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Broad-spectrum anthelmintic activity ha,- been discovered in a novel serie,- of imidazolines and let rahydro-
pyrimidines substituted variously at the 2 positions by 2-arylethyl or 2-arylvinyl groups. One member of this 
series, //'a»s-l,4,.">,6-tetrahydro-l-methyl-2-(2-(2-thienyl )vinvl|pyrimidine tartrate (pyrantel tartrate, 71) has 
gained acceptance as a veterinary anthelmintic agent in many areas of the world. The decreasing order of po
tency for the various aryl systems is 2-thienyl > 3-thienvl > phenyl > 2-furyl. The arvlvinvl analog is usually 
more potent than the corresponding arylethyl compound, X-Methyl substitution on the cyclic amidine system 
invariably results in increased potency: substitution at almost any other position results in the loss of potency or 
of activity altogether. One notable exception is that certain siibstituents can be placed at the ortho position of 
the aryl system without detriment to anthelmintic activity, and in some cases enhanced potency is achieved. 
Thus, besides pyrantel, some of the more potent compounds in this series are /ro«,v-l,4,."i,tVtetrahydro-l-methyl-
2-[2-(.')-methyl-2-thienyl)vinyl]pyrimidine (74), //•««.«-1,4.."),(i-t et nihy dro-1-met hyl-2-(2-methylstyryl)pyri mi dine 
(84), fm«x-'2-(,2-bromostyryl)-l,4,."),6-1etrahydi'o-l-methylpyrimidiiie (97 !. and //vi«s-2-(2-chlorostyryl )-l .4,."j,fi
let ra hydro-1-met hylpyri mi dine (93). 

A now class of anthelmintic agents has been discov
ered. An outstanding; member is iranis-l, 4..">,fi
let rahydro-1-methy 1-2 -[2 -(2-thienyl) vinyl Jpyrimidine 
(pyrantel.3 71) which is effective in eliminating many 
of the various nematodes which infest mice, rats, dogs, 
horses, sheep, cattle, swine, and man. 

CH, 

H 

71 1 

Karlier work in our laboratories4"'" had shown that in 
mice the isothiuronium salt 1 possesses anthelmintic 
activity against the nematode Neniatospiroides dubius. 
one of the principal organisms of our primary screen. 
However, when administered orally to sheep, 1 shows 
little activity. This behavior probably follows from 
the t ad that 1 readily hydrolyzes to the inactive prod
ucts 2-thenylthiol and 2-imidazolidone. 

H H 

4 157 

> \ 
CHX'H,— f (CH,)„ 

II 
8, ?! = 2 

10. n = 3 

Certain simple analogs of 1. as for example 4 and 157, 
are inactive against N. dubius. The detection of ac
tivity in compounds 8 and 10. however, led to the rapid 
discovery of many new active anthelmintic agents. 

( 1 : Paper 1 of t.ids series: W. ( ' . Aust in , W. C o u r t n e y . J. C. Dani iewiez, 
]) . H. Mur ium, R. L. C'ornwell. L. H. C'onover. H. L. Howes . Jr . , J, E. Lyn rh . 
.1. W. M c F a r l a m l , and V. J. Theodor ides , Xattn-e, 212, 1273 (1«6«;. 

(2) To whom inquir ies should be addressed . 
Ui; P y r a n t e l , B a n m i n t h " . 
' I .1. P.. I..\ nidi and H. Xelsun, ./, /••irn.-ilnl.. 45, <>">!) I Ulo',0 
i.o.i Seea l so W, .1. Parriniit on. .liirf. ./. ('hem.. 17, 2:{() I U H H ' . 

Chemistry. The procedures used to prepare; various 
cyclic amidines were adopted from a wide selection al
ready reported in the literature. For our purposes the 
most useful methods were (i) the reaction of a diamine 
with an imidate salt, (ii) the reaction of nitriles with 
diamines catalyzed by HFS.^and (iii) the condensation 
of nitriles, diamines, and toluenesulfonic acid tit high 
temperatures." 

The imidate salts used in method i were conveniently 
prepared either by the action of dry HC1 upon an ether 
solution of a nitrile and an alcohol (the Pinner syn
thesis) or by the reaction of 1,3-propane sultone upon 
an amide at elevated temperatures according to the 
method of Kied and Schmidt.9 In many instances a.ii-
unsaturated nitriles tended to react sluggishly or not at 
all in the Pinner synthesis; therefore, the Kied Schmidt 
method was a useful complementary technique, al
though the yields of desired products tended to be 
rather low. 

Method ii was particularly useful for preparing large 
amounts of certain cyclic amidines, but its scope was 
somewhat limited because a,/j-unsat united nitriles 
could not be employed. The addition of FFS to the 
conjugated double bond of the starting nitrile, and pos
sibly also to some of the initially formed products led to 
complex reaction mixtures from which little, if any, of 
the desired product could be isolated. 

Fven more restricted was method iii. It was found 
that when either a.rf-unsaf united nitriles or X-sub-
stituted diamines were the reactants. the yields were 
unsatisfactory. Nevertheless, at various stages of the 
synthetic program each of these methods was used to 
advantage. 

Although the synthesis of 2-thiophenepropionitrile 
(.124) had -already been described by Cagniant and co
workers.10 there arose a need for a more convenient 
preparation of this key intermediate. Cagniant, et al.. 
employed a multistep sequence using 2-thienyhnag-

Uij 11. Isler, l ' . S. Pa ten t 2,ol)o,217 i Plod) . 
:7i A. Marxe r . ./. Am. 1'1,,-m. So.•.. 79, 4b'7 (Ui57>. 
oS P. Oxiey anil W. 11. Siiorl , ,/. Chem. Hoc. 41)7 : 1H-17,. 
!U Vi . Hied and P . SHimidt . 1 , , . . . . 676, 114 ( litfit). 
1(1! P. C a i n n a n l . I). Ctutnianl . and A, 1 )eliizarc!ie. Hull. S<„ . rl.h,,. 

Fni,..; , |()S:i I 1!U8>. 
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nesium 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 5% Pd-C 
catalyst were employed, 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 Thompson11 observed 
that 2-thiopheneacrylic acid can be reduced by H2 over 
10% Pd-C catalyst to furnish 2-thiophenepropionic 
acid in 80% yield. In the past thiopheueacrylic acids 
have been more generally reduced by agents such as 
XaHg12'13 and Na-Pb alloy.11 Apparently some thio-
phene compounds are far more stable to certain cat
alytic hydrogenation conditions than would be expected 
normally.14 

As obtained from the reaction of cyanoacetic 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 Ja^ 
and the chemical shifts for the a-protons of the isomeric 
nitriles are diagnostic. The doublet for the a-proton 

CN 

CN f^ 

S = 5.6 ppm 

JaP = 16.4 cps 

& = 5.2 ppm 

Jaf3 = 11.8 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 
assigned the cis configuration, while the major compo
nent the trans.15 

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 trans isomer was isolated. 
The Jaff for the imidate salt was 1.5.5 cps and no absorp
tion peaks were found which could have been attributed 
to the presence of the cis isomer. Xo doubt strong re
pulsive nonbonded 1,3 interactions of the type illus
trated below play an important role in determining this 
stereoselectivity.16 

The Pinner reaction of )3-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) .1. Sam and A. C. Thompson, J. Pharm. Sci., 52, 898 (1963). 
(12) G. Bargerand A. P. T. Easson, J. Chem. Soc. 2100 (1938). 
(13) M. L. Mihailovio and M. Tot, J. Org. Chem., 22, 652 (1957). 
(14) H. D. Hartough, "Thiophene and Its Derivatives," Interscience 

Publishers, Inc., New York, N. Y., 1952, p 167 ff. 
(1,5) L. M. Jackman, "Nuclear Magnetic Resonance Spectroscopy," 

Pergamon Press, New York, N. Y., 1959, p 82 ff. 
(16) A similar observation on the chemistry of cinnamonitriles has been 

made by M. Harfenist and A. P. Phillips, J. Am. Chem. Soc, 80, 6261 (1958). 

> 
Ar 

= C w 
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 Et30+BF4~ 
on 143 and on /3-methyl-2-thiopheneacrylamide (141). 
These latter imidates were converted to the corre
sponding tetrahydropyrimidines 144 and 142 (see Table 

CONE, 

143, R« = CE3; RS = H 

141, R« = E; R^=CH : i 

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. 

'ompd 
no. 

71 

74 

142 

144 

139 

R» 

H 

CH3 

H 

H 

H 

Uv 

/ 

R<3 

H 

H 

CHa 

H 

H 

TABLE I 

SPKCTRA IN H 2 0 

y R s R Ri 

R a Rl Xmax, m^ 

H CH3 312 

H CHa 318 

H CHa 292 

CHa CHa 287 

CH2-CH2 318 

Log 
f 

4.27 

4.26 

4.10 

4.24 

4.38 

MED," 
mg/kg 

7 

3 

30 

>1.30 

>86 

" Based on per cent uf active material (free base) present. 

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 
//•ans-2-thiopheneacrylonitrile, and agrees poorly with 
that of the cis nitrile. Further 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, it is assigned the cis config
uration. Similar results were obtained with the Irons 
cis pairs 74/75 and 89/90. 

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



lOli.s M ( T ' . \ H L A \ ' I > , el ill. Vol. 12 

15 = 6.47 ppm 
•I*t = 15.7 cps 

72 piiotoisomer 

i>= (102 ppm 
-/„fl = 12.5 cps 

J 

employing imidate salts as intermediates. Because 
some of the more highly potent compounds are found in 
this sub group, alternate synthetic methods wore sought-. 

A line of investigation that proved particularly 
fruitful was based on Kuhn and Drawert 's observation17 

that 2-methylthiazoline condenses readily with aro
matic aldehydes to furnish 2-(2-arylvinyl)-2-lhiazolines: 
such reactions are catalyzed by piperidine or piperidinc 
acetate. Similar condensations are known to occur be
tween aldehydes and aamiutic heterocycles such as 2-
picoline, 4-picoline, and 2-met hylt hiazolc. but Kuhn 

AK'HO + CH:,—<( 

ArCH=CH—<f J + H,0 

and Drawer! speculated that for heterocyclic ring sys
tems containing X and S. the presence of one double 
bond was sufficient to activate a neighboring CH:1.

17 

It. appeared that perhaps this principle could also be 
applied to other nonaromatic heterocyclic systems, in 
particular to l,2-dimethyl-2-imidazoline and 1.4,.").(>-
tetrahydro-1.2 dimethylpyrimidine. Both of these 
compounds were prepared, and it was discovered that 
each reacted with aromatic aldehydes to produce var
ious 2-(2-arylvinyl) cyclic amidines (see Tables XXI 
and X X I I . compounds by method .!). 

H 

Ai—CHO + C'H,—<? f(.'H.)„ —* 

CH 

/ N X 
A i — C H = C H — < (CH. 

XN'-" 
CH 

+ HO 

Because the cyclic amidines are such strong bases 
themselves it was found unnecessary to use basic cat
alysts such as piperidine. Indeed, the zwitterion indi
cated above is the most probable reactive species. 
I'Mnlly, a solution of the 1,2-dimethyl cyclic amidine. 
l he aldehyde, and a solvent such as benzene or toluene 
is healed under reHux. and as the reaction proceeds 
IBO is removed front the mixture by means of a mois
ture trap. These conditions are quite satisfactory for 
small-scale preparations, e.g., 0.1 mole, but it was found 
that as the size of the reaction mixture increases, the 
yield of desired product decreases. The problem 
seems to be that , in the larger preparations, HaO is not 
removed rapidly enough from the reaction mixture to 
avoid its subsequent interaction with various cyclic 

17. It. Kuhn ami V. Dmwfi-I. . 1 / ' . . . . 590, 7,7, i I!)')! i. 

amidines. It has been shown by Harnsberger and 
Rich-somer1* that l,2-dialkyl-2-imidazolines are rapidly 
hydrolyzcd under strongly basic conditions, and it has 
been demonstrated in these laboratories that the cyclic 
amidines 21 and 37 also are hydrolyzed rapidly in tin' 
presence of \\,() to the corresponding amides.1" The 
strongly basic amidines will generate a sufficiently high 
OH concentration in the presence of H2() to catalyze 
their own hydrolysis. Harnsberger and Uiebsomcr1'' 
noted that 2-imidazolines are quite stable in aqueous 
solution below pH 7. h'rom our own experience I his ob-
servation applies equally well to totrahydropyrimidines. 

The problem of hydrolysis during condensation was 
overcome by employing the following two-step se
quence: (i) an aldehyde and a 1,2-dimethyl cyclic 
amidine were allowed to react under mild conditions in 
an apj'otic solvent or without solvent to furnish an 
aldol type adduct. and (ii) the aldol was then heated in 
the presence of an acid catalyst to effect the elimina-

H. 

Ai CHO + CH (CH 

CH 

Ai—CHOHCH. ^N">H...,. 

CH 

lion of water. By breaking the condensation into these 
steps, exposure of cyclic amidine to H^O under basic 
conditions is avoided. A number of variations on this 
theme are described in the Kxperimental Section. 
Table X X I I I summarizes the physical properties and 
analytical data of the various adducts which were iso
lated in the course of this work. Another solution to 
the problem was found, when it was discovered that the 
presence of methyl or ethyl formate in the reaction mix
ture will suppress the hydrolysis of the amidine ring 
(see second example of method J in the Kxperimental 
Section). 

Biological Evaluation. Compounds were tested in 
mice for anthelmintic activity against experimentally 
induced infections of the intestinal round worm .V. 
ihibiux.*'-"•-' Although only the results of the A". 
ilubiu.s test are used to establish the structure-activity 
relationships in the present work, selected compounds 
have been examined for activity against a large number 
of nematode species in several hosts including dogs 
horses, swine, sheep, cattle, and man. The results ol 
these studies have been published elsewhere.'-'1--2 

in. ./. H,Un„Ncl. ('. ISi I',. (I. Harusheruer mi.I -I 

iss i mots. 

(20) () . 1). S t a n d e n • 'Kxperi inental C *hemo( l ie rapy ." Vol. I. Ii. .1. Si-h 
lulzer and !•'. I lnwkinii . Kd.. Academic Press, New Vork. N. V.. IW(i:i. ] 
701 ff. 

i 21) II. I.. Howes. Jr . . and J. I-'.. Lynch, ./. I'ura.ntol.. 63. 1085 ( llltiTi. 
(22) (a, l i . I., Cornwell , I H. Hrruni. 79, 7)90 (lMhti); (In H. I.. C o m u e l ! 

J. Berry. T. ('. Liiilit, 1-',. A. Mercer , and (1. Phillip*. Mil., 79, (>2li (lOIKii 
ii-; K. L. Cornwel l . J. Merry. '1'. C. I.itdit. K. A. Mercer . G. Phil l ips, ami I)« A 
Pullen. ihvl.. 79, 72U (1W66;: nil R. I.. Cornwel l . R. M. Jones , ,1. H e r n . T 
J o r d a n , E. A. Mercer D. A Piilleil. and (.'. J. Riley, ibid.. 80, 434 IliltiT, 
ie) R, I. Cormvell . R M J o n e s .1. Reiry, T. J o r d a n . K. A. Ueroei 1) \ 
Pullen. and < '. .1. Rile.v , .(,;./.. 80, liTfi i I»li7>: If) R. I.. Cornwell and l i . \ l 
Jones, ihul., 82, ISli 7,X7, t lm lS i ; '« J.--P. R a y n a u d , llrr. Mnl. Yrt.. 119 
ll.->. 2 111 HlfiSi ' In '1'. I-:. Oihsoti and .1. W. i 'arfitt , Hnt. Yet. . / . . 124, li! 
- IlKiS): in R. I.. Cornwel and R. M. Jones . ./. Trop. Mnl. Mm,. 7 1 , Hi: 

HKiSi; i j ; I), P. Conwax . unpubl i shed resnhs . 
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The rat nematode Nippostronyylus muris proved to 
be less sensitive than N. dubius to drugs in the pyrantel 
class. This observation was particularly useful in the 
secondary evaluation of the active compounds discov
ered in the primary screen. In general, the activity 
against N. muris correlated fairly well to that observed 
against the more drug-resistant nematodes of sheep. 

The minimum effective dose (MED) of each com
pound reported in Tables I -XXIII is considered to be 
the lowest dose which will reduce the average Ar. dubius 
worm burden by at least 90% when administered to a 
group of four to six infected male mice. The different 
substances were dissolved or suspended in either peanut 
oil or 1% 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. Initially 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.4-"'21 

TABLE II 

A r X - ^ 

H 

Ar 

2-C4H3S 
3-CH3-2-C4H,S 

2-C4H30 

-CH2CH2-

100 
105 

>200 
100 

-MED, mg/kg»-
X 

iI>c=c<" 
>60 

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

TABLE III 

ArX' 

Ar 

2-C4H3S 
3-CH3-2-C4H28 
C.Hr, 
2-CH3C6H4 

2-0,11,0 

- C H . C H r 

100 

-MED, mg/kg" 
X 

>150 

>S3 

H > C = C < " 

31 
106 

>154 
>106 

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

TABLE IV 

A r X — / 

V 
CH3 

-MED, mg/kg" 
X 

Ar 

2-C,H3S 
3-CH ; l-2-C,n,S 
2-CH3C8H4 

2-04H30 

-CHiCHr 

25 
a>c=c<a 

26 
21 
30 

>206 

TABLE V 

A r X — ( > 

CH, 

Ar 

2-C4H3S 
3-CH3-2-C4H2S 
C.H, 
2-CH3C6H4 

2-C4H30 
" Based on per cent of active material (free base) present. 

MED, 

-CHiCHi-

25 
38 

MOO 
>75 

mg 
-X— 

/kg" 

H>c=c< 
7 
3 

20 
4 

62 

TABLE VI 

ArCH,CH. (CH2)„ 
ISK 

H 

2-C4H3S 

3-CH3-2-C4H2S 
C6H,-, 
2-C4H30 

100 
105 

>200 
>100 

—MED, mg/kg" 
2 n = :i 

100 

>150 
>83 

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

TABLE M I 

ArCH 2CH 2-^(CH 2)„ 

CH3 

Ar 

2-C„H3S 
3-CH3-2-C4H2N 
C6H5 

2-CH3C6H4 

25 

- M E D , mg/kg" 

2 n = 3 

25 
38 

>100 
>75 

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

TABLE VIII 

ArCH=CH—<? (CH2)„ 

H 

Ar 

2-C4H3S 
3-CH3-2-C4H2S 
C6H.-, 
2-CH3C6H4 

, MED, mg, kg" 
n = 2 ,1 = :) 

>60 31 
>106 
>154 
>106 

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

TABLE IX 

ArCH=CH—<f (CH2)„ 

CH3 

MED, mg/kg" 
2 n - :i 

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

Ar 

2-C4H3S 26 7 
3-CH3-2-C4H2S 21 3 
C6H.-, 20 
2-Cli3C6H4 36 4 
2-C4H30 >206 62 

" Based on per cent of active material (free base) present. 
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T A B L E X 

ArCH,CH; -o 
Ar 

2-C4II;,S 

3-CII3-2-C4H2S 
CBH, 
2-0 4 H 3 O 

'N' 

.MED, ijits. kir" 
U = H R = C H 

100 2.") 
10.") 25 

>200 
>10O 

" Based on percent of active material (free base; pre.senl. 

TABLE XI 

ArCH2CH2—( 

2-C4H3S 
;!-( 'H3-2-C4I 
C 6 H , 
2-C;M3C6H, 

2-C4H3() 

R 
M E I ) . ins k i t " - - • 

H = 1! R = C H , 

100 25 
.'is 

>150 >10(l 

>s:j 

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

TABLE XII 

ArCH=CH—<f J 
N-

N " 

R 

•- .MEI) . i j iK/ks" 
Ar H = H R = C I U 

2-C,H3S >(>() 2<i 
:i-CH3-2-C4H2S 21 
2 - ( ; H 3 C J I 4 :IO 

2-C4H3() >20(i 

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

Ar 

2-C4H3S 
M-CH:r2-C. 
C6H., 
2-CH3C6IF 
2-CJJ30 

1 

T 

ArCH= 

,s 

' A B L E 

= C H 

X l l l 

R 

K = H 

:;i 

> 1 0 6 

> 154 

>!( ) (> 

> 

ME D. mg;kn" 
R = CH 

7 
o 

2(1 

4 

02 

" Based on per cent of ac t ive mate r ia l (free base) present . 

Structure Activity Relationships. For purposes of 
discussion, all compounds which reduce the N. dubius 
worm burden in a mouse by > 9 0 % are considered to be 
active; to differentiate these compounds further a com
parison of their relative potencies {i.e.. their minimum 
effective doses or AIED's) is made. Inactive com
pounds are considered to be those which exhibit no ac
tivity at subtoxic doses. 

In discussing the structure-act ivi ty relationships in 
this series of compounds, it is convenient to consider 

T A B L E XIV 

T u t KKI-'I.OI UK AKOMA n o S r HS'IITC 

CH, 

) \ UN I1. 

M E I ) . ' 
IDS ki; 

1 'nsnbs t i t i i t ed 

2s 

(i 

i; 

~)~t 

> i : i o 

> 7 0 

>(>2 

>12(i 

X i l 

:io 

0.01 

0 .50 

o 75 
0 t)2 

- 0 51 

- o :!:; 

- 0 25 

107 

Xi l 
>70 

71 2-C4H3S 7 
s2 C6H„ 20 II 00 

los 2-04H:lO 112 
orlho 74 :!-CH;r2-C4lI2S :i 

7s :;-C2H.-,-2-('4H,^ 17 
70 :i-Br-2-C4H2S Hi 
S4 2-CH:,C»H4 1 I Mis 
ss 2-CTl;,C,;H4 5ii I 22 
so 2-FC:„lI4 

o;: 2-ClCTi, 
07 2-BrC,JI4 

0s 2 - K ' J F 
00 2-nocai. 

101 2-CH ; i<X ,
6H, 

105 2 -C , I l , , 0 (5H 4 

104 2-(5H:<>('BH, 
105 2 - C 4 H , O C 6 I b 
I or, 2 - N ( ) 2 ( \ H 4 

100 : ! - ( 'H 3 -2-( ,
4 l IA) 

nu-tti 70 4-( 'H: , -2-( ' , ILS 
s5 ;;-CH3(V,H4 

01 :j-F(V.II, 
04 ; i - ( ' lC a l l , 

102 5-(T[;,()('6II< 
1(17 :'>-N()2C„II4 >217 

ixini 77 5-CII5-2-('4H,.S > 1.5(1 
S() l - C I U ' r I F >207 
02 4-FCH,, > 1.50 
05 4-('K'\,IL > 1.5.5 

100 4-H()( '„I l 4 > 1 4 5 
\)\-nrllio s7 2,()-(('lls;2(',;ll, >151 

00, 2,()-('l,(',1II,: X14 

"Based on per cent of active material (free ba-e > present. 
'• T. Fujita, .1 Iwasa, ami (". Hanscli. ./. Ant. ('lion. Soc, 8fi, 
5175 (1004); phenoxyacetic acid -cries employed. ' Plienyl-
acetic acid series 

separately the three major structural elements: (ii 
the aromatic ring, (ii) the cyclic amidine portion, and 
(iii) the chain of atoms or link connecting the two ring 
systems. .Statements can be made concerning require
ment.- for activity in each of these units, but there are 
subtle interactions between the systems which interfere 
with ready predictions of relative potencies in many in
stances. 

The Link.- As was indicated at the beginning of this 
paper the active isothittronium salt 1 readily hydrolyzes 
to 2-thenylthiol and 2-imidazolidone. To circumvent 
this difficulty, compounds resembling 1 in structure, 
but possessing greatei chemical stability in the link, 
were prepared and tested. Neither of the isosteres 
4 and 6, is active. 

SCH; -0 CH,NH-
) 

In due course, however, a stable linkage compatible 
with activity was discovered. Thi - link was ethylene 
( CH.jCH-, ) and 8 and 10 are representative active 
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TABLE XV 

f (CH2)„ 

H 

No. 

1" 
21' 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 

" 11. 

X 
h CH«S 

C H i S 
CH2S 
S C H i 
SCH2 
C H . N H 
CH2CH2 
CH2CH2 
CH2CH2 
CH2CH2 
CH2CH2 
C H i C H ( C H a ) 

E. Kent, U. 1 
used in this column 
found, 14.9. ' N : 

tt 

2 
3 
4 
2 

3 
2 

2 
2 

3 
3 
4 
3 

S. Patent 2,95i 
are 
calt 

explained 

Sal t 

HC1 
HC1 
HC1 
HC1 
H O 
H I 
Base 
HC1 
Base 
HC1 
T s O H 
H C 1 

P re -
p a r a -
t ive 

method^ 

A l 
A l 
A l 
B l 
B l 
CI 
B3 
B l 
B3 
B l 
D l 
t i l 

6,923 (1960). * W 

M p , °C 

173-175 dec 
160-162 dec 
158-159 
147-149 
112-114 
120-122 
99-101 

142-144 
94-96 

171-172 
180-182 
156-157 

. H. Hensley 

R e c r y s t n solvent 

M e O H - i ' - P r O H 
i - P r O H 
M e C N 
M e O H - M e s C O 
M e O H - M e s C O 
E t O H - E t s O 
M e s C O - C e H u 
V-PrOH-Et iO 
P h H - C s H u 
M e C N 
M e O H - M e i C O 

1 - P r O H - E t 2 0 

and J. A. Lambrech, 
at the beginning of the Experimental Section. d X: 

•d, 12.1; found, 12.8. 

F o r m u l a 

C S H , I C 1 N 2 S 2 

C9H13CIN2S2 
C10H15CIN2S2 
C8H11CIN2S2 
C.HuClNstf . 
CsHr. INjS 
C i H u N s S 
CsHiaClNiS 
C10H14N2S 
CioHuClNnS 
C18H24N2O3S2 
Ci iH , 7 ClN.S 

Analyses 

C, H, N 
C, H , X 
C, H, X 
C, H X 
C. H ; N d 

C, H , N 
C, H : N e 

C, H, N 
C, H. N 
C, H ; N-f 

C, H, N 
C, H, X 

U. S. Patent 3,186,990 (1965; 
calcd, 11.3; foi ind, 10.8. ' 

M E D , 
m g / k g 

25 
100 

> 1 0 0 
> 3 5 0 
> 2 0 0 

250 

too 
100 
100 
100 

> 1 0 0 
> 2 5 0 

1. ' The sy 
X: calcd 

D a y s 
g iven 

3 
3 
3 
3 

;; 
i\ 

3 
3 
3 
3 
3 
3 

•mbols 
, 15.5 

TABLE XVI 

V (CHsW—< (CH.2)„ 

H 

No. 

13 
14 
15 
16" 
17 
18 

« L. P. Kyrides [U. S. Patent 2,457,047 (1948)] reported the synthesis of the free base, 
plained at the beginning of the Experimental Section. 

m 

0 
0 
0 
1 
1 
3 

n 

2 
3 
4 
2 
3 
3 

Salt 

TsOH 
Base 
TsOH 
Maleic 
Maleic 
HC1 

P r e p a r a 
t i ve 

m e t h o d " 

Dl 
1)3 
1)1 
B4 
B4 
Bl 

M p . ° C 

188-191 
183-185 
165-168 
136-138 
127-128 
138-139 

R e c r y s t n so lvent 

MeOH-?-PrOH 
MeOH-Me2CO 
j'-PrOH 
j-PrOH 
j-PrOH 
?-PrOH-Et20 

F o r m u l a 

C14H,6X203S2 

CsHi0X2S 
CigH2U^l203O2 

C12H14N204S 
CI3H,9NaOiS 
C„H17C1N2S 

Analyses 

C, H, X 
C, H, N 
C, H, X 
C, H, X 
C, H, X 
C, H, X 

M E D . 
m g / k g 

>100 
MOO 
>100 
>500 
>500 
>250 

D a y s 
given 

3 
3 
3 
3 
3 
3 

b The symbols nsed in this column are ex-

TABLE XVII 

cx 
CHoCHf 

N - i R 

x ,S~^ 

N o . 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
.30 
31 
32 

R i 

H 
H 
C H i 
C H s 
C H i 
C J H S 

C S H I 

i -CjH-
1-C.H7 
CiHs 
C10H11 
C H 2 C H = C H 2 
C«HS 

CH2CH2OH 

R . 

4-CHs 
4-CHa 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

Ra 

H 
4-CHa 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

Sal t 

Base 
Male ic 
Base 
T a r t a r i c 
C M • H>0 
Base 
Base 
Base 
Citr ic 
Base 
Base 
HC1 
Base 
Base 

P r e p a r a 
t ive 

m e t h o d " 

B3 
B2 
B3 
B4 
B4 
B3 
B.3 
B3 
B4 
B3 
B.3 
B l 
B3 
B3 

M p or bp 
( m m ) , °C 

141 (1 .3 ) 
117-118 
114 (0 .7 ) 
167-169 
169-171 
116 (0 .2 ) 
104 (0 .1) 
104 (0 .1 ) 
104-106 
156 (2) 
178 (0 .005) 
124-126 
156 (0 .15) 
184 (0 .5) 

R e c r y s t n solvent 
or n2 4u 

1.5611 
MesCO 

b 
E t O H 
1.5511 
1.5430 
1.5435 
M e O H - l - P r O H 
1.5358 
1.5109 
i - P r O H - E t s O 
1.6100 

F o r m u l a 

C10H14N2S 
C1SH20N2O1S 
C I O H H N S S 

C K H M N S O . S 

C i i H u I N i O S 
C11H1.N2S 
C12H18N2S 
C12H18N2S 
C18H26N2O7S 
C18H20N2S 
C19H32N2S 
C12H1-C1N2S 
C u H u N s S 
C11H16N2OS 

Analyses 

C, H, N 
C. H, N 
H, N ; Ce 

N 
C, H, N 
C, H, N 
C, H , N 
C, H ; N d 

C, H , X 
C, H, N 
C, H, N 
C, H , X 
C, H, X 
C, H, N 

M E D , 
m g / k g 

> 2 5 0 
> 2 0 0 

25 
50 

> 2 5 0 
> 1 0 0 

> 6 2 . 5 
> 1 2 5 
> 1 0 0 
> 2 5 0 
> 1 0 0 
> 1 0 0 
> 2 5 0 
> 1 2 5 

D a y s 
given 

3 
3 
1 
1 
3 
3 
3 
2 
3 
1 
3 
3 
1 
3 

" The symbols used in this column are explained at the beginning of the Experimental Section, 
under cold MeOH. ' C: calcd, 61.8; found, 61.1. <*X: calcd, 12.6; found, 12.1. 

6 Precipitated from Me2CO; triturated 

compounds. Shortening the chain to methylene or 
lengthening it to trimethylene leads to a reduction of 
activity (see Table XVI). Later, <rans-vinylene 
( -CH=CH-) was also found to be compatible with ac
tivity, and indeed some of the most potent compounds 
in this series possess this linkage (see Tables XXI and 

XXII). In fact, the data of Tables III and V suggest 
that fraws-vinylene is superior to ( C H ^ as a connecting 
chain where the amidine system is tetrahydropyrim-
idine. However, no such special effect is observed 
among the imidazolines of Tables II and IV. The cis 
isomers are always less potent that the corresponding 
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T v m . K X V I I I 

S / ^ C H 2 C H 2 - ^ N J C R J 

Prepara
t ive Mp m- li|i Keen s tn solvent M i l l ) . 

N"(i. Hi K: H;I SHII met!,,»!' ' unti l) , "C or»- ' ' i . I- ,„•,„,, |., ,\iuilv»p.- mt- 'ki i 

33 II t - C H i 11 Hasp 1(3 122 i() 05) I 5HHI CilI: , ,N,.S ( ' , II. \ >2.->0 
34 II . i -CHi H HOI P,l 174 1711 , -P rOl l K t , 0 (',, l l l 7( - | \ : S II, \ ; ( " ' > 2 5 0 
35 II , i -CH, 5-CIP, S S . \ " l',2 225 227 KtOH <' .,1 I , M N , 0 « S , ( ' II. N > 200 
30 H 5-011 II IK'S H! l:il l:(2 M e O H C „ l [ „ n . \ . O S C. II, X > 5 0 0 
37 C H j H II Base H:i 130 {0.17,! 1 ,7)648 ( ' . . H u X - s C. II, N 27, 
38 C H i H 11 T a r t a r i c HI 110 142 , C I S H » N M O , ; S X 7>(l 

39 CH;, H 11 CHjI HI 104 100 i -PrOIl Ci .He . IX-S ( ' . II, X > 2 0 0 
40 C I H I H H Citric K2 102-100 M t - C O ( V H S I A I O S X > 200 
H C J H T H H Citric E2 SI0--H3 Me-CO C I , , H J , N » O T S X > 200 
42 i-CjHv H H Base B3 1 2 3 ( 0 2) 1 5484 CnlFoNjS II, N ; C"' > 1 2 5 
V.i C H r = C H C H ; 11 H HC1 HI 101-163 i - P r O H - K l i O <.'uHiB(TN:S C, H . N > 1 0 0 
14 C'tHjCHa H H HC1 Ml 154-150 . - P r O I l - E t - 0 C ; I F , C 1 N . S (', H . N >27>0 

" SSA = sulfosalicylic acid. '' The symbols used in this column are explained a1 the beginning of the Experimental Sectioi 
cipitatedfrom Me.CO Et2(): triturated under cold MeOIl. ' ' ( ' : i-.-ilcd. .">:!.<): found, 54.5. • ( ' : calcd, 6(1.1 : found, (i4.1). 

TABI.K XIX 

'K.J ArCH2CH r 

I 
R 

Prepar
a t ive Mp Of K f.'t > SI II MlKelll M K I ) . 1)U.\: 

Nn. Ar H Sail method ' ' li]> ( m m ) . °<' or ;,- 'i> Formula Analyses nm k t givei 

4.) 3-CH3-2-C4FT2S FI Base B.3 130(0,2) 1.5732 C,11H,4X,S I t , X ; ( . F 
4<> 3-CH3-2-C4H2S H HC1 B4 149-l.il /-PK)H-IPK (',„H,,C1X2S (', H, X 12.) 1 
47 3-CH3-2-C4H,S CH:, HC1 B4 143-144 Me2CO e,,FT,701X2S C, IT, X 30 I 
48" C6H,, FT Base 1)3 106-lOs PhH-C:„H,4 t 'uH l 4X2 (.', IT, X >200 :i 
49 2-C4H,0 II Base 1)3 105-107 EtOAc C;,H,,N-,(> (', FT, X >ll)0 3 
.)() 1-Pyrrolyl II TsOH 1)1 134-13.) M e O H - . M r f O ( ^ F ^ N s O ^ C, II, X >250 3 
" M. Hartmann and IT. Isler, Arch. Expll. J'alhol. Pharmacol., 192, 141 (1939): these authors reporl mp 103 104°. ' 'The symbo 

used in this column are explained at. the beginning of the Experiment ill Section. ' C: en led, (>1.8: found, til. 1. 

TABI.K XX 

X 

N 

Prepara -
M p or l,p Kee iysu i solvent 
( m m ) , °C or //"'n Funmi la 

' i - l l i ! ,FN-PS 
)i : ,HnHr( ' lN,S 
YjILi.N, 
' •• .•HITCIN 

V H „ N , 
' M H I I F B X J P 

' I H H I S C I N I O 

' | . 1 F J N S 0 : ; S 

•f,ll-;»N»0:.S 
' i .H-NiOsS 
•|«H>4X<0-
' i i l l i .XnOiS 
':,Hi,.F,iN,P 
'i„H:iF,N,.I» 

" (1. S. Skinner and P. H. Wunz \J. Am. Chem. Soc, 73, 3814 (1951)] report mp 107-109°. ' 'The symbols used in this column are 
explained at the beginning of the Experimental Section. " C : calcd, 38.S: found, 38.2. ' 'X': calcd. 13.4: found, 13.9. 

trans compounds (see Table XXII, compound pairs tricyclic compound 139, a planar analog of 144, is also 
71'72, 74/75, 89/90). inactive. There does not appear to be any obvious re-

The uv spectra of 142, 144, and 139 have been dis- lationship between the planarity of a molecule and its 
cussed in the Chemistry Section (see Table I) : the a- biological activity. The cyclopropane derivatives 145 
methyl isomer 144 is inactive, while the /3-methyl com- and 146, analogs of //wf.s-vinylene compounds, were also 
pound 142 is active but less potent than pyrantel. The prepared, but they were found to be inactive. In the 

No. 

7,1 
52 
7)3" 
54 
7,5 
5(1 
7,7 
58 
5!) 
(id 
01 
02 
03 
04 

Ar 

:i-CH>-2-C',H.S 
4-Br-2-C4H.,S 

CerU 
CoHs 
CsHs 
2-CH:,CsH ( 

2-CiHjO 
2-Pyr idyl 
1-Pyrrolyl 
I -Pyrazolyl 
1-Pyrazolyl 
2-Thiazolyl 
C'sHi 
«-C:,Hv 

R 

CH:, 
11 
II 
H 
C H J 

CH;, 
11 
H 
II 
11 
CH;, 
CH:, 
C H j 
C H J 

Salt 

HPF„ 
HC1 
Base 
HC1 
Base 
HPF, , 
HCI 
TsOH 
TsOH 
TaO 11 
Citr ic 
F n m a r i c 
HPKi. 
HPF« 

l ive 
inetlio<l'' 

IS! 
1(1 
1)3 
1(1 
1(3 
1(2 
HI 
1)1 
1)1 
1)1 
K2 
K2 
F.5 
i-:5 

M p or l,p 
(mm) °C 

110-118 
104-107, 
105-100 
188-15)0 
100 I O . l t d 

141 142 
105-107 
112-113 
140-151 
153-155 
148-150 
125-12(5 

84 -85 
73-74 

of / | " ' | 1 

t -P rOl l 
i -P rOH -Kt=0 
I'-PrOH -t'-l'i-jO 
i ' -PrOH-Kt- ;0 
1,5552 
KtOH 
/ - P r O H i-Pf,-<) 
M <••;('() 

i -PrOI l 
KtOH 
KtOH 
KtOH Fit.O 
H-,0 
H : 0 

< 
C 

( 
( 
( 
(' 
( 
( 
( 
( 
( 
( 
( 
0 

\ n a l 

C, 11 
H, X 
C. 11. 
C, II. 
C. 11: 
C, 11 
C IF 
C. 11. 
C, 11, 
C. 11 
C. IF 
C. 11 
C. II. 
C. IF 

yses 

X 
; C' 

X 
N 
N ' ' 

X 
X 
X 
X 
X 
X 
N 
X 
X 

M F 1) 
tnti kt 

02, . 
>25() 
> 1 50 
> 100 
>10() 
> 1 25 
> 100 
> 2 0 0 
> 5 0 0 
> 500 
> 500 
> 25t) 
> 2 5 0 
> 125 

149-l.il
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TAHLK XXI 

ArCH=CH—<f J 
IT 

m 
67" 
(is 
69 

Ar 

2-C4H,S 
2-C4H,S 
3-CH,-2-C4H->S 

2-CH,C6H4 

2-C4H;,() 

H 

H 
CH, 
CH, 
CH, 
CH, 

Maleic 
TsOH 
HC1 
HPF6 

HC1 

Prepar 
a t ive 

me thod 

F2 
F2 
.12 
.15 
J 2 

Mp. T 
162-163 
162-164 
243-244 
1S9-190 
93-94 

Uecrys tn yolven! 

/-PrOH 
/-PrOH 
j-PrOH 
MeOH 
(-PrOH-/-ProO 

Formula 

C„H14X,04S 

C17H2oN2(),S 
C„H,;ClNoS 
C„H17F6X2P 
C,oH„ClX,() 

" The 4-methyl isomer was present in this preparation to the extent of o-10'V as determined by the nnir 
of 3-methyl- and 4-methyl-2-thiophetiecarboxaldehydes was used. ' 'The symbols used in I his column ;i 
of the Experimental Section. 

nalyses 

, H, X 
H, X 
H, X 
H, X 
H, X 

s p e c t n i n i ; a 

•e e x p l a i n e d 

M K I ) . 
ms*'ks: 

2."> 
62.." 

>2.V) 

Days 
iiiven 

ii SO.-20 mixture 
al the beginniiiK 

ethylene series. /3 .substitution of the link by hydroxy 
leads to inactive compounds (sec Table XXI11). CH3(CH2)«-

139 

Ar H 

s\ 
H N ^ N H 

146, 
145, 

Ar = 
Ar = 

phenyl 
2-thienyl 

The Cyclic Amidine System.—A cyclic amidine 
system is not essential for anthelmintic activity. The 
noncyclic pyrantel analogs 158 and 159 are active.23 

However, among the cyclic amidines, the influence of 

"S' 

XH 

II 
CH2CH,CN(CH;!), 

158 

XH 

'CX(CH:i)2 

159 

ring size upon activity or potency is important; for 
example, the tetrahydro-l,3-diazepines 3 and 11 are 
inactive at the test levels indicated in Table XV. 

The majority of the compounds in the present paper 
are 2-imidazolines or l,4,o,(i-tetrahydropyrimidmes. 
It was of interest to see if there was any reason to prefer 
one system over the other. A comparison of the data 
in Tables VI and VII would indicate no marked differ
ences between the five- and six-membered ring systems 
where ethylene is the connecting chain. However, the 
data in Tables VIII and IX suggest that the tetra-
hydropyrimidine moiety affords more potent compounds 
where /cons-vinylene is the link. This 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 X-methyl cyclic amidine is always more potent than 
the corresponding unsubstituted compound (see Tables 
X-XIII) . Substitution of X by groups larger than 
Ale leads to inactive compounds. Substitution on C-4 
or C-o of the ring system also seems to be unfavorable 
(see 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. 

As indicated in Tables I I -XIII replacing 2-thienyl by 
any of its simpler unsubstituted analogs (3-thienyl, 

i 
CH,— N-
63, n = 3 
64, n = 4 

•HPF6 (CH,)3CCH=CH—<f 
CH— X 

110 

•HPF,: 

phenyl, or 2-furyl) leads to less potent compounds in a 
wide variety of situations. Also, the 1-pyrrolyl, 1-py-
razolyl, and 2-thiazolyl analogs in Table XX are all in
active. It appears, therefore, that 2-thienyl is the op
timum aromatic system for good anthelmintic activity. 
The decreasing order of potency is 2-thienyl > '.\-
thienyl > phenyl > 2-furyl. 

In discussing substituent effects, at least two factors 
have to be considered: (i) the position substituted, 
and (ii) the nature of the substituent. To explore these 
influences, we prepared and tested the series of com
pounds in Table XIV. 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 
tit both ortho positions, however, is unfavorable. As 
mono-ortho substituents both CI and CH3 lead to highly 
potent compounds, but when both ortho positions are 
substituted bv these groups activity is lost (see 87 and 
96). 

While substitution at one ortho position is compatible 
with activity, a wide range of MED's is nevertheless 
observed. The nature of the group itself is probably 
not the sole factor determining potency, e.g., the o-
tolyl compound 84 is far superior to its parent 82, but 
the 3-methyl-2-furyl compound 109 and its parent 108 
are essentially equipotent. Therefore, the nature of 
the aromatic ring must also play a role. It is also not 
sufficient to explain differences of potency on steric 
grounds alone: the 2-methoxy analog 101 is inactive, 
but the 2-ethyl isostere 88 is active. Similarly, if size 
alone determines whether a group is compatible with 
activity, then it is surprising that the 2-hydroxy com
pound 99 is inactive while closely analogous halogen 
compounds are active. Further, the electronic nature 
of the group by itself appears to have no relationship to 
the activity observed, e.g.. following the work of 
Hansch,24 a plot of the potency index [log (1 MED)] 
against Hammett's a substituent constant shows no sig
nificant correlation between these two variables. 

However, another aspect of Hansch's work offers an 

{Xi) J. \\. M o F a r l a n d anil H. L. Howes . J r . , in p r e p a r a t i o n . l->[) C. Hanseh anil T, F u j i m . ./. .1 ; , , 86. ltilfi (19641 
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TABLE XXI! 

N - \ 

A r C H = C H — ( ) 

N - 7 

Prepara-

No. 

71) 

71 

7 2 

7:! 

7 4 

7 5 

7 6 " 
77 

7 8 

7!) 

8 0 

81 

8 2 

8 3 

8 4 

8 5 

8 6 

87 

8 8 

8 9 

1)0 

111 

112 

9 3 

S I 

1)5 

;<tj 

1)7 

1)8 

US) 

1 0 0 

101 

102 

1 ( « 

101 

105 

lOli 

107 

1 0 8 

1(,H 

1 10 

Ar 

2-C,H3S 
2-(',H;iS 
2 - C I F S (riVi 
3-ClF-2-C<lFH 
3-CH3-2-C<H..-S 
3 - C H 1 - 2 - C 1 H 1 S 

4 - C H a - 2 - C 4 H > S 

S - C H 1 - 2 - C 4 H 5 S 

H - ( ' j I l i - 2 - C < H s S 

3 - H r - 2 - C 4 l F S 

3 - C 4 I I . S 

C « H i 

CsIF 
2 - C I l 3 C ' i I I l 

'i-ClUC til, 
S - C H J C . I F 

4-CHsCeH4 
2.ti-(CH.'!C.il l» 
2-CUHtCU, 

2 - F C . H . 
2 - F C 6 H 4 (cis) 

3-F< nH. 
4-F( «1U 
2-ClC'«Mi 
3-OK «IF 
i - ( K ' « : i 4 

2 .6-1 F C M F , 

2-lSrCe,H4 
2 - ICt lU 
2 -H0C ' tH ( 

1-HCK 6 U 
2-cii iOc:6H4 
:i-C'H,CX'6H, 
2 -CMF.OCU, 
2 - C ; , ! F O O a F 
2 - C 4 I F . O C H , 
2-\()..CV:ll( 
: i -N'».( ' . IF 
2-('4H:<<> 

; ! - ( . ' l l - i - C i U i O 

' C l h b C 

R 

11 

( ' I F , 

( ' I F . 

11 

C I F 

( ' I F 

Clin 
CIF, 
CMF, 
C H I 

C I F 
11 
C I F 
H 
C I F 
C I F 
CIF, 
C I F 
C I Ft 
CIF . 
CIF. 
C I F 
CIF, 
CIF, 
C I F 
CIF, 
C I F 
C I F 
CIF, 
CIF, 
CIF, 
( . ' H i 

CIF, 
C H J 

CIIs 
C I F 
C I F 
C I F 
( ' IF, 
( ' IK 
( ' H i 

S a i l 

Maleic 
T a r t a n c 
Tar t aril' 
HCl 
Ta r t ar i r 
T a n ara-

H d 
H P I ' t 
Fumar i e 
T a r t a r i c 
Fumar i e 
Maleic 
HPF,, 
HCl 
1 5HCI 
HCl 
H P F , 
T a r t a r i c 
H P F , 
H P F , 
H P F , 
H P F , 
H P F , 
T a r t a r i c 
T a r t a r i c 
H P F , 
T a r t a r i c 
H P F , 
Fumar ie 
Fumar i e 
T a r t a r i c 
H P F , 
H-COs 
T a r t a r i c 
T a r t a r i c 
F u m a r i e (1 5i 
T a r t a r i c 
HCl 
Citr ic 
H P F . 
HPF, , 

u v e 
metlirnl* 

F2 
12 
I'l 
111 

.11 

P I 

11 

15 

,12 

,12 

J 2 

F 2 

.12 

H I 

H I 

111 

115 

.12 

H 5 

115 

,.-
115 

H o 

,12 

,11 

H 5 

.12 

,15 

.12 

.15 

.12 

H 5 

,12 

,11 

,11 

J l 

.11 

111 

F 2 

15 

,15 

, \ I | l , - C 

1 fiH 1.55 

1-17-148 

160 161 

2 3 6 - -2117 

1 till- 4 7 1 

1 4 1 - 1 4 3 ' ' 

2 2 5 - 2 2 6 

1 5 1 - 1 5 2 

1 6 1 - 1 7 1 dpi 

1 1 0 - 1 1 3 

1 9 3 - 1 9 4 

1 2 2 - 1 2 3 

1 4 7 1 4 8 

2 1 0 - 2 1 1 

1 8 4 - 1 8 8 

1 8 9 - 1 1 ) 0 

2 0 0 - 2 0 2 

2 0 3 - 2 0 6 

1 5 9 - 1 6 0 

1 7 7 - 1 7 8 

2 5 9 - 2 6 0 

1 2 3 - 1 2 5 

1 2 8 - 1 3 1 

177 179 

1 5 8 - 1 6 1 

184 1 8 5 

1 7 5 1 8 5 

1 5 1 - 1 5 4 

2 0 8 - 2 0 9 

2 1 7 - 2 1 8 

2 2 2 - 2 2 3 

1 1 9 1 2 0 

1 7 0 - 1 7 2 

1 2 6 - 1 2 8 

9 5 - 9 7 

1 4 5 - 1 4 7 

1 8 6 - 1 8 7 

2 4 9 - 2 5 0 

1 5 7 - 1 5 8 

1 9 3 - 1 9 5 

1 4 6 - 1 4 8 

Recryst 11 

, -P rOH 
Ft OH 
H t O l l 

, -P rOH 
M e O H -
M e C X 

i - P r O I F 
t- PrO 11 
I F O - i - F 
F t O H 
MeOI I 
i - P r O H -

KtOH 
, -P rOH 
, - P r O H 
i - l ' r O H 

1:1011 
IFO 
M e O I I 
F t O H 
1-ItOH 
F.tOH 
I'll O H 

Ft 011- I-
IFO 
F.tOH 
F t O H 
F t O H 
M e O H -
l f , 0 
M e O l l -
F I O H 

F t O H 
11,0 
I F O - i - P 
,-1'rOH 
I F O - i - P 
1 - P r O 11 

M e O I I 
F t O H 
K ' O H 

s o l v e n t 

l - : t • • ( > 

F l O I I 

- F l O A c 

'i-OII 

-Kt .O 

• I t jO 

F t O H 

F.t-.O 

rOH 

rOH 

M e t C O 

F o r n n i i i 

C , 4 l F , \ , 0 4 S 

< \ s l F , , X : 0 , s 

C1,, I I , „ \ ••(),:< 

C , , i l l , s C I \ , S 

C l . i H v . X j O o 

C ; , 1 F , , N ' 0 „ S 

C I M F T C I X - S 

Ct M F v F , N M ' S 

( ' i ' , 'H : i . .N :OlS 

C i i I F , H r N , . 0 , S I F O 

( ' ' l t H l , \ . ; 0 4 S 

C i . H i . X i i O i 

C I J I F M ' , ; N . . P 

C I M F T C I N -

C | 4 l l l e . l ( ' l i > . \ 

C i 4 l l i » C l N " . 

C n H , , F „ X , P 

C . M F , . \ - 0 , 

C n H i i F e N - . P 

C i l F a - ' - N M ' 
C . M I I . F T N M ' 

C c I F M - W - P 
'V.IFM'-.XM' 
C i t l F i ( ' I X , 0 , . 
C M F C;N,,0, 
C M F s C l F s X I ' 
C:MF„CF0r, 
CiMF,Bt-F,X P 
C l T l F , l X : : 0 4 

Ci, IF , ,N-0 
( Y l h i X . i O . 

C i . , I f i , F , X , O P 

C l ! , H , » X : , 0 , 

c,,,ll,,o. 
C , , l i , , X „ 0 ; 

C , M F , „ X , 0 . 

C , ; l l , , X , 0 . 0 5 I F ( ) 

C , „ 1 F , C ! X , 0 , 

C , T U - X „ 0 , 

( Y H : 7 F , ; X 2 O P 

C u H - , F , X P 

A n a U s e s 

C . I F X 

C . I F X 

C 11, N 

c . I F N 

c . IF X 
( ' . IF X 

c . 11. X 
C. IF X 
c . IF X 
C, IF N 
c . IF X 
c . 11. X 
c . IF X 
c . IF X 
C. H, X 
c . IF X 
C 11. X 
c , I F X 
c . IF X 
c . IF X 
c . IF X 
C. IF X 
c . 11. X 
c . 11, X 
e , H, X 
C. IF X 
c . IF X 
C. 11 X 
O, IF X 
c, H; X 

( ' . IF X 
c . IF X 
C. IF X 
c , IF X 
C. 11 X 
C. IF X 
C. IF N 
('. IF X 
c . IF X 
('. H. X 
C. IF X 

.MKI) 
uitr Ft 

5 0 

1 2 . ; 

2 5 0 

•> ! 2 5 

.'! 
2 5 0 

1 2 5 " 

> 2 5 0 

2 5 

2 5 

2 5 

> 2 5 0 

3 5 

> 1 2 5 

8 

> 2 5 0 

> 5 0 l ) 

> 2 5 ( l 

6 2 : 

6 2 . 

> 2 0 t ) 

> 6 2 1 

> 2 5 0 

12 : 

> 100 

> 2 5 ! ) 

> 1 0 0 

15 1 

7 5 

> 2 ' . ) 0 

> 2 5 ( l 

> 6 2 5 

> F i l l 

> 1 0 1 

> 2 ) 1 

> l l l ; i 

5.1 

> 2 5 0 

I 2 5 

) 2 5 

> 1 0 0 

I ) a > 

" Nnir spectrum indicates less than .V/c of the 3-methyl isomer to be present (see 4-methyl-2-thiophenecarboxaldehyde in the K.xperi-
mental Section); the activity of this compound could be entirely accounted for if only I -3'',' of 74 were present. '• The symbols used 
in this column are explained at the beginning of the Experimental Section. •' Isolated in I', ' yield during work-up of a reaction mixture 
leading in 89. '' The product was not contaminated by the Imnn isomer of any other material as deterniined by paper chromatography. 

T A B U , XXI11 

Ar — CHCH2—< (CH,,)„ 

OH 
CH, 

No. 

I l l 

112 

113 

114" 

115 

116 

117 

11s 

119 

120 

121 

" T h i s 

Ar 

2-G\H 3S 
4-CH3-2-C'4H2S 

C 6 H 5 

2-CH3C6H4 
2 - C H 3 C 6 H , 

3 -CH 3 C 6 H 4 

4 - C H 3 C B H , 

2-01C 8H 4 

2 - C H 3 O C 6 H , 

3 - X 0 2 C 6 H 4 

4 - N 0 2 C , H 4 

/, 
3 

3 

3 
0 

3 

3 

3 

3 

3 

• ) 
3 

p r e p a r a t i o n consis ted of 
m e m b e r s of th i s g roup , th i s 
68. b T h e s y m b o l s used in 
•' N o t t c ; •Med. 

Salt 

HCl 

HCl 

HCl 

HCl 

base 

HCl 

HCl 

HCl 

HCl 

HCl 

HCl 

P r e p a r a 
t ive 

method ' ' 

G 2 

G 2 

(12 

(12 

G 3 

(12 

G2 

G 2 

G 2 

G 2 

G 2 

a p p r o x i m a t e l y 10-
compoi 
th i s col 

.ind show 
lumn a re 

M p , °C 

162-163 

169-170 

174-176 

161-163 

S2-.S3 

180-181 
207-208 

185-187 

184-186 

185-187 

204-205 

•159 c 68 (as 

Recryst n solvent 

f -PrOH 

, - P r O H 
E t O H 

( - P r ( ) H - / - P r 2 0 

( " 6 H 1 4 

N P I - O H 

f -PrOH 

• / - P r O H - E t O A c 

/ - P r O H 

E t O H 

E t O H 

Formula 

CnHnClNt iOS 

C a H m C l N a O S 

C,3H,,,C1N.2() 

C,3H,,,C1N2() 

C U H J O X J O 

C „ H 2 1 C 1 N 2 0 

C,4H2 1C1N20 

C13H1SC12N2() 

C;UH2IC1X2()2 

C,SH 1 8C1N 30 3 

C,.,H ]SC1X:,03 

Analyses 

C, 11, N 

C, H, X 

C, H, X 

H, X : O 

C, H, X 

C, H, X 

C, H, X 

C, H , X 

C, H, X 

C, H, X 
C, H, X 

t h e H C l sa l t ) as d e t e r m i n e d by nnir a n d uv spec t roscopy . 
-ed a n t h e l m i n t i c a c t i v i t y . T h e a c t i v i t y , 
explair led a t t h e 1 leginning of t h e E x p e 

however , is most 
r imenli i l Sect ion. 

p r o b a b l y due to 
rV: ("aled, 61 . : 

MIOO. Days 
mil- ktr ^ i \ e n 

>25(l 1 

> 2 5 0 1 

>25() 1 

250" :; 

>5()0 1 

> 2 5 0 1 

> 2 5 0 1 

> 2 5 0 1 

(/ 
(/ 
,1 

Unlike 01 hoi 
the presence of 
5: found, 62.2. 
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important insight into one effect which we believe plays 
a dominant role in governing the potency of the ortho-
substituted phenyl analogs, and, by way of extension, of 
other analogs in this series. According to Hansen,24 

the potency of a drug in a series of closely related com
pounds frequently depends upon its lipophilic char
acter. In such cases, there is a regular increase or a 
regular decrease in potency as the compounds become 
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 TT substituent constant 
which is analogous to the Hammett a 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 x 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 x values for the ortho substituents 
in the phenyl series. The more potent compounds in 
this group are associated with T values of about 0.7 
(see 84, 93, 97); compounds associated with larger or 
smaller x values are less potent almost to the degree 
that their x values differ from 0.7. Thus, among 
phenyl analogs of pyrantel, it appears the o-methyl 
derivative is near some optimum degree of lipophilicity 
for the group, i.e., its associated x value stands near the 
maximum of some parabolic relationship with potency. 
However, when these same data are treated in the 
manner described by Hansch24 in a multiple linear re
gression analysis using x2 and x 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 also influencing potency. Indeed, a very highly sig
nificant dependence of the potency upon x2 and x is 
found when the effect of a substituent's dipole moment 
and its bulk are taken into consideration.25 

In any event, the proposed relationship can be tested 
further by applying its principle to compounds which 
lie outside of the or^o-substituted phenyl group, e.g., it 
is quite clear that a nearly parallel relationship exists 
among the 2-thienyl derivatives 71, 74, 78, and 79 (see 
Table XIV). Here again the o-CH3 analog 74 is the 
most potent of the group; however, the bromo com
pound 79 is less potent than expected. A number of 
otherwise difficult to explain structure-activity rela
tionships are also accommodated by the hypothesis 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 /3 position by methyl is compatible 
with activity (e.g., see compounds 142, Table I), sub
stitution by hydroxy results in the loss of activity (see 
compounds in Table XXIII) . However, when it is 
considered that, compared to CH3, OH is a very hydro-

(25) J. W. McFarland, in preparation. While the complete analysis of 
these relationships belongs in the paper at hand, it is unfortunately much too 
lengthy; a considerable amount of theoretical background has to be intro
duced. 

philic group, the mystery disappears, i.e., the com
pounds in Table XXIII are all much too hydrophilic to 
be active. The inactivity of the a-CH3 compound 144 
is most probably due to a genuine steric effect. An
other relationship we found so far has no exceptions: 
replacing the X CH3 group by H always results in lower 
potency. It is obvious that the hydrogen bonding 
N-H group should be more hydrophilic than N-CH3 

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 is 
much less potent than the phenyl analog 82, and the 
thienyl compound 71. Of these three substances 108 is 
undoubtedly the most hydrophilic because the oxygen 
atom of the furan is a better hydrogen-bonding base 
than either the sulfur atom of the thiophene or the x 
electrons of the benzene system. Therefore, it is 
really not surprising that the furan compound is not 
very potent. 

The foregoing structure-activity relationships, al
though complex, successfully guided the investigation of 
pyrantel analogs to the discovery of a large number of 
new anthelmintic agents, some of which will be reported 
in subsequent publications.26,27 

Experimental Section 

Boiling points are uncorrected; melting points were deter
mined on a Mel-Temp melting point apparatus (Laboratory De
vices, Cambridge, Mass.) and are corrected. Where analyses 
are indicated only by symbols of the elements, analytical results 
obtained for those elements were within ± 0 . 4 % of the theoretical 
values. 

The meaning of the symbol used under the heading "Prepara
tive Method" in Tables XY-XXY is as follows: the alphabetic 
character refers to the general synthetic methods illustrated in 
the Experimental Section; the arabic numeral refers to one of the 
following subroutines used to isolate or purify the final product: 
(1) isolate the salt directly from the reaction mixture and then 
recrystallize; (2) isolate the product as the crude free base, con
vert it to a suitable salt, and then recrystallize; (3) isolate the 
product as the free base, then distil or recrystallize; (4) convert 
the distilled base to the appropriate salt, then recrystallize; and 
(5) precipitate the HPF 6 salt from an aqueous solution of the 
crude HC1 or other water-soluble salt bv the addition of 65% 
HPF6 . 

Method A. Addition of 2-Chloromethylthiophene to Thio
ureas. 4,5,6,7-Tetrahydro-2-(2-thenylthio)-lH-l,3-diazepine 
Hydrochloride (3).—A mixture of 26.0 g (0.2 mole) of 2,3,4,5,6,7-
hexahydro-lH-l,3-diazepine-2-thione28 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 continued for 2 hr. The reaction mixture was concentrated 
to a small volume, and unreacted thione was filtered from the oily 
residue which was subsequently triturated under PhH to afford 
the crude product as a crystalline material; yield 17.0 g (32%), 
rap 157-159°. This was recrystallized 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 Hydrochloride (10). 
—The method of Pinner29 was used to convert 162.4 g (1.18 
moles) of 2-thiophenepropionitrile (124) to ethyl 2-thiophene-
propionimidate hydrochloride, yield 223.5 g (86%), mp 122-
124°. This product was used in the next step without further 
purification. 

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

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

(27) J. W. McFarland and H. L. Howes, Jr.. ./. Merl. Chew.., 12, 1079 
(1969), paper III . 

(28) A. F. McKay and M. L. Kreling, Can. J. Chem., 35, 1438 (1957). 
(29) Review: R. Roger and D. G. Kielson, Chem. Rev., 61, 179 (1961). 
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AnCH..i„('X 

No. Ar 

.122" 2-C4H3S 0 
I23'' 2-04H,S I L 96(6) 1.5388 
124' 2-C4H;,S 2 M 90(0 5) 1.54 IN 
12.) 3-CH3-2-C4H2S 2 M .S7 (0.2) I 5440 
126 4-Br-2-C4H,S 2 
127 2-CH:,C,iH4 2 M 71 (l) 01 i I . 5205 
12V 2-C4IIsO 2 X 111 (22) 1 474." 
129'' 2-P.vridyl 2 L 82(0,5) 1.5162 
130' 1-Pyrrolyl 2 1. 94(0.2) 1,5105 
131< l-Pyrazolyl 2 L s4(0 .2 ) 1 4972 
132 2-Thiazolvl 2 

133 2-C J L S 3 

" \V. Steinkopf and \V. Ohse, .!««., 437, 14 (1924 i. '• F. F. Blicke and F 
•' 1"'. Sorm and J. Brandejs, Collect. Czich. Chcm. Commun., 12, 444 (1947). 
./. Am. Chcm. Soc, 75, ;}24.'i (1953). -'" .J. M. Patterson, J. Braseh, and P. Drenchko, ./. Org. Chcm., 27, 1052 (1962). " II. I 
.1. F. M. Olh, and F. Billiau, Wiv., 97, 331 (1964). '' The symbols used in this column are explained at Ihe beginning of Ihe I-
Ial Section. ' Crude nit.rile was used directly in nexl step without further charactprizal ion. ' II: caled, 6.0: found, 6.1. "' 
:S9.4: found, 38.4; X: calcd, 6.5; found, 5.9. 

I're'pn.r 
a l ive 

nethoil ' ' 

L 
I. 
M 
M 

<) 
M 
X 
1. 
I. 
1. 
X 
N 

Bp (mm), "• 
100 (35) 
96 (6 ,i 
90 (()..")) 
87 (0.2! 

106 (0 2) 
71 (0 1)1 

111 (22) 
82 (()..")) 
94(0.2) 
S4(0.2) 

/ 
145 (25) 

J>p ( m m ) , " ( ' 

196(760) 
120(22) 
129 (17) 

104 (1 1 ) 
99 (2; 

I3.'> 110 i 

129 H I ) 

I 5402(20) 

5175(20) 
508,8(26) 

CJFX'S 
C7II6BrXS 

C O H I I N 

CBHTX ; 

(', X; lb 
H;C, X* 
('. II, X 

Leonard, •/. Am. Chcm. Soc, 68, 1934 (1946). -
' V. Boekelheide, W. .1. Linn, P. O'Crady, and M 

See ref 10. 
Lamborg, 

leimlinger, 
].\perimen-
C: calcd. 

N i . . 

134 

136 

13s 
" The 

chromat 

2-C,H;fS 
3-CH3-2-C4H2S 
5-CH3-2-C4H2S 
3-CJLS 
2-CHXVL 

Prepani -
l ive 

I i l l ' l l i o r l " 

K 
K 
K 
K 
K 

TABLE XXV 

Ar -CH—CHCX 

°c 

•) 

ip I mm) 

150(25) 
126(0. 
10S(0.5) 
134(14) 
71(0.03) 

1 .637 

1.6192 
1.5901 

symbols used in this column are explained at Ihe beginning of Ihe Kxperime 
ography and or nmr spectroscopy. 

Halm' ' 
tun,*:,-;* 

lis; 32 
77:23 

- 2 : 1 
66:34 

Dial Sect ion. 

f o r m u l a 

C7IFXS 
CsH-XS 
C J L X S 
C,H.-,NS 
OioH.jX 

'' As deter 

\nal.\ 

(' 
("'. 
c 
I.'. 

c. 

, M, 
, H, 

, H, 
. H, 
. n, 

X 
X 
X 
X 
X 

As determined by vapor phase 

I. of dry MeOII was treated portionwise wilh 1975 g (8.95 moles) 
of ethyl 2-thiophenepropionimidaie hydrochloride. The result
ing solution was heated under reflux for 2 hr during which lime 
XTI3 evolved from the reaction mixture. After cooling to room 
temperature, the solulion was concentrated under reduced pres
sure until crystals appeared. The crude product was recrystal-
lized, yield 1820 g (88''; ), mp 171- 172°. 

Method C. Reaction of Primary Amines with Isothiuronium 
Salts. 2-(2-ThenyIamino)-2-imidazoline Hydrochloride (6). 
A solution of 24.4 g (0.1 mole) of 2-methylthio-2-imidazoline 
hydroiodide, 11.3 g (0.1 mole) of 2-thenylamine, and 150 ml of 
II-jO was heated under reflux for I hr. After cooling somewhat, 
the aqueous solution was evaporated under reduced pressure to 
afford a crystalline residue. The crude product was recrystallized 
to afford analytically pure 6, yield 14.1. g (46 ' , ) , mp 120-122°. 

Method D. Condensation of Nitriles with Diamines. 2-(2-
Thienyl)-2-imidazoline jo-Toluenesulfonate (13). According to 
the procedure of Oxley and Short,8 10.9 g (0.1 mole) of 2-thio-
phenecarbonitrile3" was converted to 13. vield 18.2 g (56'",), mp 
188-191 °. 

Method E. Condensation of Nitriles with Diamines Catalyzed 
byH2S. l,4,5,6-Tetrahydro-l-methyl-2-[2-(l-pyrazoIyl)ethyl]py-
rimidine Dihydrogen Citrate (61). A solution of 12.1 g (0.1 
mole) of l-pyrazolepropionitrile (131) and 8.8 g (0.1 mole) 
of X-methyl-l,3-propanediamine was treated with 1.1 g of dry 
H2S and Ihe resulting mixture was heated to 85°. The tempera
ture was maintained at 85° for 24 hr. Crude 1,4,5,6-tetrahydro-
l-methyl-2-|2-( l-pyrazolyl)ethyl]pynmidine was isolated from 
the reaction mixture and was converted to the citrate salt, yield 
7.0 g, mp 143-148° dec. The product, was recrystallized to fur
nish 5.4 g (14 ' , ) of pure 61, mp 148-150° dec. 

Method F. Cyclic Amidines ria Imidate Salts from Amides 
and 1,3-Propane Sultone. 2-[2-(2-FuryI)vinyl]-l,4,5,6-tetra-
hydro-1-methylpyrimidine Dihydrogen Citrate (108).— A mix
ture of 13.7 g (0.1 mole) of 2-fui'anacrvlamide and 12.2 (0. 

CiO) la) A. Hanlzscl i , Ber., 
tuxl I'). Zi-IIer. llrlr. Chim. Aria 

24, :il (18(H): 
, 3, 2«1 (KI20i. 

iM P. Karrer . A. R e h m a n n , 

mole) of 1,3-propane sullone was heated al 120 140° and stirred 
with a glass rod. After 30 mi 11 the solution began to solidify. 
Heating was continued for an additional 30 min. Upon cooling 
to room temperature, the reaction mixture was triturated under 
Me2CO and was then filtered to furnish 21.6 g (80 r , ) of the crude 
imidate inner salt-, 3-('2-furanacrylimidoyloxy)propanesulfonic 
acid. 

A solution of 8.8 g (0.1 mole) of X-meth\i-l,3-propanediamine 
and 100 ml of MeOH was treated portionwise with 21.6 g (0.08 
mole) of the imidate inner salt and heated under reflux for .> hr. 
Crude2-|2-(2-furyl)viny]]-l,4,5,6-tetrahydro-1-meth\dpyrimidine 
was isolated as t he free base and converted to the citrate salt 108, 
yield 13.6 g (46''; ), mp 157 158° dec. 

The above procedure is based on a method described by liied 
and Schmidt,9 

Method G. Adducts from Arylaldehydes and 1,2-Dimethyl 
Cyclic Amidines. l,4,5,6-Tetrahydro-2-(/3-hydroxy-2-methyl-
phenethyl)-l-methylpyrimidine (115). A solution of 69.0 g 
(0.575 mole) of o-tolualdehyde, 66.5 g (0.575 mole) of 1,4,5,6-
tetrahydro-l,2-dimethylpyn'midine, and 75 ml of Phil was al
lowed to stand al room temperature for 48 hr and then evap
orated under reduced pressure to afford a crystalline residue. 
This material was recrystallized to furnish analytically pure 115, 
yield 7.5 g, mp 82-83°. The filtrate was concentrated to afford 
a second crop of product, yield 33.0 g (25'',), mp 81-82°. 

l,4,5,6-Tetrahydro-2-[2-hydroxy-2-(2-thienyl)ethyl]-l-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-l,2-dimethylpyrimidine, and 80 ml of Phil was al
lowed to stand at room temperature for 48 hr. The more volatile 
components were then evaporated under reduced pressure, and 
t he residue was taken up in 500 ml of Et 20. Dry IIC1 was passed 
through the Et«0 solution causing a waxy yellow solid to precipi
tate. The ether was decanted, and the residue was triturated 
under MeCX. The mixture was filtered, and 7.8 g of crystalline 
material was collected: another 3.0 g was obtained by concen
trating the filtrate. The crystalline fractions were combined 
and recrystallized to afford colorless crystals of pure 111: yield 
8.0 g (33'V ), mp 162 163°. 
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Methods H and I are elimination reactions of the adduets from 
method G. 

Method H. Catalysis by Ac20. 1,4,5,6-Tetrahydro-l-methyl-
2- (2-methylstyryl )pyrimidine Sesquihydrochloride (84).—With 
ice-bath cooling 112.1 g (1.0 mole) of l,4,5,6-tetrahydro-l,2-di-
methylpyrimidine was treated with 120.1 g (1.0 mole) of o-tolu-
aldehyde. After standing overnight in a refrigerator, the mixture 
was nearly completely crystallized, and consisted almost entirely 
of the adduct 115. With ice-bath cooling, the unrefined addud 
was treated with 350 ml of Ae20. Upon removing the ice bath 
the temperature rose spontaneously to about .">0°. Most of the 
excess Ae2() was evaporated under reduced pressure, and the resi
due was taken up in l.">0 ml of MeOH. This solution was then 
treated with a solution of HO g of dry HC1 in .").'>() ml of MeOH. 
After l."> min, the alcoholic solution was evaporated, and the thick 
oily residue was treated with Ph i l . Evaporation was con
tinued, and a solid residue was obtained. This material was 
triturated under i-PrOH and filtered to afford 84, yield 62.0 g 
(23%), mp 184-188°. Anal. (C14Hla..-)Cli..-,N2) C , 'H , N ; CI: 
calcd, 19.8; found, 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 solution of 22.4 g (0.2 mole) of 2-thiophene-
carboxaldehyde in 70 ml of EtOAe was treated with a solution of 
11.2 g (0.1 mole) of l,4,5,6-tetrahydro-l,2-dimethylpyrimidine in 
30 ml of EtOAe. The mixture was chilled in an ice bath for 
several hours. Approximately 0.2 mole of dry HC1 was passed 
through the solution, causing a gum (crude 111) to precipitate. 
The gummy material was taken up in 75 ml of 1()'( dry HC1 in 
f-PrOH. The mixture was heated under reflux for 2.5 hr and 
evaporated under reduced pressure to furnish a viscous oil. This 
material was triturated with Me2CO to furnish 13.2 g of crude 
product, mp 190-194°. The crude material was recrvstallized 
from i-PrOH to afford 12.1 g (50%) of pure 1,4,5,6-tetrahydro-l-
methyl-2-[2-(2-thienvl)vinvl]pvrimidine hydrochloride (147), mp 
195-196°. Anal. (CH.' .ClNjS) C, II, N. 

Method J. Direct Condensation of Arylaldehydes with 1,2-
Dimethyl Cyclic Amidines. l,4,5,6-Tetrahydro-l-methyl-2-[2-
(2-thienyl)vinyl]pyrimidine Dihydrogen Citrate (148).—A solu
tion of 6.16 g (0.06 mole) of 2-thiophenecarboxaldehyde, 5.61 g 
(0.05 mole) of l,4,5,6-tetrahydro-l,2-dimethylpyrimidine, and 
25 ml of PhMe w-as heated under reflux in an apparatus which in
cluded a Dean-Stark moisture trap. After 8 hr 0.75 ml (83%) 
of H>() had collected in the trap. The more volatile components 
were evaporated under reduced pressure to afford a dark oily 
residue which was the crude condensation product. The free 
base so obtained w:as converted to the citrate salt: yield 12.0 g 
(60%), mp 172-176°. One recrystallization from MeOH gave 
9.0 g (45%) of analytically pure 148, mp 177-180°. Anal. 
(C l 7H2 2N207)C, H, N . ' 

2,3,4,6,7,8-Hexahydro-8-(2-thenylidene)pyrroIo[l,2-a] pyrim
idine Hydrochloride (139).—A solution of 14.9 g (0.12 mole) of 
l,5-diazabicyclo[4.3.0]-5-noneue, 11.2 g (0.1 mole) of 2-thio
phenecarboxaldehyde, and 12 ml of HC0 2CH 3 was heated at 40-
45° for 18 hr. The mixture was evaporated under reduced pres
sure, and the residue was treated with 50 ml of 3 -V dry HC1 in 
MeOH. The acidified solution was evaporated, and the dark 
crystalline residue was triturated under /-PrOH. The crude 
product was recrvstallized from /-PrOH to furnish colorless 
crystals of 139, yield 10.5 g (43%,), mp 252-255°. Anal. (C,2-
Hi5ClN2S)H, N, S: C: calcd, 56.6; found, 55.4; CI: calcd, 13.9; 
found, 13.4. 

Method K. 3-Arylacrylonitriles by Condensation of Aryl
aldehydes with Cyanoacetic Acid.—The procedure of Patterson31 

was adopted to prepare the appropriate compounds in Table XXV. 
Method L.—Procedure of the literature reference was followed. 
Method M. 3-Arylpropionitriles by Catalytic Reduction of the 

Corresponding 3-Arylacrylonitriles. 3-Methyl-2-thiophenepro-
pionitrile (125).—A mixture of 101.7 g (0.685 mole) of 3-methyl-2-
thiopheneacrylonitrile (135), 5.0 g of 10% Pd-C, and 100 ml of 
dry EtOH was reduced in a Parr hydrogenation apparatus ac
cording to the procedure recommended by the manufacturer. 
After filtering the reaction mixture, the nitrate was concentrated 
to an oil which was distilled to furnish 125, yield 68.6 g (67%), 
bp 87° (0.2 mm), n2iv 1.5440, dM-» 1.0908. 

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

(31) J. M. Patterson, Org. Sun., 40, (1060). 

propionamide,32 and 120 ml of pyridine was cooled to approxi
mately 5°. With efficient stirring and continued cooling, 53 g 
(0.3 mole) of PhS02Cl was added dropwise. After the addition 
was complete the mixture was allowed to stand overnight at room 
temperature. The solution was poured into 1 1. of ice and water. 
The aqueous solution was adjusted to pH 1-2 by the addition of 
HC1, and organic matter was then extracted with E t 2 0 . The ex
tract was dried (Na2S0 (), filtered, and evaporated under reduced 
pressure to afford an oil which was fractionally distilled to give 
128. 

An alternate procedure for converting an amide to a nitrile is 
that of Mowry and Butler.33 

Method O. Nitriles by the Action of Sodium Cyanide on 
Alkyl Halides.—A solution of 4-bromo-2-thienyllithium in Et2() 
was prepared according to the procedure of Lawesson.84 Ethyl
ene oxide (1.5 molar equiv) was then added at —70°. After 
allowing it to warm to room temperature overnight, the mixture 
was stirred vigorously with 2 A' H2H04. The ether phase was 
separated, and the aqueous phase was extracted with E t 2 0 . The 
combined ether phases were dried, filtered, and evaporated under 
reduced pressure to furnish an oil which was distilled: yield 47%, 
bp 144-145° (10 mm). This material, 4-bromo-2-thiophene-
ethanol, was not characterized further and was used directly in the 
following preparation. 

A solution of 10 g (0.0483 mole) of 4-bromo-2-thiopheneethanol 
and 50 ml of Phi l was treated dropwise with 5 g (0.0185 mole) of 
PBi's dissolved in 20 ml of PhH. The mixture was heated under 
reflux for 2 hr; after cooling, 30 ml of ice water was added, with 
vigorous stirring. The PhH phase was separated, and distilled 
to afford 4-bvomo-2-(2-bromoethvl)thiophene (149), yield 6.7 g 
(52%), bp 145-147° (11 mm). Anal. (C6H6Br2S) Br. 

A solution of 8.3 g (0.0308 mole) of 4-bromo-2-(2-bromoethyl)-
thiophene, 1.85 g (0.0378 mole) of NaCN, 1.8 ml of H20, and 40 
ml of EtOH was heated under reflux overnight. The EtOH was 
distilled, the residue was taken up in IT20, and the aqueous phase 
was extracted with Et 2 0. The ether extract was dried, filtered, 
and evaporated under reduced pressure. The residue was 
distilled to furnish 4-bromo-2-thiophenepropionitrile (126). 

Method P. Photoisomerization. m-l,4,5,6-Tetrahydro-l-
methyl-2-[2-(2-thienyl)vinyl]pyrimidine Tartrate (72).—A solu
tion of 10.0 g of //•««6'-l,4,5,6-tetrahydro-l-methyl-2-[2-(2-
thieny])viny]]pyrimidine tartrate (71) in 1000 ml of MeOH con
tained in an erlenmeyer flask was exposed for 3 days to direct 
sunlight. The solvent was evaporated under reduced pressure, 
and the residue was recrvstallized from EtOH to afford colorless 
cryst als of 72, mp 160-161°. 

l,2-Dimethyl-2-imidazoline.—Method B3 was used to obtain 
l,3-dimelhyl-2-imidazoline as oil (approximately 95% pure as 
determined by vapor phase chromatography): yield 85%, bp 
45-50° (16 mm), nui> 1.4668 [lit.35 nip 90° (sic)}. ' The dihydro
gen citrate salt 150 was prepared and recrvstallized from EtOH 
for analysis: mp 108-109°. Anal. (Cnl l^N-A) C, H, X. 

l,4,5,6-Tetrahydro-l,2-dimethylpyrimidine.—Method E3 was 
used to obtain l,4,5,6-tetrahydro-l,2-dimethylpyrimidine as a 
blue oil,36 yield 56%, bp 72-76° (12 mm), n26i> 1.4932. The 
HPF6 salt 151 was prepared and was recrvstallized from ?'-PrOH 
for analysis, mp 156-157°. Anal (C„H13F6X2P) C, H, X. 

(32) 2-Furanpropionic acid was prepared by the procedure of R. J. 
Railings and J. C. Smith, ./. Chem. Soc, 618 (1953). The acid was converted 
to its Me ester, and ammonolysis of the ester afforded the amide. The physi
cal properties of and the literature references to the acid, Me ester, and amide 
are given by A. P. Dunlop and F. X. Peters, "The Furans." Reinhold Pub
lishing Corp., New York, N. Y.. 19.58. p 590. 

(33) D. T. Mowry and J. M. Butler. "Organic Syntheses," Coll, Vol. IV, 
N. Rabjohn. Ed., John Wiley & Sons, Inc., New York, N. Y.. 1963, p 486. 

(34) S.-O. Lawesson, Arlnv Kemi. 11, 317 (1957). 
(35) A. Ladenburg [Ber., 27, 2952 (1894)] reports the preparation of tlws 

material by the reaction of 2-methyl-2-imidazoline and methyl iodide, and 
subsequent isolation of the free base. His product was crystalline, and a 
good analysis was reported. No other citations for l,2-dimethyl-2-imid-
anoline were found in the literature. Ladenburg's method of preparation is 
somewhat equivocal, becau, e the product of monometliylation is capable of 
further reaction with methyl iodide. We believe that the liquid state at 
room temperature is more reasonable for the compound in question. 

(36) The same compound prepared in low yield by method YV3 was color
less. However, addition of a trace of H*>S caused this material to turn blue 
also. The nature of this reaction lias not been investigated, but the blue 
oil is essentially greater than 99% pure when fractionally distilled. Initially, 
the freshly distilled oil is nearly colorless but on standing it again assumes 
a blue color. It. is useable as such in subsequent reactions without detri
ment to the products thereof. 
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Ethyl fi-Methyl-2-thiopheneacrylate (152). The procedure 
for Wadsworth and Emmons37 was used to convert 126 g (1.0 
mole) of 2-acetylthiophene to ethyl /3-mef hyl-2-thiopheneacrylate 
(152), yield 112.6 g (58'7.), bp 83-85° (0.1 mm) (lil.3S bp 72-74° 
at 0.1 mm), n2:-u 1.5739. Anal. (C,„H,2()2S) C, II. 

fi-MethyI-2-thiopheneacrylonitrile (140) was prepared in a 
manner analogous to that described above. Diethyl eyano-
methylphosphonate was used in place of triethyl phosphonoace-
late. From 12.(i g (0.10 mole) of 2-acetylthiophene there was 
obtained 11.7 g (79 r , i of product, bp (is 70° (0.03 0.04 mm j, 
n-lo 1.6162. Anal. <C,H7XS; (', II, X. 

fi-Methyl-2-thiopheneacrylic Acid (153). Ethyl tf-melhyl-2-
tliiopheneacrylate was saponified by XaOH in AleOH to furnish 
eventually fS-methyl-2-thiopheneacrylie acid (153), yield 5.6 g, 
nip 107-i()S° (from MeOH) (lit.-" mp 11.'! 115° from hexanei. 
Anal. (C sH s02S)C, H. 

ri-Methyl-2-thiopheneacrylamide (141). -Cramer and Winter's 
procedure39 was used to convert 16.8 g (0.1 mole) of 0-methyl-2-
thiopheneacrylie acid to 141: yield 11.6 g (70''-,), mp 122-124°. 
One recrvstallization from Ph i l afforded an analytical sample: 
mp 124-12.")°. Anal. t(;sHaNOS) (', II, X. 

Method Q. Cyclic Amidines via Imidate Salts Prepared from 
Amides and E t O + B F r . l,4,5,6-Tetrahydro-l-methyI-2-[2-
methyl-2-(2-thienyl)vinyI]pyrimidineHexafluorophosphate (142). 

With magnetic stirring a slurry of S.36 g (0.05 mole) of d-
methyl-2-thiopheneacrylamide in 100 ml of dry Et 2 0 was cooled 
in an ice bath and treated with 9.5 g (0.05 mole) of Kt sO*BF, ' '" 
portionwise. The mixture was allowed to warm to room tem
perature, anil stirring was continued overnight. During this 
time the initially colorless solids turned yellow. Upon filtration 
14.0 g (99', ') of crude ethyl ^-methyl-2-thiopheneacrylimidate 
Htioroborate (mp 142-146°) was recovered. Without further 
purification the imidate salt was added portionwise to a stirred, 
ice-cooled solution of 4.4 g (0.05 mole) of X-metIwl-l,3-propanc-
diamine in 100 ml of MeOII. The resulting solution was heated 
under reflux for 2 days. After the volatile components were 
evaporated under reduced pressure, the residue was slurried in 
1I20 and treated with 5 ml of 6 5 ' , HPF,,. The crystalline solids 
were filtered and recrystallized from /-PrOII-HjO to yield 142: 
yield 7.2 g (39 r , ), mp 1)16-137°. The product was recrystallized 
from MeOH-EtOAc to furnish an analytical sample: vield 5.0 g 
mp 138-139°. Anal. (CI2II!7F6X2PS) C, It, X. 

«-Methyl-2-thiopheneacrylamide (143). The procedure of 
Polya and Spotswood41 was used to prepare 143 from 2-thio-
phenecarboxaldehyde and dipropionimide: yield 1.9 g (15 ' , ) , 
mp 1 .'•>((--1 :>2°. One recrvstallization from Phil gave analytically 
pure material, mp 131 132°. Anal. i( \HoXOS) C, II, X. 

1,4,5,6-Tetrahydro-l -methyl-2- (1 -methyl-2- (2-thienyl) vinyl i -
pyrimidine hexafluorophosphate (144) was prepared from 8.3 
g (0.05 mole) of cv-methyl-2-thiopheneacrylamide by method (,). 
The vield after recrvstallization from /-PrOH was .'!. 1 g i 17 ' , ) 
mp 12)! 125°. Anal. t ( , ,2H l 7F8 \ . .PS; ('. II, X. 

/r<//,.s'-2-(2-Thienyl)cyclopropanecarbonitrile (154). Proced
ure X was used to convert 23,3 g (0.139 moles) of I rann-2-C2-
t hienyl Icyclopropauecarboxamide12 to lrm>n-2-{2-thienyl Jcyclo-
propanecarbonitrile (154): vield 10.Og (4 s ' ( j . bp 77° (0.2 mm), 
/^ 'n 1.5622. Anal. ((',II7XSi (', 11, X. 

/m».v-l,4,5,6-Tetrahydro-2-|2-(2-thienyI)cyclopropylJ pyrim
idine (145). A solution of 12.1 g (O.OM mole) of lranx-2-(2-
l hieiiy])cyclopropanecarbonitrile, 3.7 g <4.N ml, 0.081 mole) of 
dry EtOII, and 50 ml of dry Et.O was cooled in an ice bath and 
saturated with dry IIC1. After the reaction mixture stood over
night at 0-5°, the oily imidate salt separated: yield 17.2 g 
(92 ' , i. A solution of the total crude imidate IK'l, 5.6 g (0.075 
mole) of 1,3-propanediamine, and MeOH was heated under reflux 
overnight. The reaction mixture was evaporated under reduced 
pressure to give the crude tetrahydropyrimidine salt which was 
subsequently converted to the free base. The product was re-
crystallized from Phil -Cell,4 to afford 1.07 g (6 .4 ' , ) of 145, mp 
133-135°. The analytical sample melted at 133 134°. Anal. 
(0,iII,4X2S)C, II, X. 

Ira HK- l,4,5,6-Tetrahydro-2-(2-phenylcyclopropyl)pyrimidine 

(37) W. s . W a d s w o r t h and W. I). E m m o n s , ./. , t i» . Chrm. So,:. 83 , 17:?:'. 
' 1961). 

138) .1. M. Stewar t and I). \V. Woolley, Bwr)irmi.4r:i. 3 . 1998 i1964> 
(39) r . C r a m e r and M. Winte r . Be::. 94 , 989 r Hltil i. 
(401 H. Meerwein . Org. Sy,<.. 46, 113 (1966). 
(41! J. B. Polya and T . M . Spotswood. Her. Trm: Chun.. 70, 146 ( 1951 i. 
[42) J. W. M e F a r l a n d , ./, Org. Chem.. 30, 3298 -1965). 

'146). In a analogous manner, 146 was prepared from 14.3 g 
0). 1 mole) of //•un.s-2-phenylcyclopropanecarbonitrile; yield 4.65 
g (23 ' , ), mp 161 63° (from P h H - C J I u ) . The material was re-
crystallized once more from PhH to furnish an analvtical sample, 
mp 162-164°. Anal. (C,,-,H16X2) C, II, X, 

2-(2-Thienylthio)acetonitrile (155). Ender X, and with effi
cient stirring and ice cooling, a solution of 38.0 g (0.328 mole) of 
2-thiophenethiol13 and 80 ml of DMF was treated portionwise 
with 15.7 g i0.328 mole) of 5 0 ' , XaH in mineral oil. After the 
Xall had all reacted and the temperature was again at 0°. 25,7 
g 10.34 mole I of chloroacetonitrile was added dropwise over a pe
riod of I hr with continuous cooling and stirring. The mixture 
was healed on a steam bath for 30 min, and the more volatile 
components were then evaporated at approximately 1 mm pres
sure. The oily residue was taken up in KtOAc and washed with 
two portions of IbO, After being dried i W O , ] , the organic 
layer was filtered and concentrated under reduced pressure. The 
residue was fractionally distilled to furnish 155, yield 3S.I) g 
(80 ' , ), bp 72-73° (0.1 mm). Anal. (CdPXS) X. 

«-MethyI-2-thiophenepropionitrile. • a-Methyl-2-thiophene-
propionamide4 ' was treated with P20„ in the manner described by 
Mowry and Butler33 to furnish after distillation a 5(1',' yield of 
«-methyl-2-thiophenepropionitrile, bp 122 123° t 10 mm); vapor 
phase chromatography indicated 100' , purity: ir, 2250 cm '. 
The nit rile was not further characterized, and was used to prepare 
12. 

2-Methyl-l,3-propanediamine was prepared according to the 
procedure of Strack and Sehwaneberg.43 

2,2-Dimethyl-l,3-propanediamine.- I'nder dry \ 2 and with elli-
cient stirring, a suspension of 16.0 g (0.42 mole) of LAI I in 100 ml 
of dry Et20 was treated dropwise with a solution of dimethyl-
malononitrile (4 7g, 0.5 mole) in 100 ml of dry E t 2 0 at such a rate 
as to maintain a gentle reflux. After the addition was complete, 
the mixture was stirred at room temperature for 2 days. It was 
cooled in an ice bath, and treated dropwise with SO ml of IPO. 
Stirring was continued for 30 min, and it solution of 100 g of 
XaOH and 250 ml of H-.O was added. The mixture was heated 
to near boiling, and was filtered hot through a sintered-glass fun
nel. The aqueous filtrate was extracted continuously with El-.O 
for 24 hr. The extract was dried, filtered, and evaporated at a re
duced pressure to furnish crude 2,2-diinelhyl-l,3-propanediamiiie, 
yield 5.5 g: vapor phase chromatography showed this material to 
be approximately 90'', pure. The diamine was not character,zed 
or purified further, and was used directly to prepare 35. 

X-AHyl-l,3-propanediamine was prepared by heating allyl 
chloride in excess 1,3-propanediamine according to the procedure 
of l.insker and Evans. , s The product had bp 174-176° (760 
mm i. The material was not further characterized and was used 
to prepare 43. 

2-Thiophenebutyramide (156). 2-Thiophenebutyrie acid1, 

(25.4 g. 0.149 mole) was converted to the corresponding acid 
chloride by the action of i('()Cl;2. The acid chloride was poured 
into XlbOH. and the crystalline product was filtered. He-
crvstallization from /-PrOH /-Pr-.O afforded pure 156, mp S3 
S4°. Anal. (C,IlnX()S) C, 11, X. 

3-MethyI-2-thiophenecarboxaldehyde was prepared from 3-
methylthiophene by the method of Oronowitz and coworkers.3" 
The product consisted of an 80:20 mixt tire of the 3- and 4-methyl 
isomers.^ Pure 3-nielhyl-2-thiophenecarboxaldehyde can be 
obtained by the low-temperature recrvstallization process de
scribed below. 

3-Ethyl-2-thiophenecarboxaldehyde was prepared from 3-ethyl-
thiophene by the method of Oronowitz and coworkers.4'1 The 
product consisted of a 5:2 mixture of the 3- and 4-ethyl-2-thio-
pheneearboxaldehyde. The mixture was used without further 
purification or characterization to prepare 78. Fractional 
crystallization of 78 removed traces of the4-Et isomer. 

Isolation of Pure 3-Methyl-2-thiophenecarboxaIdehyde. A 
22-1. Hask equipped with a mechanical stirrer was charged with 
6 kg of an 80:20 mixture of 3-methyl- and 4-methyl-2-thiophene-
carboxaldehyde and 5 1. of EtOAc. Two gas dispersion tubes 
were then immersed in the resulting solution, so that the fritted-

43) \\ . 11. limit!' ami U. I t S c h u e t / . ./. Am. Chrm. Sue. 75 , 6)516 1 1953>. 
( U ) i>. Ca t tn ian t . Com lit. Rent/., 232, 734 (1951). 
t-15) [•'.. S t r ack and 11, Sehwaneberg , Her.. 67, 39 (1934;. 
etti: I-'. l . insker and H, I.. E v a n s , .7. , l « . Chrm. So,:. 67, 1581 . 1945:. 

I7t I.. F. I ' i e s e r and K. ( i . Kennedy , ibiil.. 57, 1611 (1935). 
1481 S. Oronowi tz . P. Moses. A - I t Hornfeldt . and K. Hakans son . .t.-/,o 

A'.mi, 17, 165 11961'-, 
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glass ends were close 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 convenient device for breaking the vac
uum. 

Stirring was initiated and the solution was cooled in a Dry 
Ice-Me2CO bath. Crystalline 3-methyl-2-thiophenecarboxalde-
hyde formed; stirring was stopped when it was no longer prac
ticable. When precipitation ceased, the remaining liquid phase 
was drawn off by reducing the pressure in the filter flask. The 
vacuum was then broken, and the crystalline material in the 
round-bottom flask was allowed to melt. To the liquid aldehyde 
was added 1 1. of fresh EtOAc. The new solution was again 
chilled with stirring, and when no more 3-methyl isomer crystal
lized, the liquid phase was drawn off. This process was repeated 
four more times to give finally 1787 g of material from which no 
trace of the 4-methyl isomer could be detected by gas-liquid parti
tion chromatography. The final melt was fractionally distilled 
to remove traces of EtOAc and some color, and to give 1670 g of 
pure 3-methyl-2-(hiopheneearboxaldehyde as a clear pale yellow 

oil: bp 9.")° (5 mm), n26D 1.5859, mp - 9 . 5 ° (uncor). The litera
ture48 values are bp 100-101° (15mm),n20D 1.5882. 

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

4-Methyl-2-thiophenecarboxaldehyde was prepared according 
to the method of Gronowitz and coworkers.48 The product so ob
tained consisted of an 85:15 mixture of the 4-methyl and 3-methyl 
isomers.48 The mixture of isomers was used to prepare 112 which 
was subsequently converted to 76. The nmr spectrum of this 
latter substance indicated that less than 5'", of the 3-methyl 
isomer could have been present. 
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Anthelmintic activity has been discovered among some <ra«s-l-(2-arylvinyl)pyridinium salts which are struc
turally analogous to trarts-l,4,5,6-tetrahydro-l-methyl-2-[2-(2-thienyl)vinyl]pyrimidine (pyrantel). The struc
ture-activity relationships in this new series parallel very closely those found in the pyrantel group; i.e., (i) the 
decreasing order of potency among various aryl systems is 2-thienyl > phenyl > 2-furyl; (ii) ortho substituents 
on the aryl moiety are compatible with activity while substituents elsewhere result in the loss of activity or a 
reduction in potency; (iii) a l-(2-arylvinyl) compound is generally more potent than the corresponding l-(2-
arylethyl) analog; (iv) an a-methyl substituent on the vinylene bridge results in the loss of activity; and (v) 
substitution of the pyridine ring by methyl at the 2 position is compatible with activity; methyl substitution 
elsewhere on the pyridine ring results in the loss of activity. Among the more potent compounds in this series 
are l-[2-(2-thienyl)-vinyl]pyridinium bromide (62), l-[2-(3-methyl-2-thienyl)vinyl]pyridinium bromide (63), 
and l-(2-methylstyryl)pyridinium bromide (66). 

Pyrantel1 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 shown2 ~4 that pyrantel is one outstanding 
member of a broad class of amidines which exhibit 
anthelmintic activity. In another publication3 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, (ii) a simple aromatic system, 
and (iii) 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 description and possess 
useful biological properties. 

One class of compounds which meets these structural 
criteria are the l-(2-arylvinyl)pyridinium salts5'6 (see 
119). On the basis of gross similarity to pyrantel, 1-
[2-(2-thienyl)vinyl]pyridinium bromide (62), which has 

(1) Pyrantel tartrate, Banminth15'. 
(2) W. C. Austin, W, Courtney, J. C. Danilewicz, D. H. Morgan, R. L. 

Cornel], L. H. Conover, H. L. Howes, Jr., J. E. Lynch, J. W. McFarland, 
and V. J. Theodorides, Nature. 212, 1273 (1966). 

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

(4) J. \V. McFarland, and H. L. Howes. Jr., in preparation. 
(5) (a) F. Krohnke. German Patent 682,255 (Oct 11, 1939): (b) F. 

Krfllinke. J. Wolff, and G. Jentzsch, Ber.. 84, 399 (1951). 
16) L. C. King and \V. B. Brownell, ./. Am. Chem. Soc, 72, 2507 (1950). 

CHA" 

pyrantel tartrate 119, Ar = a simple aromatic system 
62, Ar=» 2-thienyl 

been previously described,6 was tested in mice for anthel
mintic activity against the roundworm Nematospiroides 
dubius and was found to be equipotent to pyrantel 
tartrate. This discovery encouraged us to prepare 
many other l-(2-arylvinyl)pyridinium salts, and among 
these several active compounds were detected.7 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 this activity is against dwarf tapeworm (Hy-
menolepis nana), while in the other cases the activity is 
against N. dubius. It was our purpose to show that 
structure-activity relationships in the l-(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., Netherlands Application 6,800,807 (Jan 19, 
1968); this patent describes the anthelmintic activity of several compounds 
mentioned in this article. However, the present research was completed 
before the release of that information [see Chas. Pfizer and Co.. Inc., Belgian 
Patent 700.556 (Dec 27. 1967)]. 


