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glass eiids were close to t,he bot,tom of the vessel, but apart from 
each other. The other ends of t,he t,itbea were connected by 
Tygon tiibing t,o glass tribes which penetrated the rubber stopper 
of a 12-1. filter flask. A valve to the atmosphere from t,he filter 
flask was included as a convenient device for breaking the vac- 
iiiim. 

Stirring was initiated aiid t,he soliitioii was cooled in a Dry 
Ice-AIenCO bath. Crystalliiie 3-methyl-2-thiophenecarboxalde- 
hyde formed; stirring was stopped when it was 110 longer prac- 
ticable. When precipitatioii ceased, the remaining liqitid phase 
wah drawn otf by rediiciiig the pressiire in  the filter flaFk. The 
vacuiim was then broken, mid the crystallirie material in the 
round-bottom flask wa. allowed to melt. To the liqiiid aldehyde 
was added 1 I. of fre.;h EtOAr. The new solittion was agaiii 
chilled with stirring, and when no more 3-methyl iwmer cryst.al- 
lized, the liquid phase was drawn ofl'. Thii procehs wa.s repeated 
four  more times to give filially 1787 g of material i'i,oni which 1 1 0  

trace of  the 4-methyl ibonier could be detected by gah-liqiiid parti- 
tion chromatography. The final melt was fractionally distilled 
lo remove traces of EtOAc arid some color, aiid to give 1670 g of 
piire ::-niet,hyl-2-( hiopheriecarhcJxaldehq.de as a clear pale yellow 

oil: bp 93" (3 mm), 12% 1.3859, mp -Y. . io  (iiiicor). The litera- 
tiire48 valites are bp 1O0-10lo (13 mm), TL*OD 1.3882. 

By co~iceiitrating the combined filtrates and repeating the 
procebs essentially as described above, additional piire 3-methyl 
isomer was obtained: yield 1498 g. 
4-Methyl-2-thiophenecarboxaldehyde was prepared accordiiig 

t.o the method of GronoM-itz aiid coworkers.48 The prodiict so ob- 
taiiied consisted of ai1 85:15 mixtiire of the I-methyl and 3-methyl 
ib.omera.'* The mixtiue of isomers wah used to  prepare 112 which 
wah siibseqiieiit~ly converted to 76. The iimr hpectriim of this 
latter .*libstance indicated that less than of the :$methyl 
ihorner coiild have tieen present. 
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Novel Anthelmintic Agents. 111. 1-(2-Arylvinyl)pyridinium Salts 

Aiit,helmint~ic activit,y has been discovered among some Irans-l-(2-arylviiiyl)pyi,idiiiiiim salts which ai'e struc- 
t.iirally a d o g o i t s  to trans-1,4,.5,6-tetrahydro-l-methyl-2- [3-(2-thieriyl)vinyl] pyrimidine (pyrantel). The striic- 
t,ive-act,ivity relat,ion-hips in this new series parallel very closely those found in the pyrant'el groiip: i.c.., (i) the 
decreasing order of potency among various aryl tems is 2-thieiiyl > phenyl > 2-furyl: (ii) ortho sitbstitiients 
011 the aryl moiet,y are compatible with activity while siibstitiieiit.; elhewhere resiilt in t,he loss of activity or a 
rediict,ioii iii pot,ency: (iii) a 1-(2-arylviiiyl) compound is generally more potent than the correhponding 1-(2- 
arylethyl) analog: (iv) an a-methyl siibst,itrieiit OIL t,he vinyleiie bridge resiilts ill t8he loss of activity: and (v j 
siibst,itutioii of the pyridine ring by methyl a t  the 2 position is compatible with activity: methyl sitbstitutioii 
elsewhere on the pyridine ring resitlts in  the loss of activit,y. .kmoiig the more pot,eiit, compoiinds in this seriec 
are 1-[2-(2-thieriyl)-viiiyl]p~ridiriirim bromide (62), 1-[2-(:2-methyl-2-thiend)viiiyl]pyridiiiium bromide (63)) 
and 1-(2-methylstyr!-l)pyridiiiiiim bromide (66). 

l-'yraritell is a highly effective broad-spectrum anthel- 
mintic agent and is currently gaining acceptance as a 
veteririary drug in many areas of the world. We have 
previously s h o ~ n ~ - ~  that pyrantel is one outstanding 
member of a broad class of amidines which exhibit 
:tiithelmintic activity. 111 anot'her publication8 we de- 
scribe tthe structure-activity relationships in this class 
of compounds. 12rom these relationships certain struc- 
tural featureb appear to be necessary for act,ivity: (i) a 
positively charged unit, (ii) a simple aromatic system, 
and (iii) a two carbon atom c h : h  $eparat'iiig the positive 
charge from t'he aromatic ring. Other fact'ors limit ac- 
tivity, but consideration of the features postulated 
above led u s  to search for ot'her classes of compounds 
which might also fit this general description arid possess 
uheful biological properties. 

Oiic class of compounds which meets these structural 
cxiterin are the 1-('2-arylvinyl)pyridiriium h:tlts"Vfi (see 
119). On t'he bx of gross similarity to pyrantel, 1- 
['2-('2--thienyl)viiiyl]pyridiriium bromide (621, which has 

(1) Pyrantel tartrate,  Banmintha.  
( 2 )  W. C. Austin. \I-. Courtney, J. C .  Danilemicz, D. H. Morgan. R .  L. 

Cornell, L. H. Conover, H. L. Halves. Jr., J. E. Lynch, J. V. NcFarland,  
and V. .I. Tl~eotloriiles. S n t u r e ,  212, 1273 (1966). 
GO .J. \\-. AlrFarland. L. H. Conover. H. L. Hoives, J r . ,  J. E. Lynch, D .  R. 

C'hisholm. \\-. C.  Austin. R. L. Cornwdl ,  J .  C. Danilewicz. \T-, Courtney, 
and D. H. Morran,  .I. . M P ~ .  Chem.. 12, 1066 (1969), paper 11. 

(4) J. LV. SIcFarland, and 11. L. Howes. Jr., in preparation. 
f.5) i a )  F. Krolinke. German Patent  68Z25.5 (Oct 11. 1989):  (I>) F. 

(6 )  I.. C .  Icing and \V. 1 3 .  Uron-nell, .I. d m .  Chem. S o  c . .  72, 2 3 O i  ( 1 Y R O ) .  
liriilinke. .I. \\-olfl. and G. .Jentasci!. E e r . .  84, 309 (19,51). 

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

been previously described.6 \vas testled i n  mice for anthel- 
mintic activity agaiiist the roundworm Neiiratospiroirles 
rlubius arid was fourid to be equipotent, to pyraritel 
tartrate. T h k  discovery encouraged us to prepare 
many other 1-(2-arylvinyl)pyridinium salts, and among 
these several active compounds were detected.' The 
general syrithet,ic sequence outlined in Scheme I was 
followed throughout' the present work. I t  was also 
discovered that some of t,he intermediate l-phenacyl- 
pyridiniuni salts pos.sess anthelmintic activity. In two 
cases this act,ivity is against dwarf tapeworm (fiy- 
ti~e?aolepis nana),  while in the other cases t'he activity ib 
against X .  tlu6iu.s. It was our purpose to show t,hat 
struct'ure-activity relationships in the 1-('2 arylviny1)- 
pyridiiiium series parallel t,hose of the pyrantel series! 
arid t,his corisideration guided the selection of com- 
pounds for syrithe and evaluation. By showing that 
such a parallelism exists we would be in a position to 

( i )  May and Ilaker I . t d . .  Setlierlands .\pplication 6,800,807 (.Jan 19, 
1Y68): tliis patent descrilies the anthelmintic activity of several compounds 
mentioned in tlik article. However, tlie yrehent research was completed 
I>efore tlie release of that information [see Clias. Piincr and C ~ o . ,  Inc.. l3elgian 
Patent  i00.5,56 (Dee 2 7 .  1Y6 i ) I .  
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TABLE I 
TYPE OF ANTHELMINTIC Ac.rIvrw B Y  C O ~ I P O U S U  CLASS 

s . s. H .  
Pyridinium salt duhius obi~elula iinnii 

l-(hvoglmethyl) + 0 + 
l-(%-hi,?;I-"hydl.os!.et hyl) 0 0 0 
1-(2-A~y1vil1y1) + + 0 
l-(2-.\i:\.leth~l) + 

and to the number of compounds exhibiting tinthel- 
mintic activity, N .  rlubius is the most' sensitive of the 
three species. Therefore, in the following discussion 
structure-activity rehtioiiships will be based on activ- 
ity :\gainst N .  r/ubz'us. 
practice followed in other publications in this series."*4j1" 

A s  with other analogs of pyrantel, it  is convenient'to 
corisider 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 bet'ween the cyclic sys- 
tems. 

The Link.--OIie striliing similarity between the tetra- 
hydropyrimidine (pymntel) series and the present group 
of compounds is the superiority of t'he trans-vinylene 
link over t,he ethylene bridge (see Tables I1 and XIII) .  
Other par:dlel structure-activity relationships in both 
series are ( i )  the lack of activity associated with CY- 

methyl substitution of the vinylene link (see compound 
94), (ii) the inactivity of compounds with a '-hydroxy- 
ethyl bridge (see Tables T'I arid IX), and (iii) the lack of 
biologicid response associated with compounds with 
only a single carbon atom bridge, e . g . ,  l-benzylpy- 
ridiriium hexafluorophosphate (108) is inactive at  12,3 
rngkg;  higher doses :ire toxic. 

This is d s o  con 

TABLE I1 

R' 
----hIED,a mg/kg---- 

.\ r R s = CH2CHr s = CH=CH 

2-CIHaS H 100 12.5 
2-CIHsS CH, >200 62, .i 
8-CH3-2-C,H,S H >200* 7 . 8  
C6Hj H >23O 123 

~Ii t i imum effective dose us. A\7. dubius. * A  7lC% reductio11 
of the .V. rlitbirts brirden was observed at 200 mg/kg. 

The pyridine system has not been extensively ex- 
plored ; however, the picoliriium compounds in Table X 
have been studied in some detail. Among these com- 
pounds one relationship is somewhat analogous to a 
sit,u:itiori in the pyrantel series. Y-amely, a methyl sub- 
stituent at  the position adjacent to where the liiili is at- 
tached is compatiblc with activity (see compound 95); a 
methyl substituent at  any ot'her pyridine position leads 
to M loss of act,ivity (see the other compounds in Table 
S) . 

The Aromatic Ring.-At the outset it should be rioted 
that an aromatic ring is essential for ail arithelmintic 
effect t o  be observed. The salts, 1-methylpyridinium 
iodide and I-allylpyridinium hexafluorophosphate (107), 
are both inactive at  500 n i g k g  eveii when that dose is 
given or1 3 consecutive days. 

(1.5) .I .  \V, 3fcJ2arlan~l ,  11. I.. I l u ~ v c ~ . .  .Jr.. L. 11, ('unover. .T. E. L y n c l ~ ,  
I \ ,  c'. . \listin. and  I) .  11. 3Iornan. in preparation. 

It. is in the structure-activity relationships of t'he aro- 
matic ring that the pyridinium salts arid t'etrahydropy- 
rimidines resemble each other most closely. In  both 
series the decreasing order of potency among the var- 
ious aryl systems is 2-thienyl > phenyl > fury1 (see 
Table 111). The relationship of substituent and posi- 
tion substituted to  activity also follows the same pat- 
tern found among the amidiries: (i) with some explain- 
able exceptions, substitution :it an "o,,tho" position is 
compatible wit,h activity. while subst,itution elsewhere 
results in the loss of activity or at least a reduction in 
potency; and (ii) :Lt the " w f h o "  position, a met'hyl or 
chloro group is associated with increased potency, a 
fluoro suhstituerit reduces potency somewhat, and a 
methoxg group results in the loss of activity (see Table 
111). E'or the tetrahydropyrimidine series. :in argu- 
ment based 011 Hmsch's n- substituent constant16 has 
been given3 to account for this behavior. In  essence, it 
was shown that among active phenyl compounds there 
is an optimum n- value of about 0.7 (very nearly the n- 
values for methyl and chloro) arid that any increase or 
decrease in T from this value is associated with the loss 
of potency. The details of this argument are given 
elsewhere therefore, only the parallelism between t'he 
pyridinium and tetrahydropyrimidirie series needs to be 
demonstrated, arid the present data appear to have BC- 
complished this recidily. 

Position Chinpd 

I-iisubstituled 62 
6 .5 
88 

' 'ortho' ' 68 
66 
T O  

7 .i 
41 
s4 

" l t l ~ ! l U ' ~  67 
69 
71 
76 
7s 
i o  

6s 
7% 
74 
77 
S( 1 
y j , ,  

-., i 13 

* . p a i t  ' 64 

, *  

a PF,- salt. 

Thus, the reason why the methoxy compound (70) is 
inactive is that  it is not lipophilic enough, i.e., the T 

value, -0.33, is too low. On t'he other hand, t'he tri- 
fluoromethyl compound 81 is inactive probably because 

(18) (a) C. JIanscli, 1'. I>. AIaluney, T. l i i j i ta.  a n d  I t .  AI. I I i i i r ,  S i i l u r u .  
194, l i 8  (1902):  (1)) C. Jlanacli, R .  11. AIiiir, T. b'iijita, 1'. 1'. Xaluney ,  P. 
Geiger. and  31. Streieii. ./. Am. Chrm. Sor.., 85, 2817 ( l $ l t i : 3 ) ;  ( c )  c'. liansrli 
and T. Fiijita. i t i d . ,  86, ltilti  (1964). 
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TABLE V 

Lit. RIEL).'' Days 
No. Ar solvent" hlp, O C  mp, 'C Ref Formula Alldl) 9 e b  mg/kg given 

1 2-CdHaS E 198-200 CI1HloBrNOS C, H, ?; >250q 3 
2 3-CH3-2-CkH2S R I  273-274 C12H12BrNOS C, H, X 31 1 

Recrystri 

3 5-CH3-2-GH28 &I-A 206-207 CI2Hl2BrNOS C, H, X >250 3 
4 j-C1-2-C4H,S AI-P 204-206 CllH9BrC1KOS C, H, S >250 3 
3 CsH5 b 199-200 199-200 c CI3Hl2BrK0 >1000Q 3 

7 3-CH3C6H4 11-IE 176-178 Cl4HI4BrXO C, H, S >250 3 
6 2-CHzCsH4 11-P 176-177 182 d CirHi4BrNO H, S ,  C'L 62 1 

8 4CHaCsH4 P 204-206 205 e C14H14BrN0 C, H, S >2.50 3 
9 2-HOCsH4 E 195-197 197-200 f C13H12BrN02 C, H ,  Sl 230 1 

I1 4-HOCsH4 11 251-253 248-250 f C13H12BrN02 C, H, r\T >2.50 3 
10 3-HOCsH4 121-A 224-226 222-224 f C13HI~BrN02 H, 1, C m  >250 3 

12 2-CH3OCsH4 RI-P 160-162 C14HlaBrN02 C, H ,  Svi >250 1 
13 3-CHaOCsHr 31 232-234 C14H14BrK02 C, H, X >230 3 
14 PCHaOCsH, E 203-205 203-205 e C I ~ H ~ ~ B ~ K O ~  r 
1.T 2-FCsHd E 23 7-23 8 CUHIIB~FNO C, H, 1 >230 1 
16 3-FCsH4 E 224-225 C13HllBrFK0 C, H, ?; > X 0  1 
17 4-FC,H4 P 205-206 C1JH1IBrFSO.O 3H20 C, H, ?; >2.50 1 
I b  2-C1C& b 2 14-2 15 211 e C13HllBrC1N0 r 

20 4ClCsH4 11-A 208-209 206 g C1~HilBrCl;Z;O C, H, ?i >2.50 2 
21 3-BrC6H4 11 246-247 CiaHiiBr2NO C, H, ?; >230 3 

19 3-ClCeH4 b 249-250 250 e CiaHiiBrClNO r 

22 4BrCsH4 11-E 235-236 230-235 h CI~HIlBr2NO C, H, N >200 1 
23 3-1CsH4 11-W 234-256 C13Hl1BrI?JO C, H, S >250 3 
24 2-NOaCsH4 11-W 263 dec 260 dec d CI3HllBrS2O3 C, H, N >250 1 
23 3-N02C& 11 243-246 245-247 g C I J H ~ ~ B ~ N ~ O ~  C, H, S >230 3 
26 4?;OzC&4 >I 231-253 245-247 e CnHiiBrS208 C, H, S >230 3 
27 2-CF3CsH4 E 224-225 CiaHiiBrF3SO C, H, S >250 1 
2\ 4-HO-2-CH3CsHa 11-W 277 dec C14Hl4BrSO2 H,O C, H, ?; >250 1 
29 2-HO-5-CHzCsHd E 197-198 ClaHi4B1X02 C, H, S >2.50 1 
30 2,4,6-(CH3)3C6H2 E 279 dec 280 dec d ,  e CljH18BrX0 C ,  H, S >230 2 
31 2-CloH7 31 213-214 219-220 a C ~ ~ H I I B I N O  . H 2 0  H, S ,  Co >250 3 
32 ZC4H30 11-P 211-213 201-203 j C11H10BrS02 C, H, ?i >230 3 
33 3-CH3-2-C,HzO E 233 dec Cl~H12BrN02 C, H, K >250 1 
34 5-CHj-2-CIHzO P 203-205 C12H12BrK02 r 
a A = 11e2C0, E = dry EtOH, IE = i-Pr20, R I  = RIeOH, P = i-PrOH, W = HzO. Not recrystallized. J. W. Baker, J. Chcm. 

SOC., 1148 (1932). 1 L. C. King and G. K. Obtrum, 
J .  Org. Chem., 29,3459 (1964). S .  H. Babcock, Jr., F. I. Nakamura, and R. C. Fuson, J .  Ant. 
Chem. Soc., 54, 4.407 (1932). ? N. Saldobols and S. Hillers, Latv2jao 
PSR Zinatnu Akad.  Vestis, 75 (1959); Chem. Abstr., 53, 17993 (1959). C: calcd, 57.6; found, 57.1. N :  calcd, 4.8; found, 3.4. 
m C: calcd, 53.1, found, 52.4. X:  calcd, 4.6; found, 4.0. 0 C: calcd, 59.0; found, 59.5. p RIinimurn effective dose against 
dubius. 

d J. W. Baker, ibzd., 445 (1938) e F. Krohnke and W. Hefle, Ber., 70,864 (1937). 
0 F. Krohnke, Ber., 69, 921 (1936). 

3. L. Hartwell and S. R. L. Kornberg, zbzd., 68, 1131 (1946). 

Q Active against H. nana a t  250 mg/kg (three daily doses). Not tested. 

1-Methyl-2- [2-(2-thienyl)vinyl]pyridinium iodide (106) was 
prepared in a manner analogous to that described by Wood, et 
al.17c 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 
RIeOH afforded an analytically pure sample, mp 221-224". 
Anal. (C12HlJlrU'S) C, H, N. 

1-Allylpyridinium Hexafluorophosphate (107).-A solution of 
72.6 g (0.6 mole) of allyl bromide, 300 ml of CHCL, and 96 ml 
(1.2 moles) of pyridine was heated under reflux for 2 hr. After 
standing a t  room temperature overnight, the solution was evap- 
orated under reduced pressure, and the residue was dissolved in 
HZO. Treatment of the aqueous solution with 100 ml of 65% 
HPFs caubed 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 (l5%), mp 78-79'. 
Anal. ( C ~ H I O F ~ N P )  C, H, K. 

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 RIeOH: yield 49.1 g (267,), mp 147- 
149". Anal. (Cl2HI2F,?\TP) C, H, N. 

2-Thenoylmethyltrimethylammonium Bromide (log).-Crude 
2-bromoacetylthiophene was prepared from 12.6 g (0.1 mole) 
of 2-acetylthiophene by the method of King and Ostrum.* The 
undistilled product was taken up in 100 ml of CH2C12, and, a t  
- loo,  was treated with approximately 10 g of dry Me&. A 

colorless precipitate was collected after the mixture stood in a re- 
frigerator overnight. The crystalline solid was recrystallized 
from &OH to furnish an analytical sample of 109: yield 10.7 g 
(54y0), mp 233-235'. -4nal. (CgH14BrKOS) C, H, N. 

[2-Hydroxy-2-(2-thienyl)ethyl]trimethylammonium Bromide 
(llO).-In a manner analogous to  the preparation of 1-(2-aryl- 
2-hydroxyethy1)pyridinium salts, 51.1 g (0.193 mole) of 109 was 
reduced by 1.82 g (0.048 mole) of NaBH4 to give 110. After one 
recryst,allization from 1leOH the yield was 23.2 g (457,), mp 
231-232'. Anal. (CsH16BrNOS) C; H, N :  calcd, 5.3; found, 
4.7. 
2-(2-Thienyl)vinyltrimethylammonium Bromide (1 11 ).-A SOlU- 

tion of 1.0 g (0.00376 mole) of 110, 5.0 ml of hcnO, and 5.0 nil 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 1IeOH-i-PrOH to furnish 
analytically pure 111, yield 0.21 g (237 , ) ,  mp 190-192'. Anal. 
(C,HlaBrNS) C ,  H, N. 

2-Thiophenepropionyl Chloride.--il solution of 92.7 g (0.594 
mole) of 2-thiophenepropionic acid, 250 ml of CHnC12, and 76.2 g 
(0.6 mole) of (COC1)Z 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 X,K-dimethyl-2-thiopheriepropionamide (1  12). 

2-Thiophenebutyryl chloride was prepared in  a like manner 
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TABLE VI11 

Kecrs s tn  NED uasq 

N O  RI n? soh  ent  Mp oc Formula Anal) seb m d k g  gi\ en 

86 CH1 H 2-PrOH 167-168 CI2HI2BrKO8 C, H, S >250 3 
37 H 2-CHJ EtOH 211-212 CI2Hl2BrNOS C, H, N >250 3 

99 H 4-CH3 EtOH 239-240 C12Hi2BiNOS C, H, S >500 3 
Sh H 3-CH1 EtOH 219-220 CnHi2BrNOS S ,  C, Ha c 

C calcd, 48.3, foiind, 43 5 .  H: calcd, 4 I ,  found, 3.6. l\Iinimiim efl ective dobe against .\ . dubius.  S o t  tested. 

TABLE IX 

N i ~ : l ) , ~  1)ap 
s<,. 111 H ?  Recrystn solvent Alp, oc I.'orinuIa .iIlal,vses mY:kg uiven 

90" CH3 H i-PrOH 186-1 87 C12Hl4BrNOS C, H, N >.io0 J 

91 H 2-CH3 AIeOH-i-PrOH 190-191 Cl2HIaBrNOS C, H, N >%.XI 3 
92 H 3-CH3 MeOH-i-PrOH 163-164 Ci2H14BrSOS C, H, N >%.XI :3 
93 H 4-CH3 i-PrOH 177-1 79 C12HI4BrNOS H, N ;  C D  d 
Either the threo or erythro isomer; a second isomer was not detected. * C: calcd, 48.0; found, 48.3. 11iiiimiim effective doae 

against, .Y. dubius.  e Not tested. 

TABLE X 

Prep Kecsystn 31El)." Days 
N o .  R1 R2 method S solvent LIP.  " C  Formula .\nalsees ing 'kg given 

94 CH3 H B PF, Rle2CO-C6H14 178-1 80 Ci2HizF6SPS C, H, N >.io0 3 
95 H 2-CH3 B Br MeOH-i-PrOH 188-189 Ci2HiZBrNS C, H, ru' 62 1 
96 H 3-CH3 B Br LleOH-lIe2CO 20.5-206 CI~H~PBI.NS C, H, Pi  > 100 :i 
97 H 4-CH3 B Br i-PrOH 239-240 Ci2HizBrSS C, H, N >2.50 3 
ci Jliiiimum effective dose against, -Y. dubius.  

TABLE X I  

Q (CHJnN(CH,), 

Prep X1ED.h I)ag* 
h-o. iiietiiod 1Zp ( m i r i ) ,  OC I '% itpi P'orIriiiIn \ I la ly*r*  i i d k g  yivpii  

98 1 L 83 (30) 1 . 51.% U C7H1lSS C, H, S >.?I )( ) 1 
99 2 D 99 (27) 1,5139 CsHi3N8 C, H, Pi 300 2 

100 3 E 86 (15) 1.5078 CqHijNS C, H, S >250 3 
101 4 E 47 (0.1)  1. 5ot50 CioHi7NS C, H, S >%O 3 
a H. D. Hartough, S. L. Meisel, E. Koft, and J. M'. Schivh [ J .  .Am. Chem. Suc., 70, 4013 (194911 report bp 60-61' ( 1 0  mrn) a i d  ~ ~ U I J  

1.5188. * Minimum effective dose against &Y. dubius.  

TABLE XI1 

Recrystn Lit. RIED,C Days 
N O .  n solvent Mp, "C Ref Formula Analyses mg/kg given mu. O C  

102 1 EtOH 154-166 152-153 U CsHiJNS I >500 3 
103 2 HzO-EtOH 249-251 236-238 b CgHieINS C, H, S >250 3 
104 3 EtOH 185-186 CioHiaIXS C, H, N >lo0 3 
105 4 Et011 208-210 CiIHJNS C:, H, ?; >2.-,0 :i 

' I  11. U. Hartough, S. L. lIiesel, E. Koft, arid J. W. Schich, J .  ;1m. Chmi .  Sur., 70, 4013 (1948). C;. Btirger atid -4. P. T. h > % J I l ,  

J .  Cheni. Soc., 2100 (1938). e Minimum effect dose against S. dubius.  



froiii 2-lliiopheiiebi~tyric acid, except the product  vas i i o ~  dis- 
tilled but used directly in the preparation of S,S-dimethJ-l-2- 
thiopheiiebutyramide (113). 
N,N-Dimethyl-2-thiophenepropionamide (1 12).-With ice-bath 

c~~oling aiid efficient. stirring, 200 ml of 25Sb aqueous lIe2N11 n-as 
t rrat ed dropwiae with 34.9 g (0.2 mole) of 2-thiophenepropionyl 
i~hluricle. The re~i i l t  irig niixtiire was extracted with two 100-nil 
I)ortioris of EtZO,  aiid the cornbilled extracts m-ere dried (Na~SO,). 
After filteriiig itrid evaporating t'htx ether solution, the residue was 
tliatilled to  fi1rrii.h pitre 112, yield 26.7 g (73(>i), bp 106-108" 
(0.4 n i r r t ) ,  n% 1 ..Me;, (P2; 1.1229; vapor phase chromatography 
shr~wecl this inatei,i:il I O  t x  es.-riit idly 100'i pure. (Cy- 

N,N-Dimethyl-2-thiophenebutyramide (1 13):- --In a like mail- 
iwr 113 %vas prepared from 17.1 g (0.1 mole) (Jf 2-thiophenebutyric 
;wid P ~ ( L  the acid chloride: yield 1 I .9 g (60:; 1, bp 112-117" (0.2- 

12; vapor phtrre chrimatography showed the 
prodiirt k i t h  e-qriiriall?. 100', 1)iiw. . I n d .  ICloII,jNOS) c', 
11, s. 

8-Methylbenzo[u] quinolizinium Bromide (1141. -.I d u t i o i i  i d  
nil of l le() l I  was exposed to su11- 

la).. Thr e s p ~ - e d  .oliil ioli \va* the11 cwiporat,ed to 
low wlitl, yield 14.8 g 199,.j(/ij), nip 19---197°. Alter 
allizatioti~ frorii GI+( )II atid oiie f ro~t i  Et,OlI, cryl;talu 

of pure 114 were obtaiiied: yield 0.8 g (3$;,1, nip 264-263'. The 
iiv spectriirn of 114 agrees with that  reported fu r  the perchlorati, 
sait.'a Anal. (C,JIl2BrS') IT, S,  C: calcd, 61.3; fuiind, 60.8. 

1- (2-Thienylethy1)pyridinium chloride (1 15) \\-a,* prepared 
by the reaction of 2-i2-chlori~ethyI~t hiop1ieiiez2 aiid pyi,idilie. 
See Table SI11 for the physical properties and analytical data. 

..Inal. 
rr,,?;os) (:, r1, s. 

l.-j.(l g (ll.O,5.5 mole) of 66 i l l  

2-Methyl-l-(2-thienylethyl)pyridinium chloride (116) aiid 
1-[2-(3-methyI-2-thienyl)ethyl]pyridinium chloride (117) a-ern  
prepared ii i  a similar maririer from appropriate starting materials. 

2- (2-Chloroethyl)-3-methylthiophene.--X solnt,iori of 3-mcthj-l- 
2-thienylmagnesium bromide was prepared froin 56 g (0.32 molel 
of 2-bromo-:;-niethylthiopheiie arid 12.6 g (0.52 g-at,oni) of .\Ig i n  
400 nil of dry 1q:tL). 'This inixt,iire was treated dropwise over :I 
period of 1 hr with a xulutioii of 195 g iO.83 mole) of 2-cliloroethyl 
I,-toliieiie.iilfuiiste iii 200 nil of Et d) .  After the addition w i t >  

cwinplete, t he  iiiixt,iiw was heated iirider refliix for 2 hr. Thc5 
crude product, was i>dated bh- 3ttLndard techniques, arid wai  
fractionally disfilled i o  furnish :in ( ~ i l :  yield 33.5 g (66',%)> bp 
98--102' (16 rlirii), ti% 1.3620. 'Tliia niaterial is unstable; witli- 
ciiit further c~liaracieiizatii~ii it was iised immediately to preparc' 
117. 
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