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Brond-spectrnn anthelmintic neliviry has been dizenvered in g vovel series of imidazolives nud retvahivdro-

pyrimidines snbatitnted varionsly at the 2 pesitions by 2-nrviethyl or 2-nevlvingl gronps,

One member of 1his

scries, frans-1,4,5,6-tetrahvdro-t-methyl-2-i2-(2-thienyDvinvl pyrinidine tartrare 1pyrantel notrate, 71) has

gnined acceptance as a1 veterinury anthelmintic agen i many areas of the world.
teney for the varions aryl syslems ix 2-thienyl > 3-thienvl > phenyl > 2-fmyl
mnre potent than the correspouding arylethyl componnd.

The decrensing crder of po-
The arvlvinyl analog ix n=nally
N-Methyl snbstitntion v the evelie nmidine syvstem

iwvariably resalt=in mereased potency: substitntion sl almost any other positiny resnli= in the loss of poteney m

ol ncetivity altogether.

One notable exception ix that certain snbstitnents can be placed a1 the ortho position of

the aryl systemn withont detriment to anthelmintic activity, and e =ome cases enhaneed potency is achieved.
Thus, besides pyrantel, some of the nmore potent compomnds i this series ave feans-1,4,3,6-tetrnhydro-1-methyl-
2-[2-(3-methyl-2-thienyDvinvl pyrimidine (74), {rans-1,4.5,6-1etrahydro- t-methyl-2-2-amethylsiyryDpyrimidine
184), Leans-2-12-bromostyryli-1,4,5,6-tetrahydro- --merhylpyrimidine 972 and raps-2-2-chlvrostyrvl)-1,4,5.6-

tetrahydro-T-methylpyrinidine 1935,

A new class of anthelmintie agents has been discov-
cred. An o outstanding  member  ix lrans-1,4.5,6-
tetenhydro-1-methyl-2-[2- (2-thienvl vinyljpyrimidine
(pyrantel? 71) which is effective in eliminating many
of the various nematodes which infest mice, rats, dogs.
Liorses. sheep, eattle, swine, and mean.
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Farlier work in our laboratories** had =hown that i
mice the isothiuronium salt 1 possessesx anthelmintic
activity agninst the nematode Nemalospiroides dubius.
one of the prineipal organisms of our primary screein.
However, when admimstered orally to shecp, 1 shows
little activity.  Thix behavior probably follows from
the fact that 1 readily hydrolyzes to the imactive prod-
nets 2-thenylthiol and 2-imidazolidoue,

sy Oens)
H H

4 157
<_>\ AN
g (_'H_-(jH_)—‘< (CH.-)/:
B N//
H
8 n=2
10, n =3

Certan simple analogs of 1, nx for example 4 and 157,
arc inactive against N. dubius. The detection of ae-
tivity in compounds 8 and 10, however, led to the rapid
dizcovery of many new active anthehmintic agents.

1y Taper 1 of this seriex: - W O Ans(un, W, Courtney, 1. C. Danilewies,
Do 1L Morean, R. L. Cornwell, 1. . Conover, H. L. Howes, [r., [, E. Lyuch,
LW MeFarlaud, and VoL Theodorides, Nafire, 212, 1273 (19665,

23 Teowlnn ingpiivies shonbl he adilressed,

v33 Pyvramel. Banmineh .

<1 WL L Lypeh ]l B Nekan, S uvesiral, 45 G (10593,

s Sewalsn WL Fovritwrton, dest, . Chene 1T, 200 114401,

Chemistry. - -The procedures used to prepare varions
evelic anmdines were adopted from a wide =eleetion al-
ready reported in the literature.  For our purposes the
most useful methods were (1) the reaction of 1 diamine
with an imidate salt, 1) the reaction of mrriles with
dinnmines catalvzed by HaS. 5% and (i) the condensation
ol mitriles. diamines, and toluenesulfonie acid at high
temperatures.”

The imidate salts t=ed in method 1 were conveniently
prepared either by the netion of dey HCLupon an ether
solution of o nitrtle and an aleohol (the Pomer syu-
thesis) or by the reaction of 1.3-propaue =sultone upoun
an anmide at clevated temperatures according to the
nmethod of Ried and Schmidt.? L many instances a.8-
un=aturated nitriles tended to react sluggishly or not ot
all in the Pinner synthesis; therefore, the Ried Schindt
method was o usetul complementary  technigne, al-
though the vields of destred products tended to be
rather low,

Method 11 was particulody useful for preparing large
antounits of certain evelie nmidines, but its scope was
somewhat  limited  beeause  ag-un=atirated  nitriles
could ot be cimploved, "The addition of HaN to the
conjugated double boud of the starting nitrile, and pos-
=1bly nlso to ome ol the initially formed produets led to
complex reaction mixtures from which hittle, if any, of
the desired producet conld hesolated.

Lven more restricted was method il Tt was found
that when ecither ag-unsatweated nitriles or N-sub-
stitiited diamines were the reactants, the vields were
un=atisfrctory.  Nevertheless, nt variouns stages ol the
sviithetic progrmm eaceli ol these nmethods was ised to
advantage,

Although the svuthesis o 2-thiophenepropionitrile
(124) had aircady been deseribed by Cagniant and co-
workers. ™ there arose a need for a more conventent
preparation of this key intermediate,  Cagniant, ¢ al.,
emploved o multistep sequence using 2-thienyvhmnage-

e ML delee, Ul S0 Patery 23002107 (104D,
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nestum iodide as the starting material, but in our hands
this method was unsuitable for making large amounts
of material. What was needed was an inexpensive
means of reducing 2-thiopheneacrylonitrile (134) on a
large scale, since this latter compound is readily avail-
able from a Knoevenagel condensation of 2-thiophene-
carboxaldehyde and cyanoacetic acid. After following
several unrewarding approaches, we discovered that
catalytic hydrogenation cleanly reduces the double
bond of 2-thiopheneacrylonitrile to afford 2-thiophene-
propionitrile in high yield. Normal ratios of 59, Pd-C
catalyst were emploved, and it was found that the pres-
ence of NaOH in the hydrogenation mixture increased
the reaction rate. At about the same time this work
was being carried out, Sam and Thompson!!' observed
that 2-thiopheneacrylic acid can be reduced by H, over
109, Pd-C catalyst to furnish 2-thiophenepropionic
acid in 809, vield. In the past thiopheneacrylic acids
have been more generallv reduced by agents such as
NaHg!™13% and Na-Pb alloy.!' Apparently some thio-
phene compounds are far more stable to certain cat-
alytie hydrogenation conditions than would be expected
normally. 14

As obtained froni the reaetion of eyanoacetic acid and
2-thiophenecarboxaldehyde,  2-thiopheneacrylonitrile
consists of a 32:68 mixture of isomers. By means of
preparative gas chromatography, the isomeric nitriles
were separated and identified by their respective nmr
spectra. As shown below, the coupling constant J,g
and the chemical shifts for the a~protons of the isomeric
nitriles are diagnostic. The doublet for the a-proton

Hey CN
‘ Za
S CN S Ha
§= 5.6 ppm $= 52 ppm
Jaf =164 cps Jaf =118 cps

of the minor component exhibits a smaller coupling con-
stant and a smaller chemical shift than that of the
major component; therefore, the minor component was
assigiied the cis configuration, while the major compo-
nent the trans. '

A study of the Pinner reaction on the mixed isomers
of 2-thiopheneacrylonitrile revealed an interesting case
of stereoselectivity. Of the two possible isomeric imi-
date hydrochlorides, only the {rans isomer was isolated.
The J .5 for the imidate salt was 15.5 eps and no absorp-
tion peaks were found which could have been attributed
to the presence of the cis isomer. No doubt strong re-
pulgive nonbonded 1,3 interactions of the type illus-
trated below play an important role in determining this
stereoselectivity. 6

The Pinner reaction of 8-methyl-2-thiopheneacrylo-
nitrile (140) and the reaction between a-methyl-2-thio-
pheneacrylamide (143) and 1,3-propane sultone under
the Ried-Schmidt conditions failed to produce detect-

(11} I. Sam and A. C. Thompson, J. Pharm. Sci., §3, 898 (1963).

112} G. Barger and A. P. T. Easson, J. Chem. Soc., 2100 (1938).

(13} M. L. Mihailovic and M. Tot, J. Org. Chem., 23, 652 (1937).

t14) H. D. Hartough, "Thiophene and Its Derivatives,’’ Interscience
I'ublishers, Inc., New York, N. Y., 1952, p 167 ff.

(15) L. M. Jackman, '‘Nuclear Magnetic Resonance Spectroscopy,”’
Pergamon Press, New York, N. Y., 1959, p 82 ff.

(16} A sbnilar ohservation on the clhiemistry of cinnamonitriles has Lieen
warle by M, Harfenist and A. P. Phillips, J. Am. Cliem. Soc., 80, 626) (1958).
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able amounts of imidate salts.  In both cases, 1,3 non-
bonded interactions cannot be avoided. Imidate salts
were prepared, however, by the action of Et;O+BF,-
on 143 and on B-methyl-2-thiopheneacrylamide (141).
These latter imidates were converted to the corre-
sponding tetrahydropyrimidines 144 and 142 (see Table

Ra
/ 7\
Y TCN " Y TCONH,
CH, Rs
140 143, R, =CH;; Rg=H

141, R,=H; Rg=CH,

I). A comparison of the uv spectra of the substances
in Table I reveals that the maxima of 142 and 144 are
shifted to shorter wavelengths with respect to the parent
compound 71, indicating that simple substitution on the
link results in nonplanar molecules (compare 74 and

139). Again, the repulsive 1,3 nonbonded interactions
appear to be responsible.
TasLr I
Uv Specrra 1N HO
R; R, flgl
7/ N\ ~ N
S
RB N.

Compd Log MED,®
no. Ry R Ra Ri Amax, mp e mg/kg
71 H H H CH; 312 4.27 T
74 CH; H H CH; 318 4.26 3
142 H CH, H CH; 292 4,10 30
144 H H CH;j CH; 287 4.24 >150

139 H H CH,-CH, 318  4.38% >86
« Based on per cent of active material (free base) pregent,

Except where noted, compounds in Tables XXI and
XXII are believed to be the trans isomers. This belief
rests mainly on the greater probability that the trans
isomers would be the more thermodynamically stable,
and on the nmr spectra of selected compounds. For
example, the nmr spectrum of 71 exhibits in the olefinic
proton region a doublet with a coupling constant of
15.7 cps. This value agrees well with that found for
{rans-2-thiopheneacryvlonitrile, and agrees poorly with
that of the c¢is nitrile. Il‘urther confirmation of the
stereochemical assignment was found when the cis
isomer 72 was prepared by the action of sunlight on 71.
The pertinent nmr data for the a-proton absorptions of
the two isomers are summarized below. Because the
photoisomer exhibits the smaller chemical shift and
smaller coupling constant, 1t is assigned the cis config-
wation. Similar results were obtained with the trans
cis pairs 74/75 and 89/90.

Owing to problems discussed previously, the 2-(2-
arylvinyl) eyclic amidines exemplified in Tables XXI
and XXII are relatively difficult to prepare by routes
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71 72 photoisomer

6= G647 ppm
Jag =157 cps

5= 6.02 ppm
Jes =125 cps

ciploving  imidate <alts ns intermedintes. Because
=ome of the more highly potent compounds ave Tound 1
this sub group, alternate syuthetic methods were sought.

A line of nvestigation that proved particularly
{ruitful was based on b and Drawert’s observation '
that 2-methvlthiazoline condenses readily with aro-
nintic aldehyvdes to furnish 2-(2-arvlviny D) -2-thiazolines
suelt renetions nre eatalyzed by piperidine or piperidine
acetate. Similar candens=atians are known to ocenr he-
tween aldehydes and aromalic hicteroeveles suelr as 2-
picoline, 4-preoline, and 2-methyithizzole, but nhn

N
ArCHO + (',Hw—<] ppende
S
N
AI-(TH=<'H{] + HO
Q

aud Dreawert speculated that for hereroevelie ving svs-
fens contatning N oand S the prescenee of one double
boud wax sufficient 1o activate a neighboring CHy %
It appenred that perhaps thix principle conld also be
applied to other nonaromatic hieteroevelie svstems. in
particular to 12-dimethyl-2-imidazolme and 1,4.5.6-
tetrahivdro-1.2 dimethylpyrimidine.  Bothh of  these
cotnponnds were prepared, and it wax discovered that
crelt rencted with aromatie aldehvdes to produce var-
1= 2-2-arvivineD evelie amidines (zee Tables XX
and XX compounds by method J).

H
: N

Ar—CHO  + (‘H_.’< R —
N~

CH

N

Ar— CH=CH —<
N

S

{CH,), + HO
s
CH

n=2.

Beeanse the eyelie nmidines are suelt strong hases
themselves it wax faund nnnecessary to nse basie eat-
alvatx xnell as piperidine,  Indeed. the awitterion indi-
ented above s the moxt probable reactive species,
Usiedly, oo <ohirtion of the L2-dimethel evelie amidine.
thie oldehyde, and i =olvent sueli ax benzene or toluene
s Lieated nder reflux. and as the reaction procecds
H.O s removed Trom the mixture by ments of a1 mois-
tire teap. These condittous are quite =atistactory for
snull-scale preparations, er., 0.1 mole, but it was found
that ax the size ol the reaction mixture nereases, the
vield of desired  produet  deerveases. The problem
scens (o be that, i the larger preparations, HaO is not
remtoved rapidly cnonghy from the reaction mixture to
avold it= snbsequent interncGon with virions evelie

OV R Wl coned I Dhvawert, Jtos,, 590, 55y 14066

Molarnaxn, ef al,
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amidines. 1t has been shown by Harnsberger and
Riehsomer™ that 12-diallovl=2-imidazolines are rapidly
livdrolvzed nnder strongly basic conditions, and it L
bheen demonstrated i these iborntories that the evelie
amidines 21 and 37 also are hydrolvzed rapidly iu the
presetice of HO to the corvesponding manides ™ The
<trongly basie somidines will generite a safficiently high
OH " concentration 1 the presence ol HLO 1o eatalyze
thetr own hivdralvsis,  Harnsberger and  Richsomer™
noted that Z-immidazolines are quite stable r agqueous
solution below pH 70 Irom our owi experienee this ob-
servation applies cqually well to teteahiydropyrimmdines,

The problent of hydrolysis during condensation wis
pvercome by emploving the following (wo-step sc-
quenee: 1) an aldelivde and o F2-dimethyl evelie
amidine were allowed to react under mild conditions in
an aprotie solvent or withont =alvent to Iarnish on
aldol type addnet, and Gy the aldol was then hestted 1y
the presence ol an neid catalyst ta effect the climing-

H\*.
. . /t\\.
Ar—CHO  + CH, [CH,  —
N

CH

N
Ar—CHOHCH,—L dcH,
CH

tion of water, By breaking the condensation mnto these
step=. exposure ol evelie nmidine to HyO under basie
conditions tx avoided. A number of variations on this
therme are described in the  Experimentad Seetion.
Table XX summarizes the phivsieal properties and
aualytieal data of the varions addnets which were ixo-
lated 10 the conrse of this work.,  Another solution to
the problem was found, when it was discovered that the
presence of mothyl or ethyl formite in the reaction mix-
e will suppress the hydrolvsis of the amidine ring
e second example of method J in the Experimental
Neetion).

Biological Evaluation. ('nnpounds were tested in
mice for anthelminte activity against experimentally
induced wmfections of the intestinal round worm A,
dubias @ Athongh only the results of the N
didilus test e lised 1o establish thie struete -aetivity
relationship= in the present work, selected compounds
have been examined for activity ngainst a large mumber
of nematode speetes in several hosts including dogs
Liorses, swine. <heep, enttle, and man. The readts o
these studies have been publishied elzewhere, #1#

1= L G D1lgrsberupe pml 00 1
188 1 196G,

1oy 19N Gonlole onva e eanananlion ol

207 O, D Siawlen. CExperbmental Chomaotherapy,” Vol 1o R J0 Sele
yarzer annd 1L Tlawkine, Ll Nepdemie Dress, New Yook, N Yo 196a, p
701 ff.

y2 1L L Hlowes, Dol 0¥, Lyvnele, . Parasgtpd., 88, 1085 1 1007 ¢

22y ta; R L Cornwell, Vero frecord, T9, 400 11966): vlo R L. Carnaell
A Berry, T. Co Light, 15 AL Meweer, and G Plallips, dad., T9, 626 (1966
ie; R. Lo Cornwell, J. Bevry, T CL Ligly, o AL Mener, G Plilllips, and De AL
Pullen. vhid,, 79, 723 (19665 «b) R. L. Coruwell, R. M, loues, 1. Berry, T
lordan, E. A, Meycer. I). A P'slien, aud . 1. Riley. ibid.. 80, 434 (10174
ved R L Cornwell, BN Tacoes, U Bevey, T Tovdion, 150 A AMeyeer, DA
Paollon, nnd .0 Riley, hof 80, H7G 1 19GT: (h R L. Camnwell pued 110N
Yonles, vhid., 82, 184, A 1uGR: fes -l Royvaand, Kecs Med, Ve, 119,
IS, 208 0168 oh Tl 2 Gitison pnd LWL Darth (o Bedt, e /. 124, 60
10681« R Lo Ceonwell and RO ML Dynes, S Tenpe Medo Foug.. T, 16

LB i DL Canway s anpoldisbod vesnbs,

Richeamwr. . Hetecmpel, Cirp 1,
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The rat nematode Nippostrongylus muris proved to
be less sensitive than N. dubtus to drugs in the pyrantel
class. This observation was particularly useful in the
secondary evaluation of the active compounds discov-
ered in the primarv screen. In general, the activity
agaiust N. muris correlated fairly well to that observed
agallist the more drug-resistant nematodes of sheep.

The ninimum effective dose (MED) of each com-
pound reported in Tables I-XXIII is considered to be
the lowest dose which will reduce the average N. dubius
worm burden by at least 909, when administered to a
group of four to six infected male mice. The different
stibstances were diszolved or suspended in either peanut
oil or 19; aqueous carboxymethylcellulose at such a
concentration that 0.4 ml delivered an appropriate dose
to a 20-g mouse. Treated mice were dosed once each
day for 1-3 days. Inmitially a high dose (50-500 mg/kg
depending upon the compound's toxicity) was given to
the mice. If anthelmintic activity was detected then
the compound was tested at successively lower doses
until the MED was established.  Sets of infected, un-
treated mice were used as controls. Additional details
of these and similar procedures are given in the litera-
ture.‘l.Qﬂ.Ql

TaBLE I
N
ArX—</ ]
N
H
————MED, mg/kg¥————
N
Ar —CHCH— H>C:C<H
2-C,H,¥ 100 >60
3-CH3-2-C, H 103
CeH, >200
2-CyH,0 110

« Bused on per cent of active material (free base) present.

TaBLE 111
N
o

Ni

H

————— MED, mg/kgt————

——X
Ar -CH.CHr L>o=c<t

2-C,H,S 100 31
3-CH;s-2-CHo8 106
CeH: > 150 >154
Q-CHuCﬁ}’L >106
'..).'Cd{.‘(() >NJ

« Based on per cent of active material (free base) present.

TaBLE 1V
N
e
]
CH,
—MED, mg/kg® _—
Ar ~CH.CH~ >C=C<*
2-CH;S 25 26
3-CHy-2-Cyl 1= 25 21
2-CH.CsH, 36
2-C, 10 >3206

« Baxed on per cent of netive material (free base) present.
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TaBLE V

N

Arx—{ }
|
CH,
————— MED, g/ /kg¥-—-—==—-

N——

Ar ~CH:CHe- L >o=c<t
2-CHas 25 7
3-CHu-2-CHos 3% 3
CeHa >100 20
2-CH.CsH, >75 4
2-C,H;0 62

« Based on per cent of active material (free base) present.
TaBLE VI
N~
ArCH,CH—< (CH),
N-
!
———— —MED, mg/kg* _

Ar 0w =2 n =3
2-C Has 100 100
3-CH3-2-C,H.S 105
Ce¢H: >200 > 150
2-C,H,0 >100 >83

« Based on per cent of active material (free base) present.
Tapre VII
N~
ArCH2CH2——<N (CHy)r
2
CH;,
MED, mg/kg¢ —
Ar n o= 2 n =23
2-CHR 25 25
3-CHy-2-C HaS 25 38
CeH; >100
2-CH;3CeH,y >75

« Baxed ou per cent of active macerial (free base) present.

TaBLe VIII

N~
AICH=CH_<\J/(CH2) i
H

-~——AlED), mg kgt-—--—-

Ar a =2 w = 3
2-C H3s >60 31
3-CH;3-2-CH.S >106
CsH, >154
2-CH,Celdy >106
* Based on per eent of netive material (free base) present.
TasLe IX
N~
ArCH=CH— (CHp,
N-
CH,
=——)\IED, wmg/kgt——m- .
Ar w=2 no=3
2-C,H;8 26 7
3-CH,-2-C,H,S 21 3
CeH; 20
2-CH;Celdy 30 4
2-CiH,0 >200 62

« Based on per cent of active material (free base) present.
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TaBie X
N
ArCH2CH2—< ]
1
R
—eee= ML), g, kg -
Ay R=H R = Cl.
2 HR 1o 25
3-CH2-CyHax 1t} 25
CeH, >200)
2-C4H 50 > 10

« Based o per cent of active material (free buse) present.
TapLe N1

N
ArCH,CH—¢ :>
N

I

R
o= M D g Rt -
Ar R =1 R = Cll

2-C R 110 25
S OHE2-C e AN
Celt, > 10 > 1l
2'(:“3("‘;“4 >T-)
2-CyHa0 SN

* Bused on per cent of active material (free base) present.

TaBLe X1

ArCH=CH—</Nj
N
I

R
= AED), g, ky'

Ar R=1 R = Clls
:.’.‘-(5411:)-5l >0 2(;
3-CH-2-CHLX 2]
2-CHyCeld, RIS
2-C,H0 >206

» Based on per cent of active nuterial (free base) present.
asue X1

ArCH=CH—</;:>

R
~=AED, g ke o
N =M R = ¢l
2-CiHS 4 -
3-CHa-2-C S > 116 3
Calls >154 1)
2-CHL G, T !
2-CLHLO ™

“ Based nn per cent of active material (free base) present.

Structure-Activity Relationships.--1'or purposes of
discusston, all compounds which reduce the N. dubius
worm burden in a mouse by >809%, are considered to be
active: to differentinte these compounds further a com-
parizon of their relative potencies (fe.. their minimum
cffeetive doxes or MED'S) ix made. Inactive com-
pounds are considered to be those which exhibit no ne-
tivily at sabtoxice doses.

In discussing the structure-activity relationships in
this =eries of compounds, it 1= conventent to consider

Melarvaxy, of al. Vol 12

Tane X1V

Toe Tierra 1 o Aoy mie SenstrnioN ox PoreNes

(l',‘H,|
Ar\/ArN
[
M
Dosition Neo AW my ku
I'nsubsiiinted 7l 2-CH= 7
s Cell,, 2t U111
1N 2-Cyl1,0 1
nel e B-CH2-CHHaR 4
¥~ HS-Call-2-CHes ty
) 3-Bra2-C LN 15
N4 2-CH,CeHy { [FITEN
NS 2-CylLLCold Bl [
<4 2-F Gy 2N 0.1
O REGIGNEF 0 1.
Dy 2-BrCaH, G O 75
HN 2-1C30, N oYL
N 2-HOCH, N ST e T
111 2-CHL,O0CH, A I RN
13 2-CLIEDCid, >02
tO4 2-CyH-OCH, >120
thA 2o H D >4
[ 2N TP I
(193] B-ClLe2-C ) i
el Th A-CTH2-C s 7
SO B-CHLCly 200
Ot S-bCa 87
O A-CLCI >
tal H-CHEDCl =T
jay B-NOLCGH, >2107
v o H-C1L-2-Cu e >0
St -CHLC, >U07
) 1-1°Cl, > 10t
95 1-CIC I, >th5
>1450

1tn) 1-HOC 0,
Di-oetho = 2,6-0CHL Cutle > 151
gt 2,6-CLOI, >4
< Based on per cemn of spetive nsaerial ofree basey present.
o Pnjita, Jo lwiesa, supl C0 Haoseh, . Lo Chowse, Soc., 86,
S175 1964);  phenoxvaceiie acid series amploved. -« Phenyi-
acetic neid seres

separately the three major struetinl elements: (i
the nromatic ring, (i) the cvelie amidine portion, and
(111) the chain of atoms or link counceting the two ring
svstems,  Statements can be made coneernng require-
ments for activity in cach ol these units, but there e
subtle interactions between the <ystems which interfere
with ready predictions of relative potencies in many i-
stances.

The Link. - Ax was indieated at the begiuning of this
paper the active isothiuronium salt 1 readily hyvdrolyvzes
to 2-thenylthiol and 2-imidazolidone.  To circumvent
thix difficulty. compounds resembling 1 1 strueture,
but possessing greater chemical stability in the link,
were prepared and tested.  Neither of tlie sosteres
4 and 6, 1= active.

ey o)
H H

4 6
Lt die course, however, n stable linkage compatible
with netivity was discovered.  This link was ethylenc
{ CH.CHy ) and 8 and 19 are representative active
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TaBLe XV

O\x—éN?CH )
S N~ oJn

Pre-
para-
tive
No. X " Salt method® Mp, °C
1eh CHR 2 HC1 Al 1/3-175 dec
2% CH.8 3 HC1 Al 160-162 dec
3 CH.& 4 HCl1 Al 158-139
4 NCH: 2 HC1 B1 147-149
H RCHe i HC1 Bl 112-114
G CH:NT 2 MI Cl 120-122
T CH.Cl1ls 2 Base B3 99-101
8 CH:CH: 2 HCl B1 142-144
9 CH.CH: 3 Base B3 94-96
10 CH:CHs 3 HCI1 Bl 11-172
11 CH:CH» 4 TsOH D1 180-182
12 CH:CH(CHy) 3 HCI B1 156-157

« R. E. Kent, U. 8. Patent 2,936,923 (1960).

H

MED, Days

Recrystn solvent Formula Analyses mg/kg given
MeOH—-PrOH CsHuCINSe C,H N 25 3
-PrOH CsH13CIN2S: C, H N 100 3
MeCN C1oHwiCIN:S: C, H N >100 3
MeOH-MeCO CsHn CIN23: C,H N >350 3
MeOH~Me:CO CsHiCINR: C, H; N¢ >200 5
EtOH-Et0 CsHi2I N C,H, N 250 "
Me2CO-CsHy CsH N8 C, H: N¢ 100 3
i-PrOH-Et.0 CsHisCIN:S C, H N 100 3
PhH-CsHie CioHuN:3 C,H N 100 3
MeCN CioHiCIN28 C, H; N 100 3
MeOH-Me:CO CisHauN20332 C,H. N >100 3
i-PrOH-Et:0 CuHy;CIN:S C,H, N >250 3

* W. H. Hensley and J. A. Lambrech, U. S. Patent 3,186,990 (1965). ¢ The symbols

nsed in this colanu are explained at the beginning of the Experimental Section. 4N: caled, 11.3; fonnd, 10.8. ¢N: caled, 15.5;
fonnd, 14.9. “N: caled, 12.1; found, 12.8.
TarLeE XVI
(X N~
CHy)m—< (CH,
S (CHy)m N£ 2n
H
P'repara-
tive MED, Days
No. m n Salt method? Mp, °C Recrystn solvent Formula Analyses mg ./ kg given
13 0 2 T<OH D1 188-191 MeOH-7-PrOH C1eH1eN2035 C,H XN >100 3
14 0 3 Base 13 183-185 MeOH-Me,CO CsH oN.S C, H N >100 3
15 0 4 T\OH 1)1 165—168 z'-Pr()H C16H20N20352 C, H, N >100 3
169 1 2 Maleie B4 136-138 1-PrOH CHi:N.O.S C,H N >500 3
17 1 3 Malelwe B4 127-128 -PrOH CisH1eNO,S C H N >300 3
18 3 3 HCl B1 138-139 i-PrOH-Et.0 CuHi:CIN,S C,H N >250 3
a L. P. Kyrides [U. S, Patent 2,457,047 (1948)] reported the synthesis of the free base. * The symbols used in this colimn are ex-
plained at the begiuning of the Experimental Section.
TaBLe XVII
[ .
CH,CH—
N— R
R,
Prepara-
tive Mp or bp Recrystn solvent MED, Days
No. R, Ro R Salt method® (mm), °C or n?ip Formula Analyses mg/kg given
19 H 4.CH; H Base B3 141 (1.3) 1.5611 CroHuN:S C, H N >250 3
20 H 4-CH, 4-CHs Maleic B2 117-118 MeCO CisH20N:048 C,H N > 200 3
21 CHs H H Base B3 114 (0.7} CioHuN:3 H, N; C* 25 1
29 CH; H 11 Tartaric B4 167-169 b C1aH 20N 2063 N 50 1
2 CH;3; 1 H CHal - H.0 B4 169-171 EtOH CuHi:IN20S C, H/N >250 3
24 C2Hs H H Base B3 116 (0.2) 1.5511 CuHisN-S C,H N >100 3
25 C3H+ H H Base B3 104 10.1) 1.5430 Cr12HisN»S C,H N >62.5 3
26 1-C3Hze H H Base B3 104 (0.1) 1.5435 C12H1sN 23 C, H; Nd >125 2
27 7-C3Hs H H Citrie B4 104-106 MeOH—-PrOH C13H2N 2078 C, H, N >100 3
28 CsHy H H Base B3 156 (2) 1.5358 CrsH20 N8 C, H N >250 1
29 CupHa H H Base B3 178 (0.005)  1.5109 CioH3pNs% C,H N >100 3
30 CH:CH=CH: H H HC! Bl 124-126 1-PrOH-Et:0 Cr12H1:CIN:R C,H, N >100 3
31 CeHs H H Base B3 156 (0.19) 1.6100 Ci: HisN2S C, H, N >2350 1
32 CH.CH.OH H H Base B3 184 (0.5) CuHisN208 C,H N >128 3
@ The symbols used in this colnmn are explained at the beginning of the Experimental Section. ? Precipitated from Me,CO; triturated

1mder cold MeOH. < C: caled, 61.8; found, 61.1. 4N:
compounds. Shortening the chain to methylene or
lengthening it to trimethylene leads to a reduction of
activity (see Table XVI). Later, trans-vinylene
(-CH==CH-) was also found to be compatible with ac-
tivity, and indeed some of the most potent compounds
in thiz series possess this linkage (see Tables XXI and

caled, 12.6; found, 12.1.

XXII). Infact, the data of Tables III and V suggest
that trans-vinylene is superior to (CH,), as a connecting
chain where the amidine system is tetrahydropyrim-
idine. However, no such special effect is observed
among the imidazolines of Tables IT and IV, The cis
isomers are always less potent that the corresponding



Ne 1y R
33 11 1-CHy
BE 11 A-C Ry
34 1 5-CH,y
36 H B5-011
37 CHy 1

38 CH3 1

39 CHy 1

10 Caols H

1) CsHs H

42 1-Calr 1

13 CHe=CHCH: 11

11 ('sHsCH: H

“88A = snlfosalicylic acid.
vipitated from Me CO-Ft.0);

Na. Ay

15 3-CHs-2-C, Hax
46 3-CH3-2-CHo™
17 3-CH3-2-C,HaS
EAY (YGH(

19 2-CH;0

St I-Pyrrolyl

« M. Hartmann and H. Isler, [l reck. EBxprl. Pathol. Phacmakol., 192, 141 11930 these anthors veport mp 103 104°,
n=ed in Thisx colnmn are explained al the beginning of the Ixperimental Rection.

N« Ar

3) 3-CHs-2-C4Hex
BA 4-Br-2-C4HaS
R CsHs

il CsHs

a0 CeHs

G "-CELCesHy
A7 2-C4H30

A8 2-Pyridyl
oh 1-Pyrrolyl
GO 1-Pyrazolyvl
Gl 1-Pyrazolyl
62 S-Thiazolyl
63 C(tals

[¢2) - CyH

(8, skinuer and Po R Wiz [J. A, Chem. Soe., 73, 3814 (1951)] veport mp 107-109°, *
explained at the begiuning of the Experimental Section.

"

R
I
H
CH.
H
T

Melarnasn, el al.

Tose NVIT

7\ N ‘
<S>\CH.ZCH2—</N}(§;*

Prepari-

I

R,

Vol 12

Live Mp ooy by Reerasin solvinm MED, IR

Nall e hn1” O, O LA Ioranla Anplyvaes nig ke raRan
Diase 13 122 10 OM 14611 CellioNes 11N 250 B
el 1t 171 198 PrOll Leo Cnlhy CINGS 1, N, of >20 g
AN 172 RRE 10l CralluN2Og=y ¢ 11. N >0 i
e 141 1 132 MeOll o 11, N > 40D o
Jase [ 130 1), 15¢ H648 ColLN 25 !
Tariarie 131 140 )42 ‘ N a0 !
1l BBt 16:1--166 (POl o1 N > 200 N
Citrie o t02--1b6 Me:(20 N > 2N 0
Citrie ) o4 10-93 Me:C'O N > i
Base B3 123 (0. 1. 5484 1, N ¢ > 125 H
HCl 131 161163 212 Cral Ly CINS COILN > 100 i
HCl 131 1531~148 =1rO - 10 Co 1l CINGR COHNLN > U500 R

“The xvmbols nzed in thix colimn are explained at the beginuing »f the Experimental Section. « Pre-

tritnrated noder cold MceOH 0 C enled, 3090 fomnd, 345 (5 ealed, 66,1 fonnd, 6401
Tasrr NIX
N
ArCH.ZCHr< ]
T
ropure-
alive My or Reervstn solvem ML, Day e
Nl el baed” L (), ©C ar sty Farpmmnla Mialyvses mu kg moven
Base B3 130 (1. 2) 1.a7s2 Coll g N= I, N,

HCI B4 149151 -PrOH-1PE il CINGS ¢, H, N 125 t
HC(l 34 143-144 NMeCO CHCINGS ¢, H, N 30 1
Base 133 t06-11s PhH-C:H,, CyHigN, C.H, N >201) 3
Base 13 =107 KtOAe N ¢, H, N >0y 3
T<OH 134130 MeOH-Mea (M0 CheHy Nt )= ¢, H, N >251) 0

H

“*I'he <ymbot=

(0 ealed, 61,80 fomd, 61,1,

Tapre XX

N
ArCH,CH—{ }
N

I

R
Prepara-

live AMp or bp Revyystu solvend Ay, Droas
Nalf methyd” rmar, °C ar owtin Ioamola \nalyses e wivan
1P, 181 116-118 <1011 Crlhel Ny PR 10N I 1
1nel 13 1641647 ~PrOH -11.0 Cul s BrQINWS 1, N > 250 B
Base B 105106 PO RO CrlliaNe CUOlLN > 150 “
el 188-100 ~PrOH-- 100 el CIN ¢ N >100 1
Base 100 0. 16 GHER CrulhaN- [SU TR >100 i
HI'E 141142 1O Culln NP 11N >124 1
HCI 16i-167 PO - CialsCIN O ¢ 1N > 100 B
TsO1l 112113 MeCO « ¢ LN > 200 B
Ts01 140151 <Proll Oy COUN > 510 3
TsOl1 143--1535 E1011 e ¢ N > 500 3
Citrie KOl 1N > K00 i
I"iaarie EtOH -0 ¢ N >240 2
HPL. -0 11N > 240 1
HPLF. H:0 1L N > 104 )

e

{rans compounds (see Table XXII. compound pairs

7172, 74/75, 89:90).

The uv spectra of 142, 144, and 139 have been dix-
cussed in the Chemistry Section (see Table I); the a-
methvl ixomer 144 is inactive, while the @-methyl com-

pound 142 is active but less potent than pyrantel.

The

caled, 38.8: fonnd, 38.2.

TN

The =ymbols 1xed in rhix cobimn are
enled, 1440 fonnd, 13,9,

trievelic compound 139, o planar analog ol 144, i~ als

inactive,

There does not appear to be any obvious re-

lationship between the planarity of 1 molecule and its

biological activity.

The cyelopropane derivatives 145

and 146, analogs of frans-vinylene conpounds, were nlso
prepared, but they were found to be inactive,

In the


149-l.il
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Tapre XXI
N
ArCH=CH—< j
III
R
I'repar-
ative MED, Dayx
No. Ar R Ralt method Mp, °C Recrystn snlvemn Forinla Analysoes nig Tk given
65 2-CHy= H Aaleie k2 162-163 ~-PrOH CuH N O S CoHN >100 0
66 2-CyHaR CH,y T=OH F2 162-164 -PrOH CrHaN S ¢ 1, N o) 1
67 3-CHp-2-CyHaS CH; HCl J2 245-244 -PrOH CyH CING ¢, H, N 25 |
6N 2-CHyCeHy CHa HPFs J5 189-190 MeOH CuldiFeNoP ¢, H, N 62.5 1
G4) 2-CH,0 CH, HCl Jz2 93-94 ~PrOH-/-P1n0) CwHiCINLO ¢, H, N >250) |

« The 4-methyl isomer wax preseut in this preparation to the extent of 7-107¢ ax determined by the nmr spectinm: an 80:20 mixture

of 3-methyl- and 4-methyl-2-thiophenecarboxaldehydes wis 1sed.
of the Kxperimental Section.

cthylene =eries. 8 substitution of the link by hyvdroxy
lends to inactive compounds (sce Table XX111).

Ar H
MN H\
S o 1\‘;\) HUH
139

146, Ar = phenyl
145, Ar = 2-thienyl

The Cyelic Amidine System.—A cyclic amidine
svstem is not essential for anthelmintic activity. The
noneyelic pyrantel analogs 158 and 159 are active.”®
However, among the cyelic amidines, the influence of

NH NH

X ] SON

§” CHCHCN(CH,), S CN(CH,},
158 159

ring size upon activity or poteney is important; for
example, the tetrahydro-1,3-diazepines 3 and 11 are
imactive at the test levels indicated in Table XV,

The majority of the compounds in the present paper
are  2-imidazolines or 14,9 6-tetrahydropyrimidines.
I't was of interest to see if there was any reason to prefer
one =ystem over the other. A comparison of the data
in Tables VI and VII would indicate no marked differ-
encesx between the five- and six-membered ring systems
where ethvlene ix the connecting chain. However, the
data m Tablex VIIT and IX suggest that the tetra-
hvdropyrimidine moiety affords more potent compounds
where (rans-vinviene is the link., Thix observation is
actually the same as that made previously in the discus-
sion of the link, only here the emphasis is different.

One generality for this series so far has no exceptions:
an N-niethyl cyelic amidine ix always more potent than
the corresponding unsubstituted compound (see Tables
X-XIII). Substitution of N by groups larger than
Me leads to inactive compounds.  Substitution on C-4
or C-35 of the ring system also seenis to be unfavorable
(zee Tables XVII and XVIII).

The Aromatic Ring.—-An aromatic ring is essential
for anthelmintic activity: the simple aliphatic analogs
of pyrantel 63, 64, and 110 are inactive.

Asindicated in Tables II-XIII replacing 2-thienyl by
any of its simpler unsubstituted analogs (3-thienyl,

23) LW MeFarland aml 11, L. 1owes, Jr., in preparation,

“The svmbolx axed in thix cobmm are explained al the beghing

CH,(CH)»—{ } HPF, (CH,),CCH=CH—{ :> HPF,
C

H,—N CH,—N

63, n=3 110
64, n=4

phenyl, or 2-furvl) leads to lesx potent compounds in a
wide variety of situations, Also, the 1-pyrrolyl, i-pv-
razolyl, and 2-thiazolyl analogs in Table XX are all in-
active. [t appears. therefore, that 2-thienyl is the op-
timum aromatic system for good anthelmintic activity,
The decreaxing order of potency i~ 2-thienvl > 3-
thienvl > phenyl > 2-furyl.

In discussing substituent effects, at least two factors
have to be conxidered: (i) the position =ubstituted,
and (i1) the nature of the =ubstituent. To explore these
influences. we prepared and tested the xeriex of com-
pounds in Table XTV. With exceptions, ~substitution
at an ortho position is compatible with activity. but
substitution elsewhere results in a loss of activity or at
least a significant reduction in potency. Substitution
at both ortho positions, however, is unfavorable. As
mono-ortho subxtituents both Cl and CHjg lead to highly
potent compounds, but when both ortho positions are
subxztituted by these groups activity ix lost (zee 87 and
96).

While ~ubstitution at one ortho position i compatible
with activity, a wide range of MED's is nevertheless
observed. The nature of the group itself is probably
not the =ole factor determining potency. e.g.. the o-
tolyl compound 84 ix far superior to its parent 82, but
the 3-methyl-2-furyl compound 109 and its parent 108
are essentially equipotent. ‘[herefore, the nature of
the aromatic ring nmust also play a role. It ix also not
sufficient to explain differences of potency on steric
grounds alone: the 2-methoxy analog 101 is inactive,
but the 2-ethyvl isostere 88 ix active. Similarly._ if ~ize
alone determinex whether a group ix compatible with
actiyity, then it is surprising that the 2-hvdroxy com-
pound 99 is inactive while closely analogous halogen
compounds are active. l'urther. the electronic nature
of the group by itself appears to have no relationship to
the activity observed, e... following the work of
Hansch,? a plot of the potency ndex [log (1/MED))
azainst Hammett’s ¢ substituent constant shows no zig-
nificant correlation between these two vartables.

However, anothet aspect of Hanseh’s work offers an

121) ¢, Manseh and T, Fujna, J. . Chen Soe. 86, 1616 {16641
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TaBLEe XX

N

ArCH=CH—{ :>
T
R
P'repara-
Live ANED, v
No. Ar R Saje methnd? AMp, °C Recrystv solveny Favmmiy Aalyses we ke aiven
700 2-C4 MR 11 Maleie 12 Jas-1hAa 101 ey Cyllia Nt = I, N 20 )
F BN O A P i Thriare 12 L7 -1a% 1011 il 1N 125 1
T2 2-Callax yerwy 1l Tasrlarhe I 160 161 1011 CiallaN ()( o 11N 250 N
TR3-Cllg-2-Cellas 1 111 141 ne =1l CollgCINGS 1N EE R 1
4 3CMe-2-Calles s Tariane J) AleO =100 X 1N RN i
73 3-Cle2-Cillx (1 Tariarie 'l MeCON .11 N Y50 n
{14}

76" 4-CHa-2-C4llS ('l 11C1 11 1O RO Ve 1L N )
TT5-CHa2-Cells® - CllL HPE 15 =011 1N !
T8 B-yls-2-Cill8 Clly I"wiarie I 101' l/l len 10210111 COM,N H
TO O B Pr-2-Ch 11N Clh Tartaric )2 110-113 10N LN )
8O 3-C4115R (@I Flumaric 12 163104 AMeOIl LN 1
81 Cglly 1 Maleir 1y 122--123 “1I'rOH-E10 NN 1
32 Csll Cl HPF, )2 147- 148 121011 .11, N 1
83 2-CHsCsMy 1 11C1 131 210-211 &~ O 1L N )
84 2.CMaCslly C'Hl 1At th 184--183 £ rOl1l « Jll‘uﬁ( Iy s N LN 1
88 3-C11Csll [ e mn 189 -190 Proll CulliCIN ¢ 11, N i
86  4-CHaCelly Clle NPy, 14 200202 D011 Co N1 CoIL N 1
87 2,6-(Cl5 2 Calls Ol Tartare 12 203--206G 1.0 ! o 1N 2
88 2-CeHsColle s 11PY, 115 MeOll 1L N )
&g 2-F(Cslla Cll 1P 1A 100N COUON )
00 -1 CsMy (ers) CHs 1Py B 1on COMLN )
91 B-1 gy CHy NPI 115 01l 11N )
O Ao el il HPY, "5 1LiOM ¢ 11, N 1
3 2-ClCa Clhy Tartare 12 Lo 110 .11, N 1
a1 3-C1C 41 1l Tartaric 1 110 ¢, N >10D 1
95 1-C10stL [QEF 1P 11a 10N o1 N > 25 |
@l 2 6-C et sh CHy Tartar» 12 EtON C.11N > 110 5
97 ‘?-Br(,'slh Clls HPTe 15 1tOR .11 N 151 1
OB 2210610 CHe Fumarie J 208-:04 MeO1-13011 CoNN g 1
1) ,) HOCsT1 CHz Mimarie hE] N7 11,0 COIEN >U00 1
110 1-110¢ 6. 14 CHy Tartarie i) 224-223 MeO11-160 N >2aa "
101 2-C1150Cs1 1 CMs Py, 15 119 120 on 1N >HL A )
102 3-ClLOC hH, Cll 1100z 12 170172 EtON ColLN RV 1
103 (@) Turtacie 1 126128 11.0 010N >10¢ 1
101 ; CHa Tartaric 11 95-07 H.O-¢-PrO11 o1 N >2)0 1
104 .’-( 11,0001 Clhy Fimarie (1 4 J1 -0l . 11N bR '
Jot  LNOLCelly Clh Tartarie J1 11:0-4-rO11 A0 ol N il )
107 3-NDCelly 11, 1Cl m ; P01l 1N > ) 1
1D% - C4ll0 CHs Citrir 12 137158 AMeOll-Me("O OO 1N 125 )
1G4 3-CH 220D Ol HI'. 15 193-105 Lion 1N 1245 1
110 1O a0 Cllg NP 14 146-148 O 1N > 100 H

* N speetrinm indicates less than 59 of the 3-methyl isomer to he presem (see 4- melh\ 1-2-thiophenec 411)()\(11(19}1\ de in the Isxperi-
mental Rection); the activity of this u)mpolmd conld be entively acconnted for it ouly 1-3¢ of 74 were present. " The svmbnls nsed
in thix colun are explained at the beginniug of the Experimental Section. v Isolated in 1"[ yie-ld diring work-ap of 1 reaction mixinre
leading 89, 7'The prodact was not contaminated by the lrans womer of any cher moierial ax determined by puper chromatography.

68.

Tasie XX111
/N\
Ar CHCH2—<N (CH,
OH
CH,
I'repara-
tive AMED, Dayvs
No. Ar " Sali metlod® AMp, °C Rerrysin xolvewt Faranln Analyses meskp given
111 2-C,H;S B HCl G2 162-163 -PrOH Cn L CIN,OR ¢, H, N > 201) |
112 4-CH;-2-C HoS 3 HCl G2 169-170 -PrO11 CpHLCIN, 08 ¢, H, N >201) ]
113 CeHs 3 HCI (12 174-176 S1OH CuHiCIN,O ¢, H, N >250) |
114# 2-CH; Gl 2 1 (72 161-163 -PrOH-~-r,0 CylwCINLO) H, N; ¢ RATNE "
115 2-CH;CsH, 3 hase (w3 82-83 CeH o CraHapN () ¢, H, N =500 1
116 3-CH;3CsH, 3 HCL 2 150-181 -PrOH CrHqCINLO ¢ H, N >0 |
117 4-CH;CeH, 3 HCl G2 207-208 -PrOH CHa CINLO C, H, N >250 |
115 2-ClCgH, 3 HCI G2 185-187 -PrOH-EtOAc CpalsCLENLO C, H, N >250 t
1o 2-CHsOCH, 3 HCl G2 154-186 -PrOH CreH2 CIN O C, H'N o
120 3-NO;CeH,4 K HCl 2 I8H-187 EtOH CH sCIN1Os C, H, N o
121 4-NO2CsH, A HCl G2 204-205 EtOH CsHisCINGOy ¢, H, N o

¢ This preparation cousisted of approximately 10~13%7 68 (as the HCI salt) as determined by nmr and nv spectroscopy.
members of this group, this compoimd showed anthelmintic activity.
® The symbols 1ised in this column are explained at the heginning of the Experimental Seetian,

1N ot 1exted.

o

caled,

61,

Gulike nihie

The activity, however. ix most probably duc tn 1he presence of

fonnd, 627
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important insight into one effect which we believe plays
a dominant role in governing the potency of the oytho-
substituted phenyl analogs, and, by way of extension, of
other analogs in this series. According to Hansch,?*
the potency of a drug in a series of closely related com-
pounds frequently depends upon its lipophilic char-
acter. In such cases, there 1s a regular increase or a
regular decrease in potency as the compounds beconie
more lipophilic. Eventually an optimum degree of
lipophilicity will be observed, and any further increase
or decrease in lipophilic character will result in a less
potent compound. To put this effect into quantitative
terms, Hansch introduced the = substituent constant
which is analogous to the Hammett ¢ constant, only in
this case the related linear free-energy change refers to
partition coefficients instead of ionization constants.
In his theoretical treatment, Hansch concluded that the
relationship of biological response to 7 will take the
form of a parabola, and such a curve should be general
for drug series where lipophilicity largely determines
potency.

Table XIV lists the = values for the ortho substituents
in the phenyl series. The more potent compounds in
this group are associated with 7 valuex of about 0.7
(see 84, 93, 97): compounds associated with larger or
smaller = values are less potent almost to the degree
that their 7 values differ from 0.7. Thus, among
phenyl analogs of pyvrantel, it appears the o-methyl
derivative is near some optimum degree of lipophilicity
for the group, i.e., its associated = value stands near the
maximum of some parabolic relationship with potency.
However, when these same data are treated in the
manner described by Hansch® in a multiple linear re-
gressiont analysis using =2 and = as the independent
variables, no statistically significant correlation is found.
This does not mean, of course, that the proposed para-
bolic relationship is necessarily disproven; among other
possibilities, it could also mean that some other com-
plicating factors which have not been taken into account
are alzo influencing potency. Indeed, a verv highly sig-
nificant dependence of the potency upon =* and = i
found when the effect of a substituent’s dipole moment
and itz bulk are taken into consideration.®

In any event, the proposed relationship can be tested
further by applying its principle to compounds which
lie outside of the ortho-substituted phenyl group, e.g., it
is quite clear that a nearly parallel relationship exists
among the 2-thienyvl derivatives 71, 74, 78, and 79 (see
Table XIV). Here again the 0-CH; analog 74 1s the
most potent of the group; however, the bronio com-
pound 79 is less potent than expected. A number of
otherwise difficult to explain structure-activity rela-
tionships are also accommodated by the hvpothesis that
lipophilicity plays a dominant role in determining the po-
tency of pyrantel analogs, and that there is an optimum
degree of lipophilicity in this series of compounds. One
relationship we found initially puzzling is that although
substitution of the 8 position by methyl is compatible
with activity (e.y., see compounds 142, Table I), sub-
stitution by hydroxy results in the loss of activity (zee
compounds in Table XXIII). However, when it ix
considered that, compared to CHy, OH ix a very hydro-

(25) J. W. McFarland, in preparation. Wohile the complete analysis of
these relationships belongs in the paper at hand, it is unfortunately much too

lengthy; a consideralile amount of theoretical hackground lhas to be intro-
duced.
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philic group, the mystery disappears, .e., the com-
pounds in Table XXIITI are all much too hydrophilic to
be active. The inactivity of the a-CH; compound 144
is most probably due to a genuine steric effect. An-
other relationship we found so far has no exceptions:
replacing the N CHj; group by H always results in lower
potency. It ix obvious that the hydrogen bonding
N-H group =hould be more hyvdrophilic than N-CH,
and this effect should make compounds of the former
type less potent than those of the latter.

The lipophilicity argument can also be used to ex-
plain_ at least in part, why the furan derivative 108 ix
much lesx potent than the phenyl analog 82, and the
thienvl compound 71.  Of these three substances 108 ix
undoubtedly the most hvdrophilic because the oxygen
atom of the furan is a better hydrogen-bonding base
than either the sulfur atom of the thiophene or the =
electrons of the benzene svstem. Therefore, it is
reallv not surprising that the furan compound i not
very potent.

The foregoing structure-activity relationships, al-
though complex, sutcessfully guided the investigation of
pyrantel analogs to the dizcovery of a large number of
new anthelmintic agents, some of which will be reported
i subsequent publications. %

Experimental Section

Boiling points are nncorrected; melting points were deter-
mined ou a Mel-Temp melting point apparatns (Laboratory De-
vices, Cambridge, Ma=x.) and are corrected. Where analvses
are indicated only by symbols of the elements, analytical resnlts
obtained for those elements were within 0.4, of the theoretical
values,

The meaning of the symbol nsed 1mder the heading “Prepara-
tive Method" in Tables XV-XXV is as follows: the alphabetic
character refers to the general synthetic methods ilhistrated in
the Experimental Section; the arabic nnimeral refers to one of the
following snbroitines nsed to isolate or purify the final product:
(1) solate the salt directly from the reaction mixture and then
recrystallize; (2) wolate the prodnet as the crude free base, con-
vert it to a snitable =alt, and then recrystallize; (3) isolate the
prodiet as the free base, thei distil or recrystallize; (4) convert
the distilled base to the appropriate =alt, then recrystallize; and
(5) precipitate the HPF; salt from an agneons solntion of the
crnde HCL or other water-soluble =alt by the addition of 65
HPF,.

Method A, Additlon of 2-Chloromethylthiophene to Thio-
ureas. 4,5,6,7-Tetrahydro-2-(2-thenylithio)-1H-1,3-diazepine
Hydrochloride (3).—A mixture of 26.0 g (0.2 mole) of 2,3,4,5,6,7-
hexahydro-1H-1,3-diazepine-2-thione? and 500 ml of MeCN was
heated under reflux with stirring, and was subsequently treated
with 28.0 g (0.21 mole) of 2-chloromethylthiophene. Stirring
was eontinned for 2 hr.  The reaction mixture was concentrated
to a small volnme, and unreacted thione wax filtered from the oily
rexidile which was snbsequently tritnrated nnder PhH to afford
the erude produet as a crystalline material; vield 17.0 g (32%),
mp 157-159°.  Thix was reerystallized to afford pure 3, mp 158-
159°.

Method B. Cyclic Amidines from Imidate Salts. 1,4,5,6-
Tetrahydro-2-[2-(2-thienyl)ethyl]pyrimidine Hydrochioride (10),
—The method of Pinner® was axed to convert 162.4 g (1.18
molex) of 2-thiophenepropionitrile (124) to ethyl 2-thiophene-
propionimidate hydrochloride, vield 223.5 g (86%), mp 122-
124°, This product was 1sed in the next step withont further
puarification.

A solation of 730 g (9.88 moles) of 1,3-propanediamine and 9.9

(26} J. W, McFarland, H. L. Howes, Jr., I.. H. Conover, J. E. Lynch,
W. C. Auvstin, and D. H. Morgan, in preparation.

t27) J. W, McFarland and H. L. Howes, [r.. J. Med. Chem., 12, 1079
(1969), paper Il

(28) A.F. McKay and M. L. Kreling, Can. .J. Chem., 85, 1438 (1957).

(29) Review: R. Roger and D. G. Nielson, Chem. Rev., 61, 1/9 (1961},
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N Ar % et bod” Bp oy, *C "L Pac Oy, 2O w70 Voriania Aalvses
122% 2-CyHp=R 0 L 100 135) 196 17011
12:34 2-C4H\S 1 1 96 16 1 15388 120122
124 2-CHyS J M QO o too41s 1209417 15402 1201
125 3-CHy-2-CyHR 2 M ST 1 5440 COHONR ¢, N
126 +-Br-2-CH.R 2 t) tG 1 21 CSHRBrNR 0N
[ 2-CHCaly 2 M THay D t.0200 CrdlnN ¢, 1, N
[IRA 2-Cdlat) 2 N Tt 22 t 4740 M4
1241¢ 2-Pyridy] 2 1. N2 (1), 5 1.5162 902, 121752t
1304 1=Pyrrolyv] 2 B 04102 15105 [HERRIVE toOUNS €267
131 1-Pyrazolyl N L. S t 4072 129611+ Oy NG N
132 2-Thiazolvl 2 N (
135 2-CH = A N 145 (25) ‘

« W, Stemkopf and W, Ohse, .tnr., 437, 14 11924,

7 Rorm and J. Brandejs, Colleet. (zech. Chem. Cononan., 12, 444 (1047 ).
.00 M. Patierson, J. Brasch, and P. Drenchko, /. Org. Chen., 27, 1632 (1062).
“ The xymbolx nsed in thix colimn are explained ut the begimming ol the FExperimen-

S A Chene, Soe., 75, 32450 (19533).
Jo ML Oth, and FL Billian, Bee,, 97, 331 (1964).
1l Rection,

304 toand, 38.4: N ealed, 6.5 faund, a9,

" F. Blicke and F. Leonard, /. AAne. Chene, Soe., 68, 1934 (1046).

* Comde nitrile was nsed directly in next step withont further characterization.

csee et 11,
- V. Boekelheide, W. .J. Linn, P. O'Caady, and M. Lamborg,
« 1. Remnlinger,

TaBLe XXV

Ar--CH

Peepuya-

(ve
N AN e ol By imng, *C
134 2-CHs K 150 (251
135 H-CHy-2-CyHR K 126 11,29
136 H-CHy-2-CyH.R Ix TS T10.)
157 3-Cilhs 1N 154 (14
13N 2-("H,Cel, K 1008

“The svimbols nged in thix colinnn are explained at the bheginning of 1the Fxpernmental Section.

chiromatography and ‘or nmr xpectroscopy.

L. of dry MeOll was treated portioewise with 1970 g (3.95 moles)
of ethyl 2-thiophenepropionimidate hydrochloride. ‘The resnlt-
ing =olution wax heated 1nder reflux for 2 I during which time
Nl1l; evolved from the renction mixtare.  After cooling to room
lemperature, the solntion was concentraled nuder rednced pres-
snre antil erystals appeared.  The ernde prodnet was recerystal-
lized, vield 1820 g (8847 ), mp 171-172°,

Method C. Reaction of Primary Amines with [sothiuronium

Salts. 2-(2-Thenylamino)-2-imidazoline Hydrochloride (6).
A =olntion of 24.4 g t0.1 mole) of 2-methylthio-2-imidazolne
hydraiodide, 11.3 g (0.1 mole) of 2-thenylamine, and 150 ml of
1,0 wax heated nuder retlux for 1 e, After cooling somewhat,
the agnecns solntion was evaporated under rednced pressure 1o
atford a erystalline rexidne.  The crade prodnet was reerystallized
to afford analytically pire 6, yield 14,1 g 1467 ), mp 120-122°,

Method D. Condensation of Nitriles with Diamines. 2-(2-
Thieny!)-2-imidazoline p-Toluenesulfonate (13).- According io
the procednre of Oxley and Short,® 11,9 g (1h1 mnle) of 2-thio-
plienecarbonitrile® wax converted tn 13, vield 182 g 1567, ), mp
188-101°.

Method E.  Condensation of Nitriles with Diamines Catalyzed
by H,S. 1,4,5,6-Tetrahydro-1-methyl-2-]2-(1-pyrazolyl)ethyl|py-
rimidine Dihydrogen Citrate (61). - A =olntion of 12.1 g (0.1
mole) of l-pyrazoleprepionimile (131) and 8.8 ¢ (0.1 mole)
of N-methyl-1,3-propanedinmine was treated with 1.1 g of dry
1= and the resnlting mixtnre was heated to 83°,  ‘The tempera-
tre was maintained wt 83° for 24 . Crade 1,4,5,6-tetrahydro-
T-methyl-2-12-t -pyrazolyDethylpyrimidine was isolated from
the reaction mixtare and was converted to the eitrate =alt, vield
70 g, mp 143-148° dec.  The prodicet was recry=tallized 1o fur-
nish 5.4 g (147) of pure 61, 1np 148--150° dec.

Method F. Cyclic Amidines r/c Imidate Salts from Amides
and 1,3-Propane Sultone, 2-{2-(2-Furyl)vinyl]-1,4,5,6-tetra-
hydro-1-methylpyrimidine Dihydrogen Citrate (108).--A mix-
e of 17 g (0.1 mole) of 2-furanacryliamide and 12.2 g (0.1

1301 ja) AL lanlzsely, Bev., 24, 31 11801): 1o ' Karrer. V. Rolhmana,

pnl 1 Zoller, fele, Clhism.e Aetie, 8, 261 110900,

A enled, 6.0 toomdo 5. 20 eded,
CHCN

Ranio®
ol oty teds Farumla Vaalyvses
16370 ¢, 1, N
HINR COH, N
2 CIIENS ¢, 1, N
6192 663 CiHNR (_H, N
1001 CHeN o, 11, N

¢ A= determined by vapor phase

mole) of I3-propane snlione was hented at 1200 1407 nnd stirred
with a glass rod.  After 30 min the solntion began ta =olidify.
Heating was continned for un additional 30 min.  Upon cooling
ro reom temperatnre, the reactionc mixture was tritnrated nder
Me,C'O and was then filtered to fiamixh 21.6 g (807 ) of the ernde
midate  inmer sedt,  3-C-Hanacrylimidoyloxy)propanesnlfonic
acid.

A solutioy of 8.8 g 1.1 ole) of N-methvl-1,3-propanedizunine
and 100 ml of MeOH was trented portionwixe with 216 g t1.08
mole) of the imidate inuer <alt and heated nnder reflux for & hr.
Crade 2-[2-2-furyh)vinyl]-1,4,5,6-tetrahydro- 1-methylpyrimidine
wax solated ns the free base and converted 1o the citrate <alt 108,
vield 13.6 g 14671, mp 157 -158° dec.

The above procednre ix hased on o method deseribed hy Hied
and Schmidt,®

Method G. Adducts from Arylaldehydes and 1,2-Dimethy!
Cyclic Amidines. 1,4,5,6-Tetrahydro-2-(3-hydroxy-2-methyl-
phenethyl)-1-methylpyrimidine (115).--A solntion »f (9.0 g
11575 mole) of o-tolnaldehyde, 66.5 g 10.575 mole) of 1,4,5,6-
yetrahydro-1,2-dimethylpyrimidine, and 75 ml of Phll wax al-
lowed 1) =1and at room tempernture for 48 hr and then evap-
orated nuder rednced pressure 1o afford a erystalline rexidne.
This material was reervstallized to firmish analytically pore 115,
vield 7.0 g, mp 82-83°. ‘The filtrate wax concentrated to atford
A =econd erop of prodnet, vield 33.0 g (2550), mp 81-82°,

1,4,5,6-Tetrahydro-2-12-hydroxy-2-(2-thienyl)ethyl}-1-meth-
ylpyrimidine Hydrochloride (111)-- A solution of 11.2 g (0.1
mole) of 2-thiophenecarboxaldehyde, 11.2 g (0.1 mole) of 1,4,5,6-
tetrahydro-1,2-dinethyipyrimidine, and 80 ml of Phll was nl-
lowed to stand ut room temperature for 48 hr. The more volatile
romponents were then evaporated nnder redneed pressure, and
the residne was taken np in 5001l of Lt,Q.  Dry HCI wis passed
jhrongh the It,0 <ohiriem cansing a waxy yvellow =olid to precipi-
tate. ‘The ether was decunted, and the residne wax triturated
nnder MeCN. The mixtare was filtered, and 7.8 g of erystalline
material wax collected; anather 3.0 g was obtained by concen-
lrating the filtrate. ‘The crystalline fractions were combined
and reerystallized to atford colorless eryvstals of pnre 11710 vield
S g I3, mp 162 160°.
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Methods H and I are elimination reactions of the addiets from
nmethod G.

Method H. Catalysis by Ac.O. 1,4,5,6-Tetrahydro-1-methyl-
2-(2-methylstyryl )pyrimidine Sesquihydrochloride (84).—-With
ice-bath cooling 112.1 g (1.0 mole) of 1,4,5,6-tetrahydro-1,2-di-
methylpyrimidine was treated with 120.1 g (1.0 mole) of o-tolu-
aldehyde. After standing overnight in a refrigerator, the mixtiure
was nearly completely crystallized, and consisted almost entirely
of the adduet 115, With ice-bath cooling, the mrefined addnet
was treated with 450 mi of Ac,O. TUpon removing the ice bath
the temperatire rose spontaneon=ly to about J0°.  Most of the
excess Ac() was evaporated nuder rednced pressure, and the rex;-
due was tuken up in 150 ml of MeOH. Thix =olntion was then
treated with a solntion of 80 g of dry HCI in 350 ml of MeOH.
After 13 min, the alcoholie solntion wax evaporated, and the thick
oily residne wax treated with PhIl. Ivaporation was con-
timied, and a =olid rexidue wax obtained. Thix material wax
tritnrated under ~PrOH and filtered to atford 84, vield 62.0 g
(23¢70), mp 184-188°., Anal. (CiHw;CL:Ny) C, H, N: CL:
caled, 19.8; fonnd, 19.2.

Method I, Catalysis by Hydrogen Chloride. 1,4,5,6-Tetra-
hydro-1-methyl-2-[2-(2-thienyl)vinyl|pyrimidine Hydrochloride
(147).—A stirred solntion of 22.4 g (0.2 mole) of 2-thiophene-
carboxaldehyde in 70 ml of FKtOAc¢ was treated with a solntion of
11.2 g (0.1 mole) of 1,4,5,6-tetrahydro-1,2-dimethylpyrimidine in
30 ml of EtOAe. The mixtare was chilled in an e bath for
several homrs.  Approximately 0.2 mole of dry HCI was passed
through the ~olution, cansing a gnm (crude 111) to precipitate.
The gummy material wax taken np in 75 ml of 10¢; dry HCl in
+~PrOH. The mixture was heated nnder reflux for 2.5 hr and
evaporated under rednced pressire to furnish a viccons oil.  Thix
material was tritirated with MeyCO to furnish 13.2 g of ernde
prodact, mp 190-194°, The ernde material was recrystallized
from 1-PrOH to afford 12.1 g (30°() of pure 1,4,5,6-tetrahydro-1-
methyl-2-[2-(2-thienyl)vinyl]pyrimidine hydrochloride (147), mp
195-196°. . Anal. (CH:CINS) C, 1L N,

Method J. Direct Condensation of Arylaldehydes with 1,2-
Dimethyl Cyclic Amidines. 1,4,5,6-Tetrahydro-1-methyl-2-]2-
(2-thienyl)vinyl|pyrimidine Dihydrogen Citrate (148).—A soht-
tion of 6.16 g (0.06 mole) of 2-thiophenecarboxaldehyde, 5.61 g
(0.05 mole) of 1,4,5,6-tetrahydro-1,2-dimethylpyrimidine, and
25 ml of Ph)Me was heated nnder reflux in an apparatis which -
chnded a Dean-Stark inoisture trap.  After 8 hr (1.75 ml (83%)
of H.O had collected in the trap. The more volatile components
were evaporated nnder rednced pressure to afford a dark oily
residue which was the ¢rnde condensation prodnet.  The free
base =0 obtained was converted to the citrate =alt: vield 12.0 g
(60%¢), mp 172-176°.  One reerystallization from MeOH gave
9.0 g (459) of analyvtically pure 148, np 177-180°. . lnel.
[C”l{g-_)xg();) C, II, N.

2,3,4,6,7,8-Hexahydro-8-(2-thenylidene )pyrrolo(1,2-¢| pyrim-
idine Hydrochloride (139).—A =olntion of 149 g (0.12 mole) of
1,5-diazabicyelo[4.3.0]-3-nonene, 11.2 g (0.1 mole) of 2-thio-
phenecarboxaldehyde, and 12 mi of HCO.,CH; wax heated at. 40—
45° for 18 hr,  The mixture was evaporated nnder redaced pres-
sure, and the residne was treated with 50 ml of 3 N dry HCI in
MeOH. The acidified solition was evaporated, and the dark
crystalline residne was triturated vmder ~PrOH. The cnde
produet. was recrystallized from 1-PrOH to farnish colorless
erystals of 139, vield 10.5 g (4390), mp 252-25.5°, Anal. (Cp-
Hi;CINS) H, N, 8; C: caled, 56.6; found, 55.4; Cl: caled, 13.9;
foand, 13.4.

Method K. 3-Arylacrylonitriles by Condensation of Aryl-
aldehydes with Cyanoacetic Acid-—'T'he procedure of Patterson®!
was adopted to prepare the appropriate componnds in ‘I'able XXV,

Method L.—Procedure of the literatire reference was followed.

Method M. 3-Arylpropionitriles by Catalytic Reduction of the
Corresponding 3-Arylacrylonitriles. 3-Methyl-2-thiophenepro-
pionitrile (125).—A mixtiire of 101.7 g (0.685 mole) of 3-methyl-2-
thiopheneacrylonitrile (135), 5.0 g of 1097 Pd-C, and 100 ml of
dry EtOH was reduced in a Parr hydrogenation apparatns ac-
cording to the procednre recommended by the mannfacturer.
After filtering the reaction mixture, the filtrate wax concentrated
to an oil which was distilled to firmish 125, yield 68.6 g (67'%),
bp 87° (0.2 mm), n2*p 1.5440, d24, 1.0908.

Method N. Conversion of an Amide to a Nitrile. 2-Furan-
propionitrile (128).—A solntion of 41.6 g (0.3 mole) of 2-furan-

(31) J, M. Patterson, Org. Syo.. 40, (1460}
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propionamide,®?* and 120 ml of pyridine was cooled to approxi-
mately 5°. With efficient stirring and continmed cooling, 73 g
(0.3 mole) of PhSOL,CI wax added dropwise.  After the addition
was complete the mixture was allowed to stand overnight at room
temperatiire. The solution was poiired into 1 1. of ice and water.
The aquieons sohition was adjusted to pH 1-2 by the addition of
HCl, and organic matter was then extraeted with Et,0. The ex-
tract was dried (Na.S0O,), filtered, and evaporated nnder rednced
pressure to afford an oil which was fractionally distilled to give
128,

An alternate procednre for converting an amide to a nitrile is
that of Mowry and Bntler.»

Method O. Nitriles by the Action of Sodium Cyanide on
Alkyl Halides,—A solntion of 4-bromo-2-thienvilithinm in IEt.0
was prepared according to the procednre of Lawesson.®  Ethyl-
ene oxide (1.5 molar eqniv) wax then added at —70°.  After
allowing it to warm to room temperature overnight, the mixture
was stirred vigoronsly with 2 & .50, The ether phase was
=eparated, and the aqieons phase was extracted with Et,0. The
combined ether pha<es were dried, filtered, and evaporated under
reduced pressure to furnish an ol which was distilled: yield 477,
bp 144-145° (10 mm), This material, 4-bromo-2-thiophene-
ethanol, was not characterized further and was nsed directly in the
following preparation.

A solntion of 10 g (0.0483 mole) of 4-bromo-2-thiopheneethanol
and 50wl of Phl wns treated dropwixe with 5 g (0.0185 mole) of
PBry discolved 1 20 mil of PhH. The mixture was heated nuder
reflux for 2 hr; after cooling, 30 ml of ice water was added, with
vigorons stirring.  The PhH phase was =eparated, and dixtilled
to afford 4-bromo-2-(2-bromoethythiophene (149), vield 6.7 g
(3277, bp 145-147° (11 mm). lnal. (CiHgBr&) Br.

A xolntion of 8.3 g (0.0308 mole) of 4-bromo-2-(2-bromoethyl)-
thiophene, 1.85 g (0.0:378 1nole) of NaCN, 1.8 ml of H.O, and 40
ml of EtOT] wax heated under reflux overnight.  The EtOH was
dixtilled, the rexidne was (nken np in IH(), and the aqueons phase
wax extracted with IKt,00.  The ether extract was dried, filtered,
and evaporated mnder reduced pressure. The rexidie was
di=tilled to furnish 4-bromo-2-thiophenepropionitrile (126).

Method P. Photolsomerization. is-1,4,5,6-Tetrahydro-1-
methyl-2-[2-(2-thienyl )vinyl|pyrimidine Tartrate (72).—A solu-
tion of 10.0 g of rrans-1,4,5,6-tetrahydro-1-methy}-2-[2-(2-
thienyh)vinyl]pyrimidine tartrate (71) in 1000 ml of MeOH con-
tained in an erlenmeyver flask was expoxed for 3 davs to direct
<nnlight. The solvent was evaporated nnder reduiced pressire,
and the rexidue was recrystallized from BtO1 to afford colortess
ery=tals of 72, mp 160-161°.

1,2-Dimethyl-2-imidazoline.— Mecthod B3 wax axed to ebtain
1,3-dimethyl-2-imidazoline ax oil (approximately 95%. pure as
determined by vapor phase chromatography): vield 837, bp
45-511° (16 mm), n2%p 1.4668 [Lt.* wmp 90° (si¢)].  The dihydro-
gen citrate =alt 150 wax prepared and recrystallized from EtOH
for mnalysi=: mp 108-109°,  Anal/. (C,HiN.O;) C, H, N.

1,4,5,6-Tetrahydro-1,2-dimethylpyrimidine.—Method E3 was
nsed to obtain 1,4,5,6-tetrahyvdro-1,2-dimethylpyrimidine ax a
blue 0i, vield 56, bp 72-76° (12 mm), n%p 1.4932. The
HPF; =alt 151 wax prepared and was recrystallized from -PrOH
for analysix, mp 136-157°.  :Anal. (CeHFNLP) C, H, N.

(32) 2-Furanpropionic acid was prepared Ly the procedure of R. J.
Rallings and .I. C. Smith, JJ, Chem. Soc., 618 (1933). Tlie acid was converted
to its Me ester, and ammonolysis of the ester afforded the amide. The physi-
cal properties of and tlie literature references to the acid, Me ester, and amide
are given by A. P. Dunlop and F. N. Peters, 'The Furans,” Reinliold Pub-
lishing Corp.. New York, N. Y., 1953, p 590.

33y D. T. Mowry and J, M. Butler, ""Organic Syntheses,'” (Toll, Vol. 1V,
N. Rabjobn, Ed., .lobn Wiley & 8Bons, Inc., New York, N. Y., 1963, p 486.

(34) £.-0. Lawesson, driie Kemi, 11, 317 (1957).

t35) A. Ladenbnrg |Ber., 27, 2952 (1894)] reports the preparation of this
material by the reaction of 2-methyl-2-imidazoline and methyl iodide, and
subseqnent isolation of the free hase. 1llis prodiet was crystalline. and a
good analysis was reported. No otler citations for 1,2-dbneibyl-2-imid-
azoline were found in the literature. lLalenlvirg's inellio] of preparation is
somewhat efjnivocal, hecau e the produect of monomethylation is capable of
further reaction with iethy! iodide. We bLelieve that the lignid state at
room temperature is more reasonalile for the componund in «1esiion.

(36) The same compound prepared in low yield Ly niethod B3 was color-
less. llowever, addition of a trace of 11a¥ caused this material to turn blue
also. The nature of this reaction lias not heen investigated, but the blue
0il is essentially greater than 999, pure when fractionally distilled. I!nitially,
the freshly distilled oil is nearly colorless but on standing it again assumes
a blue color. It is useable as sich in subseqnent reactions without detri-
ment to the products thereof.
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Ethyl s-Methyl-2-thiopheneacrylate (152% - 'The procednre
for Wadsworth and Emmons® was uxed to convert 126 g 11.D
mole) of 2-acetylthiophene to ethyl g-methyl-2-thiopheneacrvlate
1152), vield 112.6 g (38',), bp 83-83° (0.1 mum) tlil.» bp 72--74°
at O mm), a2 15730 dnael. 1CHOS ) 1T

3-Methyl-2-thiopheneacrylonitrile (140) wax prepured in a
manner analogons to rhat described above.  1hethyvl evano-
methylphosphonate was nsed i place of triethyl phosphonoace-
late. Irom 12.6 g 10.10 mole) ot Z-acetylthiophene there was
obtaived 11.7 g (79 1 of produet, hp 65 79° (1L.03 0.04 mmy,
ey L6162, leel. s CHNS) G 11, N

s-Methyl-2-thiopheneacrylic Acid 1153;. Ilthyl g-methyl-2-
thinphenencrvlate was aponified by NaOH w MeOl to finnish
cventnally g-methyl-2-thiopheneacrylic acid 1153), vield 5.6 g
mp 107-108° (from MeOH) thit.® mp 113-115° tran hexane .
Anal, (CgHON) €, H.

3-Methyl-2-thiopheneacrylamide 1141 j. - Cramer and Winter's
procedure®® was nsed to convert 16.8 g (1.1 mole) of 3-methyl-2-
thiopheveaerylic acid to 141: vield 11.6 g (70<), mp 122-124°,
One reerystallization from PhH atforded an analvtical <sample:
mp 124-125° dnal.  CHNOS) TN,

Method Q- Cyclic Amidines /¢ Imidate Salts Prepared from
Amides and Et,O*BF,-. 1.4,5,6-Tetrahydro-1-methyl-2-{2-
methyl-2-(2-thienyl)vinyl] pyrimidine Hexafluorophosphate 1142).

With magnetic <tiring o =hory of K36 g (0.05 mole) of g-
nmethyl-2-thiophepeacrylamide in 100 ml of dry Etyt) was cooled
m an ice bhath and treated with 9.5 g ().03 mole) of () *BF,- »
portionwixe.  The mixture was allowed 10 warm to mom 1em-
perature, and <tirring was conlinned overnight,  Daring this
lime the ivitially colovless snlids turned yellow.  Upon filtrarion
4.0 g (9997) of crnde ethyl g-methyvl-2-thiophenearryviimidae
Huoroborate tmp 142-146°1 wax recovered.  Withont turther
purification the imidate salt was added portionwise tq a <tirred,
ice-conled solution of 4.4 g 10,05 mole) of N-methyl-1,3-propane-
dinmine i 100 ml of MeOl.  The resnlting solmtion wns heated
nnder reflux for 2 days.  After the volatile component~ were
eviporated mnder rednced pressnre, the residne wax shnried in
1,0 and treated with 5 ml of 657, HPF.. The ery=talline =olidx
were filtered and recrystallized from /~PrOH-Ha0) 1o vield 142:
vield 7.2 g 139 00y mp 136-137°. The prodnet was recrystallized
from MeOH-1stOAe 10 furnish an nnalytieal =ample: vield 5.0 g
mp 138139 dual. (CplliFeNPSy ¢ H, N

w=-Methyl-2-thiopheneacrylamide (143). -The procednre of
Polva and Spotswood®t wias n=ed to prepare 143 trom 2-thio-
phenecarboxaldehyvde and dipropiomimide:  vield 1.9 g 113'70),
wmp 10-152° One reerystallization irom PhIl gave nvalytically
pure material, mp 131 132°0 aaf. (CUHONOS) C) H N

1,4,5,6-Tetrahydro-1-methyl-2-]1-methyl-2-i/2-thienyl)vinyl| -
pyrimidine hexafluorophosphate (144) was prepaved fram 8.4
g (.00 mole) of a-methyl-2-thiopheneacrylanide by method Q.
The yvield after reerystalhization trom ~1OH was 300 g #1774
Wwp 125-125°0 el CLTLFNGDS O LN

{riy9=2-12=-Thienyl)cyclopropanecarbonitrile 1154 - P'roced-
nre N owas nsed to converr 233 g (00130 wadesy ot frans-2-12-
thienylevelopropavecarboxamide™ 6y frares-2-2-thienyeyeln-
propanecarbonitrile 11545 yield 100 g 48 0 by 77° (0.2 mmy),
ey 15622, ddnal. (CoHNSYC, TN

{rans-1,4.5,6-Tetrahydro-2-|2-;2-thieny!)cyclopropy! pyrim-
idine (145). A =olathm of 121 g «LOST mole) of frans-2-(2-
thienyljevelopropanecarbonitrile, 3.7 g 4.8 ml, 0,081 moler ot
dry ILOH, and 50 ml of dry F1O was eomled inan ice bath and
satnried with dey HCL O After the reacsiinn mixrare <tood over-
mght at 0-3%, the oy iimdare <alt sepmrated:;  yvield 17.2 g
020, A sobition of the total ernde Inndate HCL 5.0 g 0,075
mole) of 1,3-proparediamine, aud Met) 1 was heated noder reflnx
overnighl, 'The renction mixire was evaporated nuder reduced
pressire tn give the ernde tetrahydempyrimidine =alt which was
snhzequently converied to the free base.  The produet was re-
cryvstallized from Phl -Cilhy to nflord 1.7 g 16,47, ) of 145, mp
1359-133°, ‘The analvtieal sample wached at 133-134°, dnal.
yCaH NS CO TN

{rans-1.4,5.6-Tetrahydro-2-12-phenylicyclopropyl jpyrimidine

vy WS Wadswaordonnt W D, [Speonis, . s Chese. Sor., 88, 1732
[RUTIAN

638y 1ML Seewarcawd D WO Wahaolley, Bilachewistrg, 3, 1948 (109G

39y 7. Crawer aml M. Winter, Ber., 94, 984 v 10611,

(40 11, Meerwein, (/rg. Ny, 46, 113 (19663,

1) ). B, Polva anmd T. AL Spotswom!, Rer. Tewe, Cline,, TO, 146119515,

¢4 )0 WL MeFarland, /. Org. Chem.. 80, 3248 (110651,
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(146 1. 1o msdogrons mnamer, 146 was prepared tan 1405 g
.1 mole) of secns-2-phenyleyclopropanecarbonitrile; vield 4.65
g 123C0, mp 161-63° {from PhH~Cgll),).  The material was re
vrvstallized once more froin PhH to fumish an sanalytieal snmple.
mp 162-164°.  Anal. <Cpli Ny C, 11, N,

2-i2-Thienylthio)acetonitrile (155). -{'nder Na and with eth-
cienl <tirring and ice cooling, a solition »f 38.14) g 10328 mole ) ot
2-thiophenethial® and St ml of DMF wnax treated portionwise
with 15,7 g /0.32% moley of 50¢,7 Nall i mineral oil.  After the
Nall had all rencied and the rempersinre was again m D¢, 257
@A)t moler of ebloroncetoniteile was added dimpwise over a pe-
viod vt t e with emtimens cooling and <irring. The mixtare
wis heated on o stesmm bath for 50 min, waad the more volmile
eompanents were then evaporaled ai approximately 1 nnn pres-
snre. The oily residne was taken np in I500OAe and washed with
twee portions ot Ho(o o After being dried (NaXOy), the organiy
layer wax filtered and concentrated nuder reduced pressarve.  The
rexidne wius fractmally distilled to furnish 153, vield 384 g
800 ), bp 72010 b, nel. o Cyl, NSy N

«=Methyl-2-thiophenepropionitrile, - «- Methyl-2-ihiophene-

propionamide® was treated with PO, in the manver deseribed by
Mowry and Batler®s 1o furnish after distillation a 3007 vield of
a-methyl-2-thinphenepropionitrile, bp 122-123° ) 1y, vapor
phase chromatography indiented 1007, powity: dr, 2250 ¢
The nitrile was nnot firther chivaer evized, and was nsed 1a prepare
12,

2-Methy!-1,3-propanediamine wiux prepared sceenvding t ibe
procedare of Strack and Schwaneberg. #

2,2-Dimethyl-1.3-propanediamine.---1 nder dvy Nannd with etli-
viem =tirring, a snspen=ion of 16.0 g 10,42 mole} of LA 0 100 1]
ol dry EtO was treated dropwise with a solntion of dimethyl-
malononitrile (47 g, 0.5 noleyin 100 ml of dry Et.0 at ach a rare
as to maintain a gentle refinx.  After the addition was compleie,
the mixture was <tirred at room temperatarve for 2 days. It wox
cooled 11 an ice bath, and treated dropwize with 8l of 110
Rurring was eontivned for 30 min, and o <olntion of 101} g of
NaOH and 250 ml of HaO was andded.  The mixtnre was heuted
tn bear boiling, and was filtered hot throngh a xintered-glass tnn-
nel.  The agnerms filirate was extracted enntinnonsly with EisO)
for 24 lr. "The extract was dried, filtered, and evaporated nt n re-
dneed prexsnre 1y fienish erade 2,2-dimethyl-1,3-propanediamie,
vield 5.5 g: vapor phase chromatography showed ihis material o)
be approximately 90, pire. The diamine was not character.zed
or preified firrher, and was n=ed divecily to prepare 35.

N-Allyl-1.3-propanediamine wa~ preparved by heating allyt
chloride in excess t3-propanediamine according lo the procednre
af Linsker and Fvaus." The prodnct had bp 174-176° (761
nnus The mweris]l was vl Drther characierized and was nsed
to prepare 43.

2-Thiophenebutyramide 1156, Z-Thiophenelmtyric  wad:
25,4 g, 0149 moler vas converted to the corresponding acil
chloride by the wetion oty COCL.. "The acid chloride was ponred
it NHOJL and she arvstallive prodieet was filtered.  Be-
ervstullizzuian trom =PrOH-ePr.0) afforded pore 156, mp S
470 trads (CLNOS) G LN

3-Methyl-2-thiophenecarboxaldehyde wa~ prepared from s-
werhylthiophene by 1the method of Greonwitz and coworkers,”
The prodnet cousisted of an 80220 mixinre of the 3- and 4-merhyt
romer=.®  are  S-methyl-2-thiophenecarboxaldehyvde  emc he
obtained by the w-temperainre reerystallization process de-
seribed below.

3-Ethyl-2-thiophenecarboxaldehyde was prepured trom 3-ethyl-
thiophene by the method of Gronawitz and coworkers.#  The
produe) consisred of o 3:2 mixtare of the 3- and 4-ethyl-2-thin-
phenecarhoxaldehyde.  The mixtare was nzed withont finther
purification or  charaeterization  to prepare  78.  Fractional
cry=tallization of 78 remmnved traces of the 4-Et isomer.

Isolation of Pure 3-Methyl-2-thiophenecarboxaldehyde.-- A
22-1. flusk equipped with a mechanical stirrer was charged with
6 kg of an 80:20 mixture of 3-methyl- and 4-1nethyl-2-thinphene-
carboxaldehyde and o 1. of EtQAc. Two gas dispersion tubes
were then immersed in the resulting <olntion, <o that the fritterl-

93 Wbl Nnetl and R DoSelivelrz, . A e Chene Soe., T8, 6316 1 14734,
(14 P Cagniant, Compt, Reved., 282, (34 11051).
s Lo Sivavk aned 11 Selhwaoebery, Ber. 8T, 30 (10345,
c1G: 1. Linsker aml R, Lo Bvans, J. e Chesn. See., 8T, 1581 (199451,
IV b FL Fleser aud R Go KNennelly, i/, BT, 16113 1034).
481 S Chronownz, P Moawes, V=B drefeldr, and R Hakavssan, 1o
Koawg, 1T, 165 0 106) %
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glass ends were cloxe to the bottom of the vessel, but apart from
each other. The other ends of the tibes were counected by
Tygon tubing to glass titbes which penetrated the mbber stopper
of a 12-1 filter flask. A valve to the atmosphere from the filter
flask was inchtded as a convenient device for breaking the vac-
unm.

Stirring wax initiated and the =olntion was cooled in a Dry
Ice-Me,CO bath. Crystalline 3-methyl-2-thiophenecarboxalde-
hyde formed; stirring was stopped when it was no longer prac-
ticable. When precipitation ceased, the remaining lignid phaxe
was drawn off by redncing the pressnre in the filter flask. The
vacinim was then broken, and the c¢ry~talline material in the
ronnd-bottom flask was allowed to melt. To the lignid aldehyde
was added 1 1. of fresh EtOAc. The new solution wax again
chilled with stirring, and when no more 3-methyl isomer erystal-
lized, the liqnid phase was drawn off.  This process was repeated
four more times to giwve finally 1787 g of material from which no
trace of the 4-methylisomer conld be detected by gas-liquid parti-
tion chromatography. The final melt was fractionally distilled
to remove traces of EtOAc¢ and sonme color, and to give 1670 g of
pure 3-methyl-2-thiopheunecarboxaldehyde as a clear pale yvellow
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oil: bp 95° (H mm), n®p 1.5859, mp —9.3° (uncor). The litera-
ture* valnes are bp 100-101° (15 mm), n2%p 1.5882,

By concentrating the combined filtrates and repeating the
process essentially as dexcribed above, additional pure 3-methyl
isomer was obtained: vield 1498 g.

4-Methyl-2-thiophenecarboxaldehyde was prepared according
to the method of Gronowitz and coworkerns.®  The produet so ob-
tained consisted of an 85:15 mixtnre of the 4-methyl and 3-methy'l
ixomer=.® The mixture of izomers was n=ed to prepare 112 which
was subsequently converted to 76. The numr spectrum of this
latter substance indicated that less than 3%7 of the 3-methyl
ixomer conld have been present.
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Anthelmintic activity has been discovered among some {rans-1-(2-arylvinyl)pyridininm salts which are stime-

turally analogois to lrans-1,4,5,6-tetrahydro-1-methyl-2-[2-(2-thienyl)vinyl]pyrimidine (pyrantel).
ture-activity relationships in this new series parallel very closely those found in the pyrantel gronp;
decreasing order of potency among vavions aryl systems is 2-thienyl > phenyl > 2-furyl;

The stne-
Z.¢., (1) the
(1) ortho substitilents

on the aryl molety are compatible with activity while substitnents elsewhere resnlt in the loss of activity or a

redilction in poteney;
aryvlethyl) analog;
substitiition of the pyridine ring by methyl at the 2

elsewhere on the pyridine ring vesilts in the loss of activity.
1-[2-(3-methyl-2-thienyl)vinylipyridiniim bromide (63),

are 1-[2-(2-thienyl)-vinyl]pyridinium bromide (62),
and 1-(2-methylstyryl)pyridininm 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-
seribe the structure-activity relationships in this clags
of compounds. Prom these relationships certain struc-
tural features appear to be necessary for activity: (i) a
positively charged unit, (ii) a simple aromatic svstem,
and (ii1) a two carbon atom chain 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 deseription and possess
useful biological properties.

One class of compounds= which meets these structural
criteria are the 1-(2-arylvinyl)pyridinium salts”® (see
119). On the basiz of gross similarity to pyrantel, 1-
[2-2-thienyl) vinvl]pyridinium 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. Lyneh, J. W. McFarland,
anl V. I Theodorides, Nature, 212, 1273 (1966).

t3} J[. W, McFarland, L. H. Conover, H. L, Howes, Jr., J. E. Lynch. D. R.
Chishiolm, W, C. Austin, R. L. Cornwell, J. C. Danilewicz, W, Courtney,
and D. H. Morgan, /. Men. Chem., 12, 1066 (1969), paper ! 1.

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

t5) ¢a) F. Krétinke. German Patent 682,255 (Oct 11,
Krabnke, [, Wolff, and G. lentsscly, Ber., 84, 309 11951).

6} L. (. King and W, B, Brownell, J. 4m. Clem. Soc.,

1939); (L) F.

72, 2507 11450}.

(iv) an a-methyl substitnent on the vinylene bridge results in the loss of activity;
position ix compatible with activity:

(1) a 1-(2-arylvinyl) componnd is generally more potent than the corresponding 1-(2-

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

- +
JCHO" Uk

pyrantel 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 was found to be equipotent to pyrantel
tartrate. Thix discovery 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 l-phenacyl-
pyridinium salts possess anthelmintic activity, In two
cases thix activity ix against dwart tapeworm (Hy-
menolepis nana), while in the other casex the activity is
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 synthesix and evaluation. By showing that
such a parallelism exigts we would be in a position to

(7) May and Baker Ltd., Netherlands Application 6,800,807 (Jan 19,
1968} tlus patent descrilies the anthelmintic activity of several compounds
mentioned in this ariicle. However, the present research was completed

hefore the release of that information [see Clias. Pfizer and C'u., Ine., Belgian
l'atent 700,556 (Dec 27, 1967} ].



