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The synthesis of a series of 2-(p-dimethylaminophenyl)-3-methylthiazolium salts is described. Several of 
the compounds with alkyl substituents in the 4 position, or in both 4 and 5 positions, were effective prophy- 
lactic agents in protecting pigs from Ascaris suurn infections. 

As part of a continuing program of structure-activity 
relations among anthelmintics in which two nitrogen 
atoms bearing a single positive charge are linked by an 
odd number of methine groups,' a series of 2-(p- 
dimethylaminopheny1)-3-methylthiazolium salts were 
synthesized and evaluated for anthelmintic activity. 

Chemistry.-The simplest route to the desired com- 
pounds appeared to be the quaternization of 2-p- 
dimethylaminophenylthiazoles. Thus, 2-p-dimethyl- 
aminophenyl-4-methylthiazole (1) (prepared by con- 
densation of p-dimethylaminothiobenzamide and chloro- 
acetone) n-as treated with methyl iodide a t  100" 
(Scheme I). However, both of the possible quaternary 
salts (2 and 3) were formed,2 and recrystallization of 
the mixture from methanol gave pure 2, mp 180-181". 
The thiazolium isomer 3 (mp 213") could not be isolated 
in good yield from this mixture. 

SCHEME I 

(CH3),N+CSNHZ - + CHzClCOCH3 - 
1 

/ J  

2 

The isomeric products were readily distinguished 
by their uv absorption spectra. The thiazole 1 had Amax 
342 mp (400 mp in acid medium); quaternization 
to the anilinium isomer 2 caused a hypsochromic shift 
to A,,, 320 mp, while quaternization to 3 produced a 
bathochromic shift to Amax 383 mp. The shift of 17 
mp observed in passing from the protonated thiazolium 
salt (400 m p )  to the S-methylthiazolium salt (383 mp) 
has also been noted in the analogous benzothiazolium 
compounds3 and is due to the distortion from co- 
planarity caused by the methyl group in the quaternized 
compound. 

The formation of the undesired anilinium isomer as 
a major contaminant (also observed in the quaterniza- 

(1) D. L. Garrnalse, C.  H .  Chambers, J. Kornlossy, a n d  R.  C. RIcCrae, 

(2)  D.  L. Garrnalse and G Y. Paris, Chem Ind. (London), 1646 (1967). 
(3) A.  I Kipriano\ and V. A.  Sirrubovlch, J .  Gen. Chem. L-SSR, 26, 

J .  M e d .  Chem., 10, 897 (1967). 

3215 (1956). 

tion of p-2-(dimethylaminophenyl)-4.5,6,7-tetrahydro- 
benzothiazole) could be avoided by the introduction of 
the 3-methyl group before closure of the thiazole ring. 
The condensation of p-dimethylamino-S-methylthio- 
benzamide (4) with a-halo ketones and a-haloaldehydes, 
usually in refluxing 1-propanol, gave the required N- 
methylthiazolium salts (Scheme 11). 

SCHEME I1 

(CH3)2N&COC1 - 
(CH3)J+CONHCH3 - - - 

( C H 3 ) z N o C S N H C H ,  + R-COCHR' - KI 

I - 
4 x 

R' 
Rq*N(CI-13)Z .I- I - 

CH3 

Compounds 3 and 6-18, listed in Table I, were pre- 
pared in this way from 4 and a-halocarbonyl compounds 
which were either commercially available or prepared 
by standard methods. The reaction proceeds via an 
intermediate which could be isolated in some cases. 
A detailed discussion of the mechanism of this reaction 
will be the subject of a separate communication. 

The parent member of the series, 5 ,  could not be 
obtained directly from chloroacetaldehyde, but mas 
prepared in low yield from a,P-dibromoethyl acetate. 
All of the thiazolium salts had uv maxima in the range 
383-359 mp, except for 11, in which the 4-phenyl sub- 
stituent caused a shift to 397 mp. 

I n  addition to  the thiazolium salts, two 2-thiazolinium 
salts and one dihydro-2-thiazinium salt were prepared 
for evaluation by condensation with dibromoalkanes. 
Reaction of 4 with ethylene dibromide in the presence 
of sodium acetate gave 19. The 4-ethyl analog 20 
(isolated as the perchlorate) and the dihydro-2- 
thiazinium salt were prepared by analogous reactions 
with 1,2-dibromobutane and 1,3-dibromopropane. 

4 + BrCHzCHZBr E+NMeZ - 
.I- I 

CH3 
19 

The quaternized thiolimidate 23 was prepared as 
a n  open-chain analog of the thiazolium salts to deter- 



I I I 

\r I I 
NMeL Nhl? 

22 23 
(X,,,335 mp) (X,,,XYG mp)  

NHCH, CII,S, /KCH - 

I 
NMe. M l e  

h,,,335 mp) 24 
(Xm,,29Cri mp) 

the thinzolium saltb, hon-ever. 23 c ( ~ ~ l d  be iiieth) lntcd 
further to the  diyuateniary ialt 25. The cliquatcriiar! 
d t ,  which wa. a 1 ~ )  prepnretl from 4 1 / a  tho Inter- 
medi:try thiolbenzimidnte 24, u ns readd? hydrol) zed tc) 
yield the thiolbenzoic ester 26. 

l?iiiallj-, two thinzollum d t -  i t  ith ?-(p-xtis) 1) 
dis t i tuents  (27a and 27b) 17 ere pyxi red  1)) itatidnrcl 
mcthods to  determine whether or licit the p-dlmcth> 1- 
:iniitio groul) \V:IY c+ietiti:il for :iiitlirlniit t ic  :ict ivt t l  

I 
K 1  
2 7 a , R = C H I  

b . R = C H  

Biological Results.-The compc~unds \\ ere screened 
i I I  i t i :dl v for nc t ivi t j. agai I i i t Nemat ospziv ides du bz US 
:tiid ,Iscai I S  suum in mice :md against a number of 
gaitrotritestiri:L1 nematodes i n  lambi. There na. no 
activity against N. dubius. T n o  compoundi, 3 (111 = 

4io1rcd activity against the iheep parasites. Homver. 
most of the rompouiitls \wre very zictive agairiit . I .  
suum i n  mice, and this led t o  :I htudy of their pro- 
ph> hetic effectiveneii in protecting swine from thli 
p:ir:l4te. The results are listed in Table 11. 

A number of thiazolium halti were found to he highly 
effcctive in protecting pigs from A ,  suunz infections, n i  
c.videnced b) the virtual iibieitcc of larvae in the lung<, 
arid the reduction of liver le4oiiY and lung damage a i  
compared with the unmedicated controls. The uti- 
-uhitituted thiazolium d t  5 wni moderately active. 
:tiid alkvl iiibstituti~ii i t i  t h c x  4 arid 5 positions teridetl 
t o  iiicreahe the nctivit) coii+iderahlj-. The most active 
 compound^ were 9 :\nd 13. 

The two thiazolinium compoundh 19 and 20 n-erc. h i t  11 
vcrx :ictive in mice, h u t  19 x i 3  oily moderately nc t i \v  

L ,  1 I  staudlnge, anll ?, I\<,Il I i , , l l r r  Llt',l!J\ I I i t 1  C'huln  384 i s  11'111 

CI-I?, 1iL = H) and 16 (111 = CHj. R, = ~ - C I H ~ ) ,  
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TABLE 1: ~ - ( ~ - L ) I ~ t ~ ' l . € I ~ L . \ ~ I S f ) P ~ ~ ~ S ~ I ~ ) - ~ - h ~ E ' l . H ~ L T H l . \ ~ O L I ~ M  I O D l U E  

RRqb / -  N(CHdi 
CH, I 

l i e l d ,  haax. 
KO. Starting ketone Ri R? M I ? ,  " C  cia 11111 ~ o r i n u ~ a ~  

3 CH,COCH,CI C I T 3  €1 213 dec .j S 383 Ci3HiiIN2S 
1 a H H 220 dec 10 387 Ci2HijIh2b 
6 CI-T~COCHBYCH~ C Hs CH, 229 dec .i 1 383 Ci:HigIX,S 
7 CII,CICO( CH,),CH, n-CsHi II 19s 39 384 C I ~ H ~ I I N ~ S  
S CHZCOCHBrCZHj CH, CJI, lq54-l.j6 dec 22 383 CijH2iIS2S 
0 CH3CHBrCOC2H: C,Hj C Ha 203 dec 30 386 CijH21ISZS 

10 C2H;COCHBr(CH2)2CH3 CZHj n-C3Hi 149 dec 48 CI~H~JNPS 
11 C6H,COCHBrCH3 Cfi1-I; CH, 1.59-160 64 397 CIgH,iIN,S 
12 CH,COCHBrCH(CI13), CH3 i-CaII; 1% dec 31 3x9 Cl,H,31iL',S 

5 8 383 CisH,iINg8 

14 (CH2)jCOCHBr (CH,), 190 dec 21 C I ~ H ~ J N ~ S  

1 .i CII,BrCO(CH,),CI-I3 n-CjIII1 H 134 33 385 C17H?:IN?8 
16 CH3COCHBr(CH~)3CH~ CH, n-C4H9 120 70 CliH2JS2Q 
17 CnHjCHBrCO(CH2)sCH, n-C3117 C2H; 12.5 28 CnH2jIiL'\;,S 
18 CH3COCHBr(CH2)iCII3 CH, n-CsHii 102 26 388 C,iH,JN,S 

1:: (CH2)dCOCHCl ( C H Z ) ~  223-224 dec 
L---J 

L - 2  

t i  See Experinieiital Section. All compouids analyzed satisfactorily for C, H, 1, S, 8, except compoiuid 3 which was analyzed o111g 
for C, 13, s. 

TABLE I1 

.\G.\INST Ascai,is S I L I I V ~  I N  MICE .\ND IN S ~ V I X E  
THIAZOLJCM &\LW .\SD h L . \ T E D  C O M P O K N D S .  LkC'I.IVITY 

---daca~is suum--- 
I n  inice" I n  swineb 

.\cute toxicity in mice, lung Liver Larvae 
LDjo, mg/kg lesions, lesions, in lungs, 

h-0. I P  Oral cia redn c/a redn % redn 

3 30 
> 1 3 5 0 90 0 80 
6 7 , .i 3 0 80 90 99 

7 . 5  50 70 9 5 99 7 
8 1 i d  

9 10 100 80 99 100 
LO 3 50 100 99 $1 9 
I1 7 .i 750 70 20 70 
I% 1 .io 1500 30 0 10 
I 3 1 i r) 100 99 100 

30 130 60 
1 ,i > i .) 80 90 100 
14 

16 20 
17 100 1000 40 0 0 
18 10 150 70 
10 10 5 0 80 0 5 0 
20 7 . 5  i .I 90 30 95 
21 1 3 7 .i 40 
2 3  20 100 20 

20 2 7 4  I !I I .IO 
27-b 3 0 500 20 

'6 A dose of 10 mg/kg was administered orally to each of three 
mice, followed by the administration of an infection of lo4 
enibryoiiated Ascaris muin eggs. A secoiid dose of 10 mg/kg 
was administered 4 hr later. After 8 days the mice were sacri- 
ficed arid the extent of lung lesions was determined by gross ex- 
amiiiatiori of the I~~rigs for the iiumber and size of hemorrhagic 
areas diie to the migratioii of the Ascuris  larvae. The table lists 
the percentage reduction iii lung lesions of the treated animals as 
compared with the iinmedicated coiitrolb. * The test conipounds 
were administered at a level of 0.01% in feed for a period of 10 
days to two pigs in concrete-floored pens. An infection of 1oj 
embryonated Ascaris suum eggs was administered 3 days after 
the start of the inclusion of the test compound in the feed. The 
animals were sacrificed after 10 days. The percentage reduction 
in liver lesions due to migrating Ascaris  larvae in treated animals 
:is compared with controls was determined by counting the small 
white scars ("milk spots") fouiid oil the surface of the liver. The 
procedure used to determiiie the number of larvae in the lungs 
of the pigs was based on the method described for mice by I). K. 

(Ph.11. Thesis, Uiiiversity of Wisconsin, Jladisori, FVis., 
1962). 

- -  
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isomer (A,,,, 320 mp) over the thiazolium isomer (13) (A,,,,, 
385 mp). 
p-Dimethylamino-N-methylthiobenzamide (4).-A solution of 

?\le"% (14 g, 0.45 mole) in CHC13 (100 ml) was added to p-  
dimethylaminobenzoyl chloride3 (13.4 g, 0.073 mole) ili CHCI, 
(100 ml) at 20", and the solution was allowed to stand at room 
temperatiire. The solution was filtered and the filtrate was 
washed (H20),  dried, and evaporated. The residue was crystal- 
lized (CsH6), giving p-dimethylamino-N-methylbenzamide, mp 
134-136", yield 9.5 g (737,). Anal. (CIOHIIN~O) C, H, N. 
p-Dimethylamino-?;-methylbenzamide (70.0 g, 0.43 mole) was 

added to P2Ss (24.2 g, 0.11 mole) in pyridine (150 ml) and the 
solution was refluxed for 1 hr. Dilution with ice and H 2 0  gave 
the crude product, mp 183-185', yield 75.0 g (90%). liecrystal- 
lixation from EtOH raised the melting point to 188-190°, A,,,, 
333 mp. Anal. (CloH14S,S) C, H, N, S. 

2-(p-Dimethylaminopheny1)-3,4,5-trimethyIthiazoIium Iodide 
(6).-A solution of 4 (19.4 g, 0.10 mole) and 3-bromo-2-butanone 
(15.1 g, 0.10 mole) in n-PrOH (100 ml) was heated on the steam 
bath for 5 hr. The solution was evaporated under reduced 
pressure,and the residue was extracted (hot H,O). Addition of 
KI (20 g) to the aqueous extract gave t'he product (19.4 g, 515; 
yield), mp 220" dec. Recrystallization ( JleOH-Et20) raised 
the melting point' t o  229' dec. 

The other compounds listed in Table I were prepared in the 
same way. 

2-(p-DimethyIaminophenyl)-3-methylthiazolium Iodide (5).- 
Br2 (120 g, 0.75 mole) in CHCl3 (100 ml) was added to vinyl 
acetate (64.5 g, 0.75 mole) in CHC13 (50 ml) at -40" during a 
2-hr period. The solution was allowed to st,and at  room tempera- 
ture for 1 hr and was then evaporated to dryness under reduced 
pressure. The residue of a,p-dibromoethyl acetat'e was dissolved 
in EtOH (60 ml) and p-dimethylamino-N-methylthiobenzamide 
(19.4 g, 0.1 mole) was then added. The solution was refluxed 
for 45 min, and the solvent was evaporated. The residue was 
extracted (EtzO), and the ether extract was discarded. The 
residue was then extracted with HrO, and the product was precipi- 
tated out of the aqueous extract' by addition of KI. Repeated 
recrystallization (MeOH-EtOAc) gave pure 5, nip 220" dec, 
yield 3.5 g (10%). 

2 4  p-Dimethylaminophenyl )-3-methyl-2-thiazoIinium Iodide 
(19).-A solution of 4 (9.7 g, 0.05 mole) and ethylene dibromide 
(10 g, 0.OC53 mole) in methyl Cellosolve (15 ml) was refluxed for 
15 min. NaOAc (4.1 g, 0.0j mole) was added, and the refluxing 
was continued for 30 min. The mixture was evaporated to dry- 
ness under reduced pressure, and the residue was part,itioned be- 
tween HzO (100 ml) and Et20 (100 ml). KI (17 g) was added 
to the aqneoiis layer, giviiig the prodiict, mp 185-187.Ao (from 
EtOH), yield 7.5 g (43%), A,,,, 382 mp. Anal. ( C I P H I ~ I N ~ S )  
C, H, I, N, S. 

2-p-Dimethylaminophenyl-3-methyi-4-ethyl-2-thiazo~inium 
Perchlorate (20).-A solution of p-dimethylamino-K-methylthio- 



t)enzsinide (1!).4 g, 0 . 1  inole) and l,.'-dibl.iJiiiobrittlrie (21 . t i  g, 
0.01 mole) in ethosyethanol was reflrised for 1 hr. N:rOA(a (8 .2  
g, 0.01 mole) was added and the reflrixing was cwitiiiiietl flJr I hr. 
Lther ( 5 0  nil) mid W 2 0  (200 ml) viere added and t h e  riiirewtrd 
t hio:iniide was filtered. The aqiieoiih extract wis  t rested \villi 
SaCI04 (5.0 g) t~ give t tie prodiii,t a- the perchlot,:rt r salt, n ip  
I4!)--l.il O ,  yield 7.0 g (28"; h s e d  o i i  iuirec.iivei,eti thioarnitica I .  

2 4  p-Dimethylaminopheny1)-3-methyl-4H-5,6-dihydro- 1,3- 
thiazinium Iodide (21).-The thioaniide was treated with I>:;- 
(1it)rc)nioplopane and SaO.ica in et tiox)-ethniol as described atjovcl. 
KI \vas added to  the aqiieoiis solittion of the bromide salt l o  give 
the iodide, mp 21;3-214.5' i f i w m  EtOlr) i t t  26"; yield, A,,,.,, : IT ; :  
nip. 

S-Methyl-N-methyl-p-dimethylaminothiolbenzimidate (24 ).---- 
.-I -oliitioii of 4 (1.0 g, 0.01 mole) : ~ i d  1teI  (1.42 g, 0.01 mole) in 
lIeOI1 (10 nil) wis reflrised for  1 hi,. The solrition 1va3 evapo- 
i,:itcd, :mil the residiic. was esti,ac*tctl (1120). .kdditioii of  S a I f C O l  
to t t i r i  aqrieoris rsti'act gave 24, nip 76-77", >,ieltl 0.7 g (;j4(' 1, 

p-Dimethylamino-N,N-dimethylthiobenzamide (22).--.i w l i i -  
li)lamiiic,-S,S-din~e~ hylbetizamide' i l i . 5  g, l) . (JO 

i.i.6 g, 0.02.i nicllr) i t 1  100 nil pyridine \vas re- 
i i i i .  The pridriiat was isolated by dilutirig the 

A,,,,,, ;I86 11ip. ,Ind. iC!14IIpiC1S~O49) C, 11, CI, N, S. 

&lna/ .  ~cl~lll~,Ix2~) c;, El, I, X! s. 

A,,,,,, 20.5 Inpl. A t t z c l / .  ( c ~ ~ H ~ ~ N ~ ~ : )  c, r i ,  s-, s. 

i w c t  i o i i  rtiixtiire with ice-watei.aiid rec>rystalliziiig I 
froin lleOI1j nip 103-104", yield 11.5 g (61'; ), A,,,,, 
. I / / O / ,  (('lllIlJ?8) C) 11, 1, s. 

S-~~ethyI-N,N-dimethyl-p-dimethylaminothiolbenzimidate Io- 
dide (23L-A sitsipension of p-diniethylamino-N,N-dimethylthio- 
1mix:imide (3.1 g, 0.01 mole) in Et20 (20 ml) \?-as treated with 
t'si'eas 1IeI (;3 ml). The soliition became c1 
t h u i i  heparated oiit rapidly as an oil which ( 

IVc have observed consistent but rather iveali anti- 
iriflammatory activity amoiig many simple dialkyl- 
aminoalliylureas. Aittempts to iricrea-e thi-- activity 
have involved the preparation of variouy cyclic de- 
rivatives of these compoundi. Our first approach in- 
volved the syrit hehii of ureas derived from tricyclic 
miinch ( J f  the type 1.' These derivative< were al--o 

I I 
CONHCH2CH2NR'R" CH2CH2NRR" 

I I1 

:icttvc, t i \  :iiitiiiiflnnimator~~ agelit< but the poteiicie- 
(lid iiot approach itii acceptable level. Aho the r  type of 
cyclic derivative TI, the 3-phenyl-1-dialkylamirioalkyl- 
3 ,-I-dihydro-2( lH)-yuiiiazolinorie,,  as investigated arid 
the l e d  cornpourid\ exhibited more potent antiin- 
flaiimatory activity. large number of compound5 
w c w  t hcti syrithe--izcd iricludirig the i.;omeric 3-dialliyl- 
:~miriowll;yl-X,l-dih~~r~-~(lH)-quiiiazoli~io~ies, : i d  

their ~~ntiiriflarnmatory activity was investigated. .4 
st itiiulii\ to t his \I orl, t h c  fact that 3-phenyl-3,l- 

I )  \\ I ( o i n p d r i i l  I \\ ( u > I ( ,  J l l c r i  f' irtin 10, i l l  (1'JbTl 

cli~iydro-"lH)-c~innazolirioric \va- the oidy coinpouiitl 
of thiq type previously reported in the literature.' 

The 5-wbstitutrd :3,l-diIi~dro-2(1H)-~~uiri:izolinoiit~s 
\I ere byritheiized czu ring closurc of the :ipproprintc 
diamine either with pho.;gcne (method 15) or with 1,l ' -  
cnrhoiiSldiiniidazole (method I:) ;I- -ho\vii in Chart I 

( I i  \I{ I 1 

I 
H 

I 

R '  
r ,  1 he ring closiirc~ with phobgerie  tis carried out by t l l r  

addition of :i iolutioii of phosgene in toluenc to a solu- 
tion of the diamine followed by reflux. The yieldb i r i  

thih reaction were u,ually low xiid the product-- dif- 
ficult to purify. 111 rontrnst, refluxing an ecluiniolar 
quantity of the diamitic with l,l'-carbonyldiirnid~~zole 
i n  THE' giii-c ; i n  excellent yield of the c~~iirixzoliiioiir~. 
in inany c:ihei aiialytically pure. Alkylatiori.; of  t ho 


