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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)]. 
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assert more confidently that drugs of both series act by 
similar mechanisms. It was also of interest to explore 
the anthelmintic activity of l-(2-arylethyl)pyridinium 
salts. Several of these were prepared, and some were 
shown to be active. 

SCUKMK I 

AHXXUBr + N Q — A , - C O C H . - N Q B).- J ^ 

ArCHOHCR.N^ }>Br~ /Ai Ai-
>T Bi 

Chemistry Excellent synthetic procedures for the 
(•(impounds presently under discussion have already 
been described in the literature (see Experimental Sec
tion). However, two items of importance should be 
noted. (1) A superior method for the a bromination of 
iiryl alkyl ketones is tha t employing CuBr2 ;

s this method 
works particularly well for ketones which might other
wise substi tute bromine at aromatic ring positions, CJ/.. 
4'-hydroxyacetophenone. (2) In general, the l-(2-aryl-
2-hydroxyethyl)pyridinium salts are best prepared by 
XaHH; reduction of the corresponding ketone;'1 this 
technique should take precedence over the older 
method developed by Krdhnke111 which consists of a 
base-catalyzed addition elimination reaction between 
1-phenacylpyridinium bromide and an arylaldehyde. 

The ]-(2-arylvii>yl)pyridinium salts are believed to 
be in the trans configuration. This belief rests mainly 
on the high probability that a trans isomer is thermo-
dynamically more stable than its cis counterpart, and 
the nmr spectrum of one compound (66-(/,-,). Some 
difficulty was met in a t tempting to establish the geom
etry of the double bond by nmr spectroscopy. In the 
simplest system. 62, there are ten protons, each cou
pled variously to others to produce a highly complex 
spectrum in the region of 5 7.0 10.0. To simplify the 
analysis of this spectrum, the synthesis of 62 was re
peated using pyridine-^/;,. The product. 62-</;,. gave an 
nmr spectrum in D2() that was easily interpreted. The 
three thiophene protons have the appropriate chemical 
shifts and are coupled to each other according to ex-

Bi~ 

62-d,. Ar = 2-thienyl 
66-rf-„ Ar = o-tolyl 

pectat ion." In addition, at SH.OVi there is a single peak 
whose area corresponds to two protons. Thus, the 
chemicals shifts for the a and ji protons on the vinylene 
bridge are identical, and hence, the coupling constant 
Jaji is zero. The same situation prevailed even when 
the aprotic solvent D.\lSO-(/6 was employed. Under 
these circumstances, the geometry- of 62 remains equiv
ocal. A similar study was done on 66-rfj. In this 
case, a typical AB pattern emerged in the nmr spCC-

lKi I.. (". Kirm and (1. S. O s t n i m . ./. On/. Clu-m.. 29, :it.W i ldti-li. 

(!)) ' ] ' , ( in to . ./. 1'hurm. So,: .1,,,„,„. 74, .", 1 S (111.511. 

I 101 !•'. Kni l tnke and A. SchitUe, lit::. 72, 2000 i l'KKI), 

i I II C. '!'. Mai his and .1. II. Golds te in . ./. /'/,,,», Chrm.. S3, Tu 1 ( I'll. I). 

truni. With D4) as the solvent, the chemical shift for 
the a-proton is 8 7.7") and for the /j-proton it is 5 7.99. 
The coupling constant Jaf! is 14.o cps which is consis
tent wit h a trans double bond.1-

There was an attempt to make the as isomer of 66. 
In a manner analogous to the preparation of r/.s-py-
rantel." a V , MeOH solution of 66 was exposed to di
rect sunlight. From the solution there was obtained 
the tricyclic compound 114 in low yield. Doolittle and 
Bradsher! : i made the perchlorate salt of the same cat-
ionic species by essentially the same route. These 
workers used E as an H acceptor, but also noted that 114 
formed in lower yield and was less pure when atmo
spheric ()•, alone was t he oxidant. The same phoioreac-
tion was repeated on 66-</,. The coupling constant of 
the protons on the cisoid double bond of the product 
114-('i was determined to be 7.-") cps. 

66 

114 

Biological Evaluation. Compounds were tested for 
anthelmintic activity in worm-infested mice. Kach 
mouse harbored a natural infection of the pinworm 
Syphacia obrelata and experimentally induced infections 
of the roundworm Nemalospiroides dubius and the tape
worm IJ i/rncnolepis nana. Different substances wen1 

dissolved or suspended in a 1% earboxymethylcellulose 
solution 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 (100 1000 mg kg depending on the com
pounds'* toxicity) was given to a group of four infected 
male mice. If anthelmintic activity was detected, the 
compound was tested at successively lower doses until a 
minimum effective dose (MED) was established. The 
M E D is considered to be the single dose which causes at 
least a 90% reduction in the A', (tubius worm burden as 
compared to untreated infected controls, or the lowest 
dose which will cause 100% clearance of / / . nana or S. 
obrelata. 

Further details of these testing methods are given by 
Howes and Lynch.14 The results of these tests are re
ported in the last columns of Tables V X I I I . 

Structure Activity Relationships. Table I sum
marizes the types of anthelmintic activity exhibited by 
each major class of compound presently under dis
cussion. The l-(aroylmethyl)- ami I-(2-arylvinyl )-
pyridinium classes show activity against two species. 
This is not to say each member of a particular class is 
active against the indicated species, but rather thai 
some are active against both, while others are active 
against only one or the other species. 

In general. I he M E D of a compound against «S. ob
relata is greater than the .MED of the same compound 
against .V. dubius. With respect to the dose required 

il'_>) ,:,: K, 11. Hildi-. .Ii , d n t e i p r e t a t i o i i of N M R S p e c t r a . " 1'li'iium 
Press, New York. \ . Y.. I'.Xio. I> :<*; lln I.. M. . l ackman . "Al 'p i ical io l ls of 
Nuclear Matrnetic Resonance Spec! roseopy in Oriianie Chemist ry. ' ' IVt'c--
iirnim Press. Inc . . New York. V Y, lilf.'.l. | i 8 5 , 

| 111' If. K. Dooli t t le and < '• K. l i radsher . ,/. Or,/, f.hrm.. 3 1 , lililli i, Hllioi. 
. ! ! • II. I.. I l , m « . ,lr.. and .1. H. Lynch, ./. I'ur„>,l„l.. 53 , 108") ! 111(17). 
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TABLE I 

T Y P E OF ANTHELMINTIC ACTIVITY BY COMPOUND CLASS 

Pyridinium salt 

l-(Aroylmethyl) 
l-(2-Aryl-2-hydroxyethyl) 
l-(2-Arylvinyl) 
l-(2-Arylethyl) 

.v. 
dubiuK 

+ 
0 

+ 
+ 

s. 
obvelata 

0 
0 

+ 

H. 
nana 

+ 
0 
0 

and to the number of compounds exhibiting anthel
mintic activity, N. dubius is the most sensitive of the 
three species. Therefore, in the following discussion 
structure-activity relationships will be based on activ
ity against N. dubius. This is also consistent with the 
practice followed in other publications in this series.3,4,1:) 

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

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

TABLE II 

A ^ X - N p ) ' 

Ar 

2-C4H3S; 
2-C4H3.S 
3-CH3-2-C4H,S 
C6H, 

Minimum effective 

R 
H 
CH3 

H 
H 

dose vs. 

, 
X 

A*, dub 

MED," 
= CHsCH,. 

100 
>200 
>200i> 

>250 

•ius. b A 

' mg 
X •• 

1\% 

/kg . 
= CH=CH 

12.5 
62.5 

7.8 
125 

; reduction 
of the A', dubius burden was observed at 200 mg/kg. 

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

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

flfl) J. W. McFarland. II. I.. Howes. Jr.. L. H. Conover, J. E. Lynch, 
W. C. Austin, and I). H. Moruan. in preparation. 

in "ortho" position is 
lubstitution elsewhere 

It is in the structure-activity relationships of the aro
matic ring that the pyridinium salts and tetrahydropy-
rimidines resemble each other most closely. In both 
series the decreasing order of potency among the var
ious aryl systems is 2-thienyl > phenyl > furyl (see 
Table III). The relationship of substituent and posi
tion substituted to activity also follows the same pat
tern found among the amidines: (i) with some explain
able exceptions, substitution at 
compatible with activity, while 
results in the loss of activity or at least a reduction in 
potency; and (ii) at the "ortho" position, a methyl or 
chloro group is associated with increased potency, a 
fiuoro substituent reduces potency somewhat, and a 
methoxy group results in the loss of activity (see Table 
III). For the tetrahydropyrimidine series, an argu
ment based on Hansch's ir substituent constant16 has 
been given3 to account for this behavior. In essence, it 
was shown that among active phenyl compounds there 
is an optimum T value of about 0.7 (very nearly the ir 
values for methyl and chloro) and that any increase or 
decrease in w from this value is associated with the loss 
of potency. The details of this argument are given 
elsewhere;3 therefore, only the parallelism between the 
pyridinium and tetrahydropyrimidine series needs to be 
demonstrated, and the present data appear to have ac
complished this readily. 

TABLK II I 

EFFK.CT OF AROMATIC SUBSTITUTION ON POTKNCY 

Position 

I'nsubstituted 

''ortho" 

"mcla" 

"para" 

A r \ ^ N ^ + Br-

Compd 

62 
65 
S3 
63 
66 
70 
73 
75 
SI 
S4 
67 
6!) 
71 
76 
7S 
79 
64 
6S 
72 
74 
77 
SO 
S5" 

% / 

Ar 

2-CtH3S 
C6Hr, 
2-C4H30 
3-CH3-2-C,H2S 
2-CH3C6H4 

2-CH3OC6H4 

2 - F C B H , 

2-ClC6H4 

2-CF3C6H4 

3-CH3-2-C4H20 
3-CH3C6H4 
3-HOC6H4 

3-CH3OC6H4 

0-CIC6H4 
3-BrC6H4 

3-NO->C6H4 

5-Cl-2-C4H2S 
4-CH3C6H4 

4-CH3OC6H4 

4-FC6H, 
4-ClC6H4 

4-NO0CH4 
5-CH3-2-C4H30" 

MKD, 
lnir/kK 

12.5 
125 
250 

7.8 
15 

>250 
250 

31 
>500 
>125 
>250 

250 
>250 
>25() 
>250 

>1000 
>250 
>250 
>250 
>200 
>250 
>250 
>500 

<PF. 

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

(10) (a) C. Jlansch, P. P. Maloney, T. Fujita, and It. M. Muir. Xature, 
194, 178 (1902); (b) C. Ilansoh, R. M. Muir, T. Fujita, P. P. .Maloney, F. 
Geiirer, and M. Streicii. ./. Am. Chem. Hot:, 85, 2817 (IHO.'-i); (c) C Hansoli 
and T. Fujita, ibiil., 86, 1016 (1H64). 
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H)ti 
120 

Ar — C H = 

A i 

2-<.:,ll;,s 
4-(1('„H., 

=CH-

T AKI. 

1 
CH, 

\ . -1 i v . • 

No 
Ye, 

v. 1\ 

Av—CH=CHN 

X ... Ar 

1)2 2-('4H:,S 
77 4-Cl(',;H, 

o 
Ar i\ 

Yo-
Xo 

1082 JAMES W. .\k T A R L A N D AND HAROLD 1.. H O W L S , J R . \,,\. )j. 

it is too lipophilic (lor (T ; i T should he about 1.1). No 

meaning can be attached to the apparent lack of ac

tivity of the .H-methyl-2-furyl compound 84; because of 

its toxicity, this compound cannot be tested at 2o0 mg 

kg, the M E D of the 2-furyl compound 83. Neverthe

less, at 125 mg kg a 70% reduction in worm burden was 

observed for 84, and past experience with similar com

pounds indicates that the next higher dose level. 2.">0 

mg kg, would be sufficient to effect at least a 90% re

duction. The corresponding l'uraii compounds in the Thus, arylvinylpyridinium salts appear to constitute 

tetrahydropyrimidine series are also oquipotont. a new class of anthelmintic agents. Members of this 

Since it is clear that the structure activity relation- group of compounds behave biologically more nearly 

ships among the l-(2-arylvinyl)pyridinium salts and like analogs of pyrantel, a cyclic amidine. than like 

among the tetrahydropyrimidines are essentially the another type of pyridinium salt which also possesses 

same, it is reasonable to assume that drugs in both series anthelmintic activity. The differences in activity be

a d at the same receptor, and arc influenced by the same tween these two series may be a question of helminth 

steric. electronic, and lipophilic factors. spectrum as well as site of drug action. 

Because1 the types of drugs presently under discussion 

might conceivably be acting at a site important to the 

metabolism or action of acetylcholine or acetylcholine-
Experimental Section 

like transmitter substance, it was of interest to s tudy the Boiling points arc uncorrected; melt ing point, were del ermiued 
a d i v i t v of some s imple c o m p o u n d s c o m b i n i n g ce r t a in ''," « - ^ l -Temp melting- point apparatus (Laboratory Device-
, . ' , i i i - i i --n i • , ' ambridge, Mass.; and are corrected. 1 he starting ketones were 
features ot acetylcholine and pyrantel, l o this end, , o m m m . i a l ) v a V i l i h i t ) , ( , ,„. h i i v e , ) e p n described previously in the 
the a m i n e s ot l a b l e X I were p r e p a r e d , a n d by t h e ac - literature. Where analyses are indicated only by symbols of the 
tioll ot M e l t h e y were s u b s e q u e n t l y c o n v e r t e d to t he elements, analytical re.-ult- obtained for those elements wen-
c o r r e s p o n d i n g t r i m e t h v l a m m o n i u m ' iod ides of T a b l e within ± 0 . 4 ' ; <.f the theoretical values. The phy-ica! proper! ie-
XII. None of these quaternary ammonium salts is of the compounds a,-eg,yen m Fables \ -Mi l . 

1 - . . l-iAroylmethyl)pvndimum salts ot 1 ables \ and M i l were 
ac t i ve , bu t one ot t h e p r e c u r s o r a m i n e s (99) e x h i b i t s a c - prepared from the appropriate aryl alkyl ketones by 1 he method of 
tivity against N. rfubius. Significantly, in 99 the basic King and Ostrum." 
c e n t e r is s e p a r a t e d from t h e t h i o p h e n e r ing b v a t w o - l-<2-Aryl-2-hydroxyethyl:pyridinium salts of Tables VI and 
c a r b o n cha in , in th is case e t h y l e n e . T o go one s t e p IX were ohtuiiie.1 bv reducing l-<aroylmethyl ipyridinium -alt-
.- „i ,1 , , ' , 1 - n , wall NaBII,:9 an example follow-. A .-olut ton ot 2.>.() g (0.0SS 
t n r t h e r , t h e / /wes -vmylene c o m p o u n d 111 was p r e p a r e d m „ l e i ,)f ,_ (2-,henovlmethyl ipyridintu.n bromide (It and200 ml 
ill a mill iner a n a l o g o u s to t h e p r e p a r a t i o n of l - ( 2 - a r y l - ,„• H,() at mum temperature was ,-tirred while O.N.i g iO.()22o 
v i n y D p y r i d i n i u m sa l t s . Like t he o t h e r t r i m e t h y l a m - mole > of NaBH< wa- added port.iouwise. A prei-ipitate formed 
mol l ium sa l t s , th i s c o m p o u n d is also i nac t i ve . immediately, and, after a few minute-, Ihe reaction mixture wa-

filtered to furnish ihe crude product-. One recry-tallizalion trom 
lj~\ N.,HH II,() KtOH affoi-ded pure ]-j2-hydroxy-2-(2-thien\Tie1hynpyri-

"" diniiim bromide (35); yield 1-S.2 g (,">2' , i, mp 2M!I 240°. 
l-i2-Arylvinyl ipyridinium salts of Tables Vll and X were pre-

JQ9 pared by methods already described in the literature.'111 

Method A. A solution of the l-(2-aryl-2-hydroxyethyl tpyr-
idinium sail, Ac.,(), and AcOIl was heated in a steel bomb at 220° 

[j \ A..O-.VOH forohr . 
Method B. A ,-oluti if the hydroxy compound and (',}}.-

O K I was heated at 1(H)- 20(1° for i hr. 
110 Method ('. A -olutiou of the hydroxy compound, Aid ). 

and AeOH was healed under rellux for 'A hr. 
Method D is the Kschweilor Clark modificaliou of the Louek-

S XXX'H N(CH 

S CHOHCH.NK'H. 

, „ ^ ^ _ art reaction." 
S N(CH,I, Br Method K. An X.X-dimelhylamide was reduced by a Till-' 

JJJ solution of borane; an example follows. A solution of LS.:> g 
ft). 10 mole) of N,N-dimethyl-2-thiophenepropionamide and :>() 

Wood and his coworkers17 have described the anthel- ml of dry THF wa.- cooled to — .V* and wa- stirred magnetically 
mintic activity of some l-methyl-2-(2-arvlvinyl)pvridi- while 2(H) ml ai.2() mole) of a commercial solution2" of i.n .1/ 
n i u m sa l t s . H o w e v e r , it is d o u b t f u l t h a t t he se c o m - l-orane in T H F was a<kle<l tlropwise at such a rate that llie r.-a,--

, ± . , , , ,, ,. , tion temperature did not exceed +.i . l-pon completing tin 
p o u n d s a re St r ic t ly a n a l o g o u s to t h e ones d iscussed :1ddilion. tluM-eaction mixture was allowed to warm to room lem-
a b o v e . The p u b l i s h e d work i n d i c a t e s t h a t the i r best pea t ure and was then heated under reflux for 1 hr. Work-up of 
c o m p o u n d is 2 - ( 4 - c h l o r o s t y r y l ) - l - m e t h y l p y r i d i n i u m the read ion mixlure and fractional distillation of the crude prod-
chloride (120), vet among the'l-(2-arvlvinvl)pyridinium " H furnished pure N\N-dimeihyl-2-thiophenepropylamine (100). 
bromides, the corresponding (77) is inactive (see Table -vul'iJ ^ . V ™ ' - ' '•,. 
. . . . , , ... i . .. , Method L. s-ee literal lire reterence. 
I V ) . f u r t h e r , if t he se two series of c o m p o u n d s were 2-Thiopheneethylamine was prepared by the action of 1.0 .1/ 
closely r e l a t ed , one would expect l - m e t h y l - 2 - [ 2 - ( 2 - borane in T H F on 2-thiopheneacetonitrile: yield 40' '; , bp to:-! 
t h i e n v l ) v i n v l ] p v r i d i n i u m iod ide (106)1 8 to exh ib i t a c t i v - l»4° i'28--30 mm): vapor pha-e chromatography showed the 
jtV, b u t it does no t . ])roduc1 to be essentially 100',' pure flit.21 bp 200 201° '7ot! 

mm ) j . 
i l 7 i ml I. H. Wood. .1. A. Pankav ich , anil I). W a l e t z k y . ./. I'arusitol., 

51 (No. 2. Sec. •>). lit (1»M5); (I,; I. H. Wood, .!. A. P a n k a v i c b . and R. L. 
Haml iu ty . V.. S. Pa t en t H.177.11B (April «. 1965.1: (c; I. H. Wood. H. L. U) li. N. I.-ke. li. li. W i-cfiarvcr. and (I. A. All-,-. "Orminii- Synl hese-c' 
I'.anilnir.v, and U. Horner. V. S. Pa ten t :i. 1 7H.55H (April 20. l»6">i. Coll. Vol. I I I . John Whey and Suns. Inc . . New Vork. V V.. ttloo. p 72.1. 

(18! This c o m p o u n d was prepared liy P. X. Gordon of these la l iorator ie- 2(e A vailal.le from Alfa I norstanics Inc . . P.everly, Mass . (ll'.U.V 
and »:,» kindly donai ed l.y liiin. '2 1 (',. Ha titer ami V I ' . T. Kasson. ./, ('/„,„.. N„ , . , 2100 (IthiSo 
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TABLE V 

ArCOCH2— N ^ Q ) Br 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

«A 

Ar 

2-C4H3S 
3-CH3-2-C4H2S 
5-CH3-2-C4H2S 
0-CI-2-C4H2S 

C6H5 

2-CH3C6H4 

3-CH3C6H4 

4-CH3C6H4 

2-HOC6H4 

3-HOC6H4 

4-HOC6H4 

2-CH3OC6H4 

3-CH3OC6H4 

4-CH3OC6H4 

2-FC6H4 

3-FC6H< 
4-FC6H4 

2-ClC6H4 

3-ClC(5Xl4 

4-ClC6H4 

3-BrC6H4 

4-BrC6H4 

O-IG6H4 

2-N02C6H4 

3-N02C6H4 

4-N02C6H4 

2-CFsCeH4 

4-HO-2-CH3C6H4 

2-HO-5-CH3C6H4 

2,4,6-(CH3)3C6H2 

2-C10H7 

2-C4H3O 

3-CH3-2-C4H20 
5-CH3-2-C4H20 

= Me2CO, E = dry EtOH, 

Itecrystn 
solvent0 

E 
M 
M-A 
M - P 
b 
M - P 
M - I E 
P 
E 
M-A 
M 
M"-P 
M 
E 
E 
E 
P 
b 
b 
M-A 
M 
M - E 
M - W 
M - W 
M 
M 
E 
M-W 
E 
E 
M 
M - P 
E 
P 

Mp, °C 

198-200 
273-274 
206-207 
204-206 
199-200 
176-177 
176-178 
204-206 
195-197 
224-226 
251-253 
160-162 
232-234 
203-205 
237-238 
224-225 
205-206 
214-215 
249-250 
208-209 
246-247 
235-236 
254-256 
263 dec 
245-246 
251-253 
224-225 
277 dec 
197-198 
279 dec 
213-214 
211-213 
253 dec 
203-205 

Lit. 
mp, °C 

199-200 
182 

205 
197-200 
222-224 
248-250 

203-205 

211 
250 
206 

230-235 

260 dec 
245-247 
245-247 

280 dec 
219-220 
201-203 

Ref 

c 
d 

e 

f 
f 
f 

e 

e 
e 

g 

h 

d 

g 
e 

d, 
i 

3 

IE = i-Pr20, M = MeOH, P = i-PrOH, 

Formula 

CnH,oBrNOS 
Ci2H12BrNOS 
Ci2Hi2BrNOS 
CnHtBrClNOS 
CiSH12BrNO 
C„H14BrNO 
Ci4H„BrNO 
C„H14BrNO 
C13H12BrN02 

Ci3H12BrN02 

C,3H12BrN02 

CuHuBrNOz 
C14Hi4BrN02 

CuH1 4BrN02 

C H u B r F N O 
CiaHnBrFNO 
CisHnBrFNO-O.oHjO 
Ci3H„BrClNO 
CuHnBrClNO 
CuHuBrClNO 
C I 3HnBr2NO 
CaHuBrjNO 
C13H„BrIXO 
C,aHnBrN203 
Ci3HuBrN203 

Ci3HnBrX203 

C14HnBrF3XO 
CuH 1 4 BrX0 2 'H 2 0 
Ci4H14BrX02 

e Ci6H18BrXO 
Ci7H14BrN0 • H 2 0 
CnH10BrXO2 

C12H12BrX02 

Ci2H12BrN02 

Analyses 

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

H, X ; C * 
C, H, X 
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 
C, H, X 
C, H, X 
C, H, X 
C, H, X 
C, H, X 
C, H, X 
C, H, X 
C, H, X 
C, H, X 
C, H, X 
H, X ; C ° 
C, H, X 
C, H, X 

W = H 2 0. * Not recrystallized. ' J. W. 

M E D / ' 
mg/kg 

>250* 
31 

>250 
>250 

>1000* 
62 

>250 
>250 

250 
>250 
>250 
>250 
>250 

r 
>250 
>250 
>250 

r 
r 

>250 
>250 
>200 
>250 
>250 
>250 
>250 
>250 
>250 
>250 
>250 
>250 
>250 
>250 

r 
Baker, J. 

Days 
given 

3 
1 
3 
3 
3 
1 
3 
3 
1 
3 
3 
1 

O 

1 
1 
1 

O 

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

Chan. 
Soc., 1148 (1932). << J. W. Baker, ibid., 445 (1938) • F. Krohnke and W. Hefi'e, Ber., 70, 864 (1937). ' L. C. King and G. K. Ostrum, 
/ . Org. Chem., 29, 3459 (1964). » F. Krohnke, Ber., 69, 921 (1936). h S. H. Babcock, Jr., F. I. Xakamura, and R. C. Fuson, J. Am. 
Chem. Soc, 54, 4407 (1932). < J. L. Hartwell and S. R. L. Kornberg, ibid., 68, 1131 (1946). > X. Saldobols and S. Hillers, Latvijax 
PSE Zinatnu Akad. Vestis, 75 (1959); Chem. Abstr., 53, 17993 (1959). kC: calcd, 57.6; found, 57.1. ' X : calcd, 4.8; found, 5.4. 
m C : calcd, 53.1; found, 52.4. " X : calcd, 4.6; found, 4.0. ° C: calcd, 59.0; found, 59.5. p Minimum effective dose against A". 
dubius. « Active against H. nana at 250 mg/kg (three daily doses). ' Not tested. 

l-Methyl-2-[2-(2-thienyI)vinyl]pyridinium iodide (106) was 
prepared in a manner analogous to that described by Wood, et 
al.lla From 0.1 mole of 1,2-dimethylpyridinium iodide and 13.4 
g (0.12 mole) of 2-thiophenecarboxaldehyde there was obtained 
13.8 g (42%) of 106, mp 224-226°. One recrystallization from 
MeOH afforded an analytically pure sample, mp 221-224°. 
Anal. (C12H12INS) C, H, N. 

1-AHylpyridinium Hexafluorophosphate (107).—A solution of 
72.6 g (0.6 mole) of allyl bromide, 300 ml of CHC13, and 96 ml 
(1.2 moles) of pyridine was heated under reflux for 2 hr. After 
standing at room temperature overnight, the solution was evap
orated under reduced pressure, and the residue was dissolved in 
H 2 0. Treatment of the aqueous solution with 100 ml of 65% 
HPF 6 caused the crude product to precipitate. The crystalline 
matter was filtered and recrystallized from MeOH-i-PrOH to 
furnish analytically pure 107, yield 23.6 g (15%), mp 78-79°. 
Anal. (C8H10F6NP) C, H, N. 

1-Benzylpyridinium hexafluorophosphate (108) was prepared 
in a manner analogous to 107. From 76 g (0.6 mole) of benzyl 
chloride and 96 ml (1.2 moles) of pyridine there was obtained 108, 
recrystallized once from MeOH: yield 49.1 g (26%), mp 147-
149°. Anal. (C12H12F6NP) C, H, N. 

2-Thenoylmethyltrimethylammonium Bromide (109).—Crude 
2-bromoacetylthiophene was prepared from 12.6 g (0.1 mole) 
of 2-acetylthiophene by the method of King and Ostrum.8 The 
undistilled product was taken up in 100 ml of CH2C12, and, at 
— 10°, was treated with approximately 10 g of dry Me3N. A 

colorless precipitate was collected after the mixture stood in a re
frigerator overnight. The crystalline solid was recrystallized 
from EtOH to furnish an analytical sample of 109: yield 10.7 g 
(54%), mp 233-235°. Anal. (C9H14BrXOS) C, H, X. 

[2-Hydroxy-2-(2-thienyI)ethyl]trimethylammonium Bromide 
(110).—In a manner analogous to the preparation of l-(2-aryl-
2-hydroxyethyl)pyridinium salts, 51.1 g (0.193 mole) of 109 was 
reduced by 1.82 g (0.048 mole) of XaBH4 to give 110. After one 
recrystallization from MeOH the vield was 23.2 g (45%), mp 
231-232°. Anal. (C9H16BrXOS) C. H, X: calcd, 5.3; found, 
4.7. 

2-(2-Thienyl)vinyltrimethylammonium Bromide (111).—A solu
tion of 1.0 g (0.00376 mole) of 110, 5.0 ml of ACiO, and 5.0 ml of 
AcOH was heated on a steam bath for 20 hr. After cooling some
what, the solution was evaporated under reduced pressure, and 
the residue was recrystallized from MeOH-j'-PrOH to furnish 
analytically pure 111, yield 0.21 g (23%), mp 190-192°. Anal. 
(C9H„BrXS) C, H, N. 

2-Thiophenepropionyl Chloride.—A solution of 92.7 g (0.594 
mole) of 2-thiophenepropionic acid, 250 ml of CH2C12, and 76.2 g 
(0.6 mole) of (COCl)2 was allowed to stand at room temperature 
for 3 days. The volatile components were evaporated under re
duced pressure and the residue was distilled to give 2-thiophene-
propionyl chloride, yield 66.8 g (63%), bp 130° (33 mm). This 
product was not characterized further but was used directly in 
the preparation of N,X-dimethyl-2-thiophenepropionamide (112). 

2-Thiophenebutyryl chloride was prepared in a like manner 
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T\B1.L VI 

ArCHOHCH.NvQN 
Br" 

Nd. 

35 

;so 
3 / 
3 s 

:>!) 
4(1 

41 

42 

4:; 

44 
45 

4(i 

47 
4 s 

49 
50 

.">1 

52 

53 

:>4 

. ) , ) 
5 0 

57 
5.S 

.")9 

60 

01 

" A = 
B r o w n e 
./. Of/. 
K r o h n k 

Ar 

2-C4H3S 

3-CH3-2-( '4II2 ,s 

5-e]I ; ! -2-C 4 H 2 S 
5-('l-2-C4TI,S 

(VI.-. 
2-CH ;,('„! I, 

; ; -( ' i i ; , ( ' t ;H, 

4 - ( ' I I , C 6 H 4 

3-HO( ' 6 H 4 

4-HO(. '„H4 

2 - C I E O C J E 

.'j-ciisocau 
4 - C H 3 0 ( \ ; H 4 

2-FC«II4 

4 - F C J E 

2-ClC 6 H 4 

3-Cl( ' ( iIl4 

4-( 'IC ( lII4 

3-BrC 5 H 4 

4-BKVJE 

3-X<),( ' iiII4 

4-X0 2 ( ' , ;H 4 

2- (T ; l ( \ i I I 4 

2-C l„II ; 

2 - C 4 H , 0 

:;-('H;,-2-C4H.2(> 

:>-(' II 3 - 2 - 0 4 H 2 0 

M e 2 C O , Pi = dr 
I, J.Am. Chtm. i> 
Chun., 3 1 , 2616 
c, ibid., 66, 604 

R e t r y .-m 
-o lvem " 

E - W 

\Y 

M 

AI 

M 
i; 

M- A 

M A 

\Y 

\Y 

M 

E 
F; 
M 
M P 

M - W 

M 

!•: 
M A Y 

E 
M 

M 

] ' 

E 
M 

E 
M - - E E 

•EI on , Ei'; 
or., 72 , 27)1)7 
(L966). - ' I 
1933! . ' ( ' 

M p . " ( ' 

2;-i9-24U 

202-20; ; 
1S7) IsO 

214-21.") 

23S-239 

2.11-25:5 

l.')9 -161) 

215-210 

270-272 

263-265 
207 2()x 

16:i-16.") 

175 176 

256-257 

223-224 

276 -277 

207-209 

l s ( i - l s 2 

236 237 

206 207 

214 215 

270 273 
250 251 

131 133 

216-217 

169-170 
129 130 

= Et2<), AI 
(4 950; . <'!• 

'. K r d h n k e ; 
: calcd, 57. 

I.ii. 
i„i,. ' ( 

232-233 

229-232 

/; 

213 
26s 

20s 

165-106 
I S O - J S l 

275 

213-214 

1S2-IS3 

232-23:5 

210-212 

270-272 

216 

= AleOH, P = i 
. Krc ihuke and K 
m d A. Schttlze, 
2; found, 57 .8 . 

If CI 

r 

d 

, 

d 

f 

11 
d 

,1 

,1 

,1 

11 

f 

h 

d 

d 

- P r O l I , 
. F a sold 
Her., 72 

' X : c 

1-ul-lHllh.l 

C i , n , , B r X ( ) S 
C , 2 H 1 4 BrXOS 

( : , = n , 4 Bi 'X( ) s 

( ' „ I I : , B r ( ' l X O > 

( Y J I n B l ' X O 
(\4H,F ,BrX<) 

('14N„..BrX() 

( ' , 4H,, iBrX() 

C J I u B r X O , 

C, ; ;H 1 4BrX(L 

C;4H,fiBi'X<>.. 
C, 4 TI l s BrX(L 

C U I I I B B I ' X O . 

C i 3 I I i 3 B r F X O 

C u I F . i B r F X O 

( \ ; , I I 1 3 Br( ' lX() 

C M E . B r C l X O 

C, aH,: ,Br( ' IX() 

CiiiHinBiiNO 

(',:,H,:,Br,X(> 

Call.nBrN'.jO 
Ci:iHi3BrX,() 

("uI IuBrEi .XO 
C i l H l f , B r \ < ) 

( , „ I I , . .B rN( ) , 
C l 2H14BrX<>2 

(.',..! IHI irX()» 

\Y = I P O . '' Xot c 
Ha:, 6 7 , 6 5 6 (1934 

, 2000 (1939). "' F 
alcd, 4 .5 . found, 5 

Analyst'.-

(', H, X 

(' . 11. X 

(', II, X 

(', II. X 

('. II. X 
(', II, X 

(', II. X 
11. X : ( ' 

V. II. X 
( ' . II, X 

(', II, X 

( ' , II, X 

(', II . X 

(', H : X 

(', II, X 

(', II . X 

(', H, X 
(', 11, X 

( ' . II, X 
X ; C, 11 

II, X ; ( ' 

( ' , II, X 
(', II . X 

ha rac t e r i zed . 
. ' l i . E . Dooli 

Krcihuke, ibid 
1). *( . ' : calcd 

M L 
uiir 

>." 
> 2 

> 2 

> 2 

>: 
> 2 

1 
> 2 
> 2 

> 2 

L>. 

kf: 

0 0 

5 0 

5(1 

5 0 

III) 

5 0 

5(1 

5 0 

5 0 

> 2 5 0 

>25() 

> 
> 
y. 

> 
> 

2MI 

2 5 0 

. '50 

n 

")()() 
')()() 

E. ('. Kins and \Y. B. 
E. Dooli t t leandC. K. Bradsher, 

ibid., 68, 1351 (1935). * F. 
'<; found, 61.3. II: 

calcd, 4.9: found, 5.4, ' C: calcd, 48.9: found, 49.4. '" Minimum effective dose against A", dubiu*. " X'oUested. 

TABLE VII 

Br" 
A r C H = C H — N Q ) 

No. 

62 

63 

64 

65 

60 

67 
(is 

69 

70 

71 
72 

73 
74 

75 

76 
* i 

7s 

79 
so 

s i 

s2 
S3 

S4 

x5 J 

•• FF 
VV. B. 
nke, .1 
found, 
a s a i n s 

Ar 

P y r a n t e l t a r t r a t e 

2 - C J E 8 

3-CH 3 -2 -C 4 H,S 

5-Cl-2-C4H,H 

( ; , i l l . 

2-CH : ,C ( iH4 

3-(;H3C6H4 

4-CH 3 C G H 4 

3 - H O C I E 

2-CH 3 OC ( i H 4 

3-CH.,OC6H4 

4 - ( ; H 3 ( ) C J I 4 

2-FC 6 H 4 

4-FC6Fl4 

2-C1CJI. , 

3 - C 1 C J E 

4-ClC sH4 
3 - B r C J l . , 

3 - X 0 2 C 6 H 4 

4-XO,C, i H 4 

2-CF:,(\iIf4 

2-( ' ,„II7 

2-('4H;,() 

3 -CH 3 -2 -C 4 H 2 0 

5 - C H 3 - 2 - C 4 H 2 0 

<- sa l t . ' 'A - Me-. 
Browiit'll, ./. .1 in. CI 

Prep 
meihixl 

B 

B 

B 

B 

B 

B 

B 

L 

A 

A 

A 

B 

B 

B 

B 
B 

B 

B 

B 

B 

B 
I, 

(' 
C 

CO, E 
t in. eSoe 

Wolff, a n d (1. J e n t z s c h , Hei 
55 .1 . ' B r : calcd, 
, A', dubiua. 

25.4 : f 

L e r r y - u i 
-olvtMit'' M p , CC 

M A i s o - l s l 

M A 231-232 

M-I-;A is.")--ISO 
M A 1 5 X 1 5 9 
P I97-19S 

M A 23S-239 

M A 265-267 

\V 115-117 
M A 70-71 

M P 192-193 
P 210-211 

P S9-90 
P 210 212 

M A 171 - 172 

P 168-170 
M A 229-231 

P 19S-199 

M - A 249-250 
M - A 273-275 
P - I E 1S0-1S1 

M A 257 25S 

P I E 185 186 

M - E A 223-224 

E 158-159° 

d r \ E t O H , EA = E t O A 
, 7 2 , 2 5 0 7 (1950). •' 1!. E. 
. , 8 4 , 3 9 9 ( 1 9 5 1 ) . •' C : c 
Hind, 25.9. ' V: calcd, 4. 

I.ii. 
nip. '<• 

ISO -1 Si 

154 156 

192 -193 

1 17 

201 

95 

227 

243 

271 

1 S 6 - 1 S S 

.'. I E - 2-

Dool i l l l e 
lied, 43.7 
").S: f o iu i t 

l-unini 

Cii I I .oBrXS 
C , 2 H, 2 BrXS 

C u I E B r d X S 

( ' , : iII ,2BrX 
C 1 4 H „ B r N 

C 1 4H 1 4BrX 

C i , H „ B i ' X 
( \ 3 H 1 2 B r X O -

C 1 4 H 1 4 BrX() 

C u H u B r X O 
C i 4 t I l 4 B r X O 

C , : ,H n BrFX 

C J I n B r F X 

(Y. ;H u Bt 'ClX-

0 1 3 H „ B r C l X -

C J I n B r C l X 

C c d l n B r . X 

0, 3I l 1 1Bi 'X 2() 2 

C s H n B l ' X i l L 
C H H N B I F H X 

C L T I I U B I ' X 

C u H , „ B r X O 

Ci ,H 1 2 BrX( ) 

C 1 2 H I 2 F 6 X O P 

- A leOH, P -

a 

2II2U 

U,() 
0 . 5 H , ( ) 

t - P r O H , 

Analy-e.-

(', II, X 

V, 11, X 

II. X : ( " 

(', H, X 
(', H, X 

V, H, X 

(.', 11, X 
O. H, X 

(', H, X 
V, H, X 

(', H, X 
C. H : X" 
II, X : C* 

Br 

(', 11, X 
C, H, X 
IT. X ; C> 

C, H, X 

IT, X ; C 

( ' , IT, X 

(', II, X 

(.', H , X 
C, H , N 

C, H , X 

W = H 2 0 . 

MVA).' l)i 

1 •) ", 1 
1 _ . •) 1 
1 2 . 5 1 

7 . s 1 

>250 1 
125 1 

15 1 

> 2 5 0 3 

>25() 3 

250 1 

> 2 5 0 1 

>25() i 

> 2 5 0 1 

250 1 

> 2 0 0 1 

31 1 
> 2 0 0 1 

> 2 5 0 3 

> 2 5 0 1 

> 1 0 0 0 1 
> 2 5 0 3 

> 5 0 0 1 
> 2 5 0 3 

250 1 

> 1 2 5 I 

> 5 0 0 1 

" L . C. K i n g a PioO. M - ATeOH, P - t-PrOH, W = H 20. ' L. C. King and 
and ('. K. Bradsher, ./. Org. ('hem., 31, 2616 (1906). * F. Krfih-
: found, 43.2. " X : calcd, 5.0; found, 4.3. ' ' ( ' : calcd, 55.7: 
1,46.4. *•(': calcd, 50.S; found, 50.2. ' Minimum effect dose 

file:///B1.L
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No. 

86 
87 
88 
89 

Ri 

CH; 
H 
H 
H 

R2 

H 
2-CH3 

3-CH3 

4-CH3 

Recrystn 
solvent 

i-PrOH 
EtOH 
EtOH 
EtOH 

Qs 
TABLE VIII 

Ri 

COCH—N; -^n\. 
l i p . °C 

167-168 
211-212 
219-220 
239-240 

Br" 

Formula 

C,2Hi,BrNOS 
G2H12BrXOS 
C12HI2BrNOS 
CuHiaBi-NOS 

• C : calcd, 48.3; found, 43.5. H: calcd, 4.1; found, 3.6. b Minimum effective dose against A", dubius 

Analyses 

C, H, N 
C, H, N 
X; C, H« 
C, H, X 

A", dubius. 

.MED.6 

mg/kg 

>250 
>250 

c 
>500 

c Not tested. 

Days 
given 

3 
3 

3 

N o . 

90" 
91 
92 
93 

Id 

CH3 

H 
H 
H 

" Either the threo 
against A\ . dubius. 

I!= 

H 
2-CH3 
3-CH3 

4-CH3 

or erythro isomer: 
e Not tested. 

Kecrystn solvent 

i-PrOH 
MeOH-i-PrOH 
MeOH-i-PrOH 
j-PrOH 

a second isomer was 

TABLE IX 

f 
I O H C H — r / \ \ 

Mp, °C 

186-187 
190-191 
163-164 
177-179 

not detected. b C: 

Br" 

formula 

C12H14BrXOS 
CuHuBrXOS 
C12H„BrXOS 
C12H14BrXOS 

calcd, 48.0; found. 

Analyses 

C, H, N 
C, H, N 
C, H, X 
H, X; O 

, 48.5. e Mi 

MK1),': 

mg/kg 

>500 
>250 
>250 

d 

Days 
given 

0 

3 
3 

inimum effective dose 

TABLE X 

R1 

Q^K + 

N o . 

94 
95 
96 
97 

Ri 

CH3 

H 
H 
H 

Rs 

H 
2-CH3 

3-CH3 

4-CH3 

Prep 
method 

B 
B 
B 
B 

X 

PF 6 

Br 
Br 
Br 

Recrystn 
solvent 

Me 2C0-C 6H» 
MeOH-i-PrOH 
AIeOH-Me2CO 
j-PrOH 

l i p . °C 

178-180 
188-189 
205-206 
239-240 

Formula 

C12H12F6NPS 
C12H12BrNS 
C,2H12BrXS 
C,2H12BrXS 

Analyses 

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

MED," 
ing/kg 

>500 
62 

MOO 
>250 

Days 
given 

3 
1 
3 
3 

" Minimum effective dose against A", dubius. 

TABLE XI 

N o . 

98 
99 

100 
101 

n 

1 
2 
3 
4 

Prep 
method 

L 
D 
E 
E 

lip (mm), °C 

83 (30) 
99 (27) 
86(15) 
47(0.1) 

g 
•H"-D 

1.5159 
1.5139 
1.5078 
1.5050 

L(CH2)„N(CH3)2 

Ref Formula 

a C H u X S 
C8H13XS 
CH15NS 
C,oH„XS 

Analyses 

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

MED. ' 
mg/kg 

>500 
500 

>250 
>250 

Days 
given 

1 
2 
3 
3 

« H. D. Hartough, S. L. Meisel, E. Koft, and J. W. Schich [J. Am. Chem. Soc, 70, 4013 (1949)] report bp 60-61° (10 mm) and n2un 
1.5188. b Minimum effective dose against N. dubius. 

No. n 

102 1 
103 2 
104 3 
10") 4 

H. D. Hartough, S. L. 

Recrystn 
solvent 

EtOH 
H 2 0-E tOH 
E t O H 
Eton 

Miesel, E. Koft, 

11 
Mp, °C 

154-156 
249-251 
185-186 
208-210 

and J. W. Schich, 

TABLE XII 

-(CH2)„N(CH3)3 F 

Lit. 
mp. °C Ref 

152-153 a 
236-238 b 

J. Am. Chem. Soc, 70 

Formula 

C8H14INS 
C9Hi6INS 
C10H18IXS 
C„H2„IXS 

,4013 (1948). 

Analyses 

I 
C, H, X 
C, H, X 
C, H, X 

'' G. Barger and 

MED, 1 

mg/kg 

>500 
>250 
>100 
>250 

A. P. T. E 

Days 
given 

3 
3 
3 
3 

asson, 
./. Chem. Soc, 2100 (1938). c Minimum effect dose against AT. dubius. 
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.'ABLE XI.1I 

N o . 

115 
116 
117 
l i s 

Ar 

2-C,H3S 
2-C4H„S 
3-CH3-2-C4H2S 
C6Ha 

H 

II 
GIL 
H 
H 

X 
ci 
a 
ci 
Br 

ArCH,CH,-

Kecrystn 
solvent 

EtOH-EtsO 
EtOH-EtsO 
E t O H - E t 2 0 

0 

-m 
R 

Alp, "C 

111-112 

168-169 

183-184 

Formula Analyses 

C„Hi2ClNS-0.5II2O I L X j C 6 

C12H„C1XS C, H, X 
CJ2HUC1NS • 0.25H20 C, H, N 
C13H14BrX 

AlEU,' 
mg/ka 

100 
>200 
>200 
>250 

1)»J S 
{riven 

a Commercial material. b C: calcd, 56.3; found, 55.8. c Minimum effective dose against A', dubias. 

from 2-thiophenebutyric acid, except the product was not dis
tilled but used directly in the preparation of X,X-dimethyl-2-
thiophenebutyramide (113). 

N,N-DimethyI-2-thiophenepropionamide (112).—With ice-bath 
cooling and efficient stirring, 200 ml of 2 5 % aqueous Me 2NH was 
treated dropwise with 34.9 g (0.2 mole) of 2-thiophenepropionyl 
chloride. The resulting mixture was extracted with two 100-ml 
portions of Et 2 0, and the combined extracts were dried (Xa2S04). 
After filtering and evaporating the ether solution, the residue was 
distilled to furnish pure 112, yield 26.7 g (73%), bp 106-108° 
(0.4 mm), M23D 1.5425, (/2,''2» 1.1229; vapor phase chromatography 
showed this material to be essentially 100% pure. Anal. (C9-
II13NOS) C, II, X. 

N,N-Dimethyl-2-thiophenebutyramide (113).—In a like man
ner 113 was prepared from 17.1 g (0.1 mole) of 2-thiophenebutyric 
acid via the acid chloride: yield 11.9 g (60%), bp 112-117° (0.2-
0.3 mm), »25D 1.5352; vapor phase chromatography showed the 
product to be essentially 100' , pure. Anal. (CioHisXOS) C, 
II, X. 

8-Methylbenzo[u]quinolizinium Bromide (114;. -A solution of 
15.0 g (0.055 mole) of 66 in 1500 ml of MeOII was exposed to sun
light for 11 days. The exposed solution was then evaporated to 
furnish a yellow solid, yield 14.8 g ('99.5%,), mp 191-197°. After 
three reerystallizations from /-PrOII and one from EtOH, crystals 
of pure 114 were obtained: yield 0.8 g (5%), mp 264-265°. The 
uv spectrum of 114 agrees with that reported for the perchlorate 
salt.13 Anal, (CiJI,2BrX) II, X, C: calcd, 61.3; found, 60.8. 

l-(2-ThienylethyI)pyridinium chloride (115) was prepared 
by the reaction of 2-(2-chloroethyl)thiophene22 and pyridine. 
See Table XI I I for the physical properties and analytical data. 

(22) V. V. Ulicke and F. Leonard, ./. Am. Chem. Soc, 68, 193-1 U U M J . 

2-Methyl-l-(2-thienylethy])pyridinium chloride (116) and 
l-[2-(3-methyI-2-thienyl)ethyl]pyridinium chloride (117) were 
prepared in a similar manner from appropriate starting materials. 

2-(2-Chloroethyl)-3-methylthiophene.—A solution of 3-methyl-
2-thienylmagnesium bromide was prepared from 56 g (0.32 mole) 
of 2-bromo-3-methylthiophene and 12.6 g (0.52 g-atom) of Mg in 
400 ml of dry Et 2 0. This mixture was treated dropwise over a 
period of 1 hr with a solution of 195 g (0.83 mole) of 2-chloroethyl 
/j-toluenesuifonate in 200 ml of Et2G. After the addition wa.-
complete, the mixture was heated under reflux for 2 hr. The 
crude product was isolated by standard techniques, and was 
fractionally distilled to furnish an oil: yield 33.5 g (66%), bp 
98-102° (16 mm), re25o 1.5620. This material is unstable; with
out further characterization it was used immediately to prepare 
117. 
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