - H,0 H, N; Ce >250 3
32 2-CH0 M-P 211213 201-203 j  CuHBrNO, C, H, N >250 3
33 3-CH;-2-C.H:0 E 253 dec C.Hi:BrNO, C, H N >250 1
34 5-CH3-2-C4H20 P 203-205 CmHmBI‘NOQ T

e A = Mey,CO, E = dry EtOH, IE = ¢-Pr,0, M = MeOH, P = ~PrOH, W = H,0.
¢ F. Krohnke and W. Heffe, Ber., 70, 864 (1937).

¢ F. Krohnke, Ber., 69, 921 (1936).
+J. L. Hartwell and 8. R. L, Kornberg, ibid., 68, 1131 (1946).

Soc., 1148 (1932). 4J. W. Baker, 7bud., 445 (1938)
J. Org. Chem., 29, 3459 (1964).
Chem. Soc., 54, 4407 (1932).

PSE Zinatnu Akad. Vestis, 75 (1959); Chem. Absir., 53, 17993 (1959).
o C:

m C: caled, 53.1; found, 52.4.
dubius.

»N: caled, 4.6; found, 4.0,
7 Active against H. nana at 250 mg/kg (three daily doses).

1-Methyl-2-[2-(2-thienyl)vinyl]pyridinium iodide (106) was
prepared in a manner analogous to that described by Wood, et
al.¢ From 0.1 mole of 1,2-dimethylpyridinium iodide and 13.4
g (0.12 mole) of 2-thiophenecarboxaldehyde there was obtained
13.8 g (429%,) of 106, mp 224-226°. One recrystallization from
MeOH afforded an analytically pwre sample, mp 221-224°,
Anal. (CmHmINS) C, H, N.

1-Allylpyridinium Hexafluorophosphate (107).—A solution of
72.6 g (0.6 mole) of allyl bromide, 300 ml of CHCI;, and 96 ml
(1.2 moles) of pyridine was heated under reflux for 2 hr. After
standing at room temperature overnight, the solution was evap-
orated under reduced pressure, and the residue was dissolved in
H,0. Treatment of the aqueous solution with 100 ml of 659
HPFs caused the crude product to precipitate. The crystalline
matter was filtered and recrystallized from MeOH—~PrOH to
furnish analytically pure 107, yield 23.6 g (15%), mp 78-79°,
Anal. (CsHloFeNP) C, H, N.

1-Benzylpyridinium hexafluorophosphate (108) was prepared
in a manner analogous to 107. From 76 g (0.6 mole) of benzyl
chloride and 96 ml (1.2 moles) of pyridine there was obtained 108,
recrystallized once from MeOH: yield 49.1 g (269;), mp 147-
149°, Anal. (CyHpFNP)C, H, N,

2-Thenoylmethyltrimethylammonium Bromide (109).—Crude
2-bromoacetylthiophene was prepared from 12.6 g (0.1 mole)
of 2-acetylthiophene by the method of King and Ostrum.®? The
undistilled product was taken up in 100 m! of CH,Cl, and, at
—10°, was treated with approximately 10 g of dry MeN, A

b Not recrystallized. <J. W, Baker, J. Chem.
/ L. C. King and G. K, Ostrum,
&S, H. Babcock, Jr., F. I. Nakamura, aud R. C. Fuson, J. Am.
iN. Saldobols and 8. Hillers, Latvijas

EC: caled, 57.6; found, 57.1, ¢N: caled, 4.8; found, 5.4.
caled, 59.0; found, 59.5. 2 Minimum effective dose against \.

* Not tested.

colorless precipitate was collected after the mixture stood in a re-
frigerator overnight. The crystalline solid was recrystallized
from EtOH to furnish an analytical sample of 109: yield 10.7 g
(64%), mp 233-235°. Anal. (CH\BrNOS)C, H, N,

[2-Hydroxy-2-(2-thienyl)ethyl| trimethylammonium Bromide
(110).—In a manner analogous to the preparation of 1-(2-aryl-
2-hydroxyethyl)pyridinium salts, 51.1 g (0.193 mole) of 109 was
reduced by 1.82 g (0.048 mole) of NaBH, to give 110. After one
recrystallization from MeOH the yield was 23.2 g (459,), mp
231-232°. Anal. (CoH;BrNOS) C, H, N: caled, 5.3; found,
4.7.

2-(2-Thienyl)vinyltrimethylammonium Bromide (111).—A solu-
tion of 1.0 g (0.00376 mole) of 110, 5.0 ml of AcsO, and 5.0 ml of
AcOH was heated on a steam bath for 20 hr.  After cooling some-
what, the solution was evaporated under reduced pressure, aud
the residue was recrystallized from MeOH-¢-PrOH to furnish
analytically pure 111, yield 0.21 g (239,), mp 190-192°., Anal.
(CQHMBI‘NS) C, H, N.

2-Thiophenepropiony! Chloride.—A solution of 92.7 g (0.594
mole) of 2-thiophenepropionic acid, 250 ml of CH,Cl;, and 76.2 g
(0.6 mote) of (COCI), was allowed to stand at room temperature
for 3 days. The volatile components were evaporated under re-
duced pressure and the residue was distilled to give 2-thiophene-
propionyl chloride, yield 66.8 g (639), bp 130° (33 mm). This
product was not characterized further but was used directly in
the preparation of N,N-dimethyl-2-thiophenepropionamide (112).

2-Thiophenebutyry! chloride was prepared in a like mauner
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Toasre Vi

+ 3y
ArCHOHCH.N,()) B

Recerrzi L. Mo Dicia
No. Ay solvem” Mp., °C () EF ¢ R o diu Amslyvaes s ky given
3 2-CyHs F-W 2349--240 252-033 Iz CptLBrNOS O, H, N >a00 3
36 3-CHy=2-Cyt b= A\Y 2022013 Ot BrNOS ¢, H.N >250 5
37 A-CHL2-C HS Al Fsa-- st CrHuBrNOS ', 1, N >0l >
BA A-Cl2-CyHs M 2H4- 215 CotE BeCINOS ¢, H, N >250 B
30 Cll M 2AN-230 2202032 / Cud 1 BrNO . N >0 3
40 QoCHLCH D 251253 s [z iy HpBiNO C, H, N =200 5
41 H-CHsCH, M-A 10010 CiulluBeNo ¢, 1, N “

2 $-CHLCally M-A 215216 213 i CrthsBrNo LN >4 3
45 A-1TOCH, W 270272 RITE 4/‘ (l);a”HH":\vU: (G ” N >240 3
44 $-HOCH, W 263265 CriHyBeN O, C, H, N >200 3
44 2-CHLOCH, M 207 20~ JON I CL HLBrNO, 0
+i 3-CHLOC H L. - 16D FoH—-1a6 o CaHBrNO, O, H, N 240 3
47 $-CHLOCH D) 17‘) 174 [RISES B i Crathd3rN O, )
4N Q-1 M 256--257 CuHuBrNO O, 1N >
) $-1"Ci AM--P 223024 CuHpBriNoO ¢, HN 7
Bl 2-CHCeH A=W 276277 275 o CuHud3rCENO “

Al 3-CHCH A 207-200 213214 o CuHaBrCINO O, N “
a2 4-CHCH I ENO- 12 IN2-183 i CrH BeCINO C, 1L N >0 ;
a3 3-Br(il MW 236237 RARERES] ! CuthaBeNO )
B! $-Brt > 200- 207 CuthaBrND O, N 7
a0 3-NO.CyH, M 24210 2H0-212 I CupthaBeNLO ¢, 1N >240 3
At 4-NOLColl, M 270275 270-272 o CuthdBrNLO ¢, N >250 3
37 2-C 1Oy P 230251 Ot BrNo O, N >200 3
s 2-Clls I (BN ER CoHuBrNO N, I I
Al 2. H0) A 210217 216 o CoHaBrNO. t \ [ >0 B
() 3-CHy-2-CHy0) 10 LG~ 170 CrHBeNO), ) H, .\' >300 B
Gt A-CH-2-CHL0 AYSIDIO 120130 CrthBrNo, ¢, H. 1"

A = MeCO, B o= diy FA1OH, EE = Ft.0, M = MeOH, P = ~POH, W = 0O, “Nwm 4'11:11':14'1(-114“1. ¢ b, ¢ King and W
Brownell, J. ;b Chem. Soc., 72,2507 (10505 ¢ F. Krithnke and K. Fasold, Bee,, 87, 636 (10345, ¢ B, . Doolittle and C. K. Bradsher,
J. Ocg. Chor, 31, 2616 (l‘)tnb) 217 Krohuke and A, Schulze, Bee, 72, 2000 (1939« V. Kreohuke, bid., 68, 13531 (19363 7 .
Krohnke, ibid., 66, 604 (10333 7 C: ealed, 57.20 fonnd, 57.8. # N: caled, 100 found, 200 #Coealed, 61.8; found, 61,3, 1
caled, 4.9; found, 5.4, 1C: ealed, 45.9; found, 49,4, » Minimum effective dose ngiinst N dhebins, 7 Nt tested.,

TaBLe VII

+ Br~
arcH=CH~N )

T'rep Recrvsum L, MED Diaes

No. Ar et ool solvem™ Mnp, =¢ wp. “C Red Toranla Agilyaes i ke wiven
Pyrantel turirare 2.5
(B8 2-CH S B AL A [SO--fST [ R ¢ ChHnBrNs o, 1, N 2.0
63 3-CHy-2-C H.N B NM-A =232 CrHhBrNS ¢, H, N TS |
4 53-Cl-2-CyHaS B AYES DRV ENG-1R0 ChilBrOiINs H N >200 !
i Colls B AT-A Fas-159 (DR 2 CiHBrN ¢, H, N 25 1
61) 2-CHLCelly B P HO7~19x 1922193 d CrHyBrN ¢, H, N th 1
i 3-CH3Cely B MeA 238--230) CuHuBrN O, H, N >250 it
I 4-CH3Csl, B MeA 265267 CH,BrN ¢, H, N >2H0 3
649 3-HOCsH, I W L5117 L7 t CiHpBrNO - 2H.0 ¢, H, N 250 !
il 2-CH3OC:H, A M-A 071 CHuBrNO ¢, H, N >200 !
il 3-CHOCsH, A Mep HO2- 1023 CiyHuBrNO ¢, H, N =250 1
72 $-CH3OCH, A P 2021 201 = CuHyBrN O C, HON =400 |
73 Q-F ey B P SO--H0) CyHpBrEN ', M. Nw 201 !
74 $-FCelly B P 210212 oy BriN NGOk >200 !
73 2-CICsH, B MoA trt- 17l 05 ( CiHy BrOIN - HLO Br 3 !
o 3-CICH, B I FES-170 CuHyBrCIN -0, 3 D ¢, H, N 200 t
T 4-ClCsHy B3 MoA : 227 - ChaHyBrCiN ¢, H N >0 3
7S 3BrCath B b 198199 CoallyBr,N H,N G >200 I
Pl :’)-X()2C:ﬁl{4 B M-A 249230 243 ‘ Culh BeNLO. (, H N > 10VO [
s =N O Clly B A=A 273-275 271 I3 CisHinBrNGO. H, N C* >250 3
St 2-(‘1“:1(‘11“4 B P-IT [SU-FSt (l14”nBl'F3:\v C, H N >H00 {
<2 20t B3 MOA EEYSEE Oy B3N ¢, H, N 250 3
=3 2-(4 RO I Polk Lsfi- 186 L6~ 18N . CinHpBrNoO ¢, H, N 2350 !
>4 4-CHs-2-C(H.0 & M-EA 223-224 CeHpBrNO C, H, N >12) |
230 3-CHe-2-C,H, O (& E 155159 CuHpFeNOP ¢, H, N =500 !

PR salt, " A = MeCO B - diy EtOH, EA = EtOAc, [E = P10, \t = MeOH, P = -PrOH, W = Hg() ¢ L. C. King aud

W. B, Brawaell, /o b Chom, Soc., 72, 2007 (19305, 2 1L 1L Dootittle and Co K. Bradsher, . Ocg. Chenc, 31, 2016 (1966). < F. Krah-
nke, J. Wolll, aud i Jentzsceh, Beel, 84, 300 (1951, 2 C: o enled, 43.7: found, 43,2, « N1 caled, 5.0; lolm(l 4 M ealed,y 3007
found, 5310 " Brr o caled, ‘._’-3.4: fmmd, 20,9, 7 caled, 4550 found, 464 2 Cr o ealed, H0.5: f()llll(l, IR N .\Iminmm effect dose
neiust N dabius.
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TasLE VIII
R

111

(X T .~ .
S COCH—N<3\RE Br

1085

Recrystn MED.® Days
No. Ry Ro solvent Mp, °C Formula Analyses mg/kg given
86 CH; H -PrOH 167-168 C.H:BrNOS C, H,N >250 3
87 H 2-CH; EtOH 211-212 CH:BrNOS C H N >250 3
88 H 3-CH3 EtOH 219-220 CmHmBl'NOS N, C, He 4
89 H 4-CH3 EtOH 239-240 CmHmBI'NOS C, H, N >500 3
e C: caled, 48.3; found, 43.5, H: caled, 4.1; found, 3.6. * Minimum effective dose against .V. dubius. ¢ Not tested.
TabLe IX
R
ﬂ\ 3 7\
S CHOHCH—N& Br~
MED ™ Dayva
No. Ry R Recrystn solvent Mp, °C Forinola Analyses mg/ kg given
90 CH; H -PrOH 186-187 CH i BrNOS C H, N >500 3
91 H 2-CHj; MeOH-i-PrOH 190-191 C:H1,BrNOS C,H, N >250 3
92 H 3-CH; MeOH—:-PrOH 163-164 CH i BrNOS C, H,N >250 3
93 H 4-CH; +-PrOH 177-179 CHi BrNOS H, N, C d
» Either the threo or erythro isomer; a second isomer was uot detected. * C: caled, 48.0; fouud, 48.5. ¢ Minimum effective dose
against V. dubius. ¢ Not tested.
TaBrLe X
Rl
[N+ -
8 NZ ]
=
R,
Prep Recrystn MED,? Days
No. R, Re method X solvent Mp, °C Forinula Analyses mg/ ke given
94 CH;, H B PF, Me,CO-CsHyy 178-180 CH FeNPS C,H, N >500 3
95 H 2-CH; B Br MeOH—-PrOH 188-189 Ci:H;:BrNS C, H, N 62 1
96 H 3-CH; B Br MeOH-Me,CO 205H-206 CiHi2BrNS C, H, N >100 3
97 H 4-CH; B Br 1-PrOH 239-240 CHpBrNS C,H, N >250 3
o Minimum effective dose against . dubius.
TasLE X1
@—(CH»,,N(%»
Prep MED.? Days
No. n niethod Bp (mny), °C 728D Rel Formala Analyses me/ ke giveln
0% I L 83 (30) 1.5159 7 C;H; NS C,H, N >500 I
99 2 D 99 (27) 1.5139 CsHisNS C,H,N H00 2
100 3 E 86 (15) 1.5078 CoH;:NS C,H,N >250 3
101 4 E 47 (0.1) 1.5050 CpH;p NS C,H, N >250 3

« H. D. Hartough, 8. L. Meisel, E. Koft, and J. W. Schich [J. Am. Chem. Soc., 70, 4013 (1949)] report bp 60-61° (10 mm) and n*v
® Minimum effective dose against V. dubius.

1.5188.

No.
102
103
104
105

» . D. Hartough, 8. L. Miesel, E. Koft, and J. W. Schich, J. Am. Chem. Soc., 70, 4013 (1948).

oW~y

J. Chem. Soe., 2100 (1938).

Recrystn
solvent

EtOH
H,0-EtOH
EtOH
EtOH

TasLE XII
yy IO
S (CHy)sN(CHy); I
Lit.
Mp, °C mp, °C Ref
154-156 152-153 a
249-251 236-238 b
185-186
208-210

¢ Minimum effect dose against V. dubius.

Formula
CsHuINS
CsHiINS
CioHiINS
C, HpINS

Analyses

I

C, H, N

C, H, N

¢ H, N
b G Barger

MED,° Days
meg/ kg given
>500 3
>250 3
>100 3
>200 3

sand A P T, Basson,
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TapLe XII1

ArCH.CH~—N, O) X

1080
Reerystn
No. Ar R N solvent
115 2-CH,S H Cl EtOH-Et.0
116 2-CH;S GHy EtOH-Et,0
117 3-CH;-2-C H,3 H i EtOH-Et,0
LS CeH; H Br a

e Commercial material. 2 C:  ecaled, 56.3; found, 55.8.
from 2-thiophenebutyric acid, except the produet was not dis-
tilled but used directly in the preparation of N,N-dimethyl-2-
thiophenebutyramide (118).

N,N-Dimethyi-2-thiophenepropionamide (112),—With ice-bath
cooling aud efficient stirring, 200 ml of 25%; aqueous Me;NH was
trealed dropwise with 34.9 g (0.2 mole) of 2-thiophenepropiouyl
chioride.  The resnlting mixture was cxtracted with two 100-ml
portions of Ety0Q, and the combined extracts were dried (NagSOy).
After filtering and evaporating the ether solution, the residue was
distilled 1o furnish pure 112, vield 26.7 g (73;), bp 106-108°
(0.4 mm), n®p 1.5425, ¥y 1.1229; vapor phase chromatography
showed this material to be essentindly 100%; pure. Anal. (Cs
HENOS) C, 1, N,

N,N-Dimethyl-2-thiophenebutyramide (113).--In a like man-
ner 118 was preparved from 17.1 g (0.1 mole) of 2-thiophenebutyrice
acid 2 the acid chloride: vield 11.9 g (60¢7), bp 112-117° (0.2~
0.3 mm), n¥p 1.53532; vapor phase chromatography showed the
product (o be esseutially 1007, pure. Anal. (CpHiNOS) C,
I, N.

8-Methylbenzolulquinolizinium Bromide (114 ),--A soluiivu of
15.0 g (0.035 nwle) of 66 iu 1500 ml of MeOIIl was exposed to sun-
Hight for 11 days. The exposed snlution wax theu evaporated to
furnish a vellow solid, vield 4.8 g (99.55¢), mp (91-197°,  After
three recrystallizations front - PrOH and one from EtOH, crystals
of pure 114 were obtained: vield 0.8 g (5921, mp 264-265°. The
uv spectruin of 114 agrees with that reported for the perchlorate
salt. 3 Anal. (C,HpBrN) H, N, C: caled, 61.3; found, 60.8.

1-(2-Thienylethyl)pyridinium chloride (115) was prepared
by the reaction of 2-(2-chloroethyD)thiophene?? and pyridine.
See Table XIII for the physical properties and analytieal data.

(22) F. ¥, Blicke and F. Leonard, /. .1m. Chen. Soc., 68, 1934 (1946).

R
AEDC Days
Mp, " C Fornuia Analyses mg/kg given
tHE—112 CuHpCINS 0. 51,0 H,N;Ct 100 3
168-169  CLH,CINS C, H, N >200
183-184 CpeHuCINS -0.20H,0 G, H, N >200 3
(:mHuBl'N >250 3

¢ Minimum effective dose againse N, dubius.

2-Methyl-1-(2-thienylethyl)pyridinium chloride (116} and
1-[2-(3-methyi-2-thieny!)ethyl|pyridinium chloride (117) were
prepared in a similar manner from appropriate starting materials.

2-(2-Chloroethyl)-3-methylthiophene.—A solution of 3-methyl-
2-thienylmagnesium bromide was prepared from 56 g (0.32 mole)
of 2-bromo-3-methylthiophene and 12.6 g (0.52 g-atom) of Mg in
400 ml of dry Ft,O. This mixtwre was treated dropwise over a
perind of 1 hr with a solution of 195 g (0.83 mole) of 2-chloroethyl
p-toluenesuffouate in 200 ml of Et().  After the addition wax
complete, the mixture was heated nuder reflux for 2 hr. The
crude product was isolated by standard techniques, and was
fractionally distilled to furnish an oil: yield 33.5 g (6657), bp
98--102° (16 mm), 7%p 1.5620. 'This material is unstable; with-
out further characterization it wax used immediately to prepare
117.
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data on the 1-(2-arviethyl)pyridinium salts available
for this artiele.



