November 1968

ANTHELMINTIC THIAZOLIUM SALTS

Anthelmintic Quaternary Salts. II. Thiazolium Salts

D. L. Garvaisg, C. H. CHAMBERS,

Abbott Laboratories Ltd., Monireal, Quebec, Canada

AND R. C. McCrax

Department of Parasitology, Abbott Laboratories, North Chicago, Illinots

Received April 29, 1968

The synthesis of a series of 2-(p-dimethylaminopheny!)-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 suum infections.

As part of a continuing program of structure-activity
relations among anthelminties in which two nitrogen
atoms bearing a single positive charge are linked by an
odd number of methine groups,! a series of 2-(p-
dimethylaminophenyl)-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) was treated with methyl iodide at 100°
(Scheme I). However, both of the possible quaternary
salts (2 and 3) were formed,? 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 vield from this mixture,
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The isomeric products were readily distinguished
by their uv absorption spectra. The thiazole 1 had Ay,
342 myu (400 mp in acid medium); quaternization
to the anilinium isomer 2 caused a hypsochromic shift
t0 Amax 320 mu, while quaternization to 3 produced a
bathochromie shift to Agax 383 mu. The shift of 17
mu observed in passing from the protonated thiazolium
salt (400 my) to the N-methylthiazolium salt (383 my)
has also been noted in the analogous benzothiazolium
compounds® 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. Garmaise, C. H. Chambers, J. Komlossy, and R. C. McCrae,
J. Med. Ckem., 10, 897 (1967).

(2) D, L. Garmaise and G. Y. Paris, Chem. I'nd. (London), 1645 (1967).

(3) A. I. Kiprianov and V. A. Shrubovich, J. Gen. Chem. USSR, 26,
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-N-methylthio-
benzamide (4) with a-halo ketones and a-haloaldehydes,
usually in refluxing l-propanol, gave the required N-
methylthiazolium salts (Scheme IT).
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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 was
prepared in low yield from «,8-dibromoethyl acetate.
All of the thiazolium salts had uv maxima in the range
383-389 my, except for 11, in which the 4-phenyl sub-
stituent caused a shift to 397 mp.

In 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.

S
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The quaternized thiolimidate 23 was prepared as
an open-chain analog of the thiazolium salts to deter-
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mine the importanee of the thiazole ring in determining
anthelmintie activity. It was prepared by cautious
treatinent of 224 with methyl iodide.  The site of
quaternization of 23 wax apparent from its uv spee-
trum, which, with Ay 386 mu, corresponded exactly

D). L. Garmase, C H. CHaMiERs, axp R, (.
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and 20 wax inaetive in pigs. The dihvdrothiaziniun
dertvative 21 wax inactive. nx was the guaternized
throlimiduate 23, Replacement of the p-dimethylunino
group by methoxy! caused the elimination of aetivity,
No aetivity wuas shown by unqqumternized  2-(p-di-

to the thinzohnm isomers listed i Table 1. Unlike methyvhmmophenyvhthinzoles,
N(CH,), a1 Q N
SNV (CHY), CHS_  _N(CH,).
o N
-
—
] \ CHS\C/\((H), CHS\/O
NMe, \Me. 1 ¢
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x 25 26
— l P (N may 265 M)
NMe, NMe.
()\max335 mu) 24

()\mﬂx295 mu)

the thiazolium salts, however, 23 could be methylated
further to the diquatermary =alt 25. The diquaternary
salt, which was also prepared from 4 #i/a the inter-
mediary thiolbenzimidate 24, was readily hydrolyvzed to
vield the thiolbenzoic ester 26.

Finally, two thiazolium salts with 2-(p-anisyl)
substituents (27a and 27h) were prepared by standard
methods to determine whether or not the p-dimethyl-
amino group was essential far anthelmintic activity.

[—s
Iﬁ)—@—om{;
R

27a,R = CH,
b,R=CH,

Biological Results.—The compounds were screened
initially for activity against Nematospiroides dubius
and Ascaiis suum i mice and against a number of
gastrointestinal nematodes in lambs.  There was no
activity against N. dubius. Two compounds, 3 (R; =
CI‘IB} 1{2 = H) and 16 (R] = CHJ‘ Rg = ’n-C.;Hg)}
showed activity against the sheep parasites. However,
most of the compounds were very active against A,
suum in mice, and this led to a study of their pro-
phylactic effectiveness in protecting swine from this
parasite. The results are listed in Table II.

A number of thiazolium salts were found to be highly
cffeetive in protecting pigs from A. suum infections, as
evidenced by the virtual absence of larvae in the lungs,
and the reduction of liver lesions and lung damage as
compared with the unmedieated controls. The un-
substituted thiazolium salt § was moderately active,
and allkyl substitution in the 4 and 5 positions tended
to increase the activity considerably. The most active
compounds were 9 and 13.

The two thiazolinium compounds 19 and 20 were both
very active 1 mice. but 19 was ony moderately aetive

1 I Stauwdinger and N, Kon, Jishes Liewgs Ann. Cliem,, 384, 38 (1011,

The minimum structural requirements far activity
in the =cries may therefore be represented by 28;
the experimental observations were limited to cases in
which R = R = R” = CH,.
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Experimental Section®

p=(4-Methyl-2-thiazolyl)phenyltrimethylammonium Iodide (2).
—A xolution of p-dimethylaminothiobenzamide (prepared by the
general method of Taylor and Zoltewicz¢) (1.8 g, 0.01 mole) and
chloroacetone (1 g, 0.01 mole) in EtOH (20 ml) was refluxed for
2 hr. The sohition was evaporated and the residue was extracted
(H,0, 150 ml). The aqiecus extract wus basified and extricted
(Et;0): the ether extract was evaporated and the residie wis
erystallized from petroleum ether (bp 30-60°) giving 2-(p-
dimethylaminopheryl)-4-methylthiazole,” vield 1.0 g (4643,
Amax 342 my; sulfate salt in MeOH, Ayax 400 mu.

The thiazole (0.8 g) was heated with Mel (5 ml) ar 100° for
30 min. The residne, mp 175~180°, gave two spots on te il
had 1v absorption maxima at 302 and 383 mu.  Crystallization
from MeOH gave the pure isomer 2, mp 180-181°, Npax 302 nig,
vield 1.0 g Anal. (CHEINSY €, T, 8: N:o ocaled, 7.78:
found, 7.18.

2-p-Dimethylaminopheny!-4,5,6,7-tetrahydrobenzothiazole.--
p-Dimethylaminothiobenzamide was condensed with 2-chloro-
evclohexanone as described above to give the thiazole, mp
142-143° (from MeOF), in 889 yield, Amax 344 myu; sulfate,
Amax 406 mu.  Anal. (ColsNsS) C, H) N, S,

Methylation of the product yielded a mixture of isomers, the
nv spectrim of which indicated a preponderance of the aniliniurc

(5) Melting points were taken on a Thomas—Hoover melting point ap-
paratus and are corrected. ['v spectra were determined in MeOH using a
Beckman DB spectroplivtonieter,

6) E. C. Taylor and J. A, Zoltewiexr, J. Amer. Chem. Soc¢., 82, 2050
(1960).

(T F. Asinger, M. Thiel, and K. Gewald, Jastus Liehigs e Chem
639, 133 (1961).
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TABLE [: 2-(p-DiMETRYLAMINOPHENYL)-3-METHYLTHIAZOLIUM IODIDE
R ] @,
T N(CHy),
CH,; I@
Yield, Amax,

No. Starting ketone R R Np, °C % g Formula®
3 CHSCOCHgCl CI{g }I 213 dec A’)R 383 C13H17IN2S
D a H H 220 dec 10 387 C12H151N2S
(§} CI{sCOCHB]'CI{s CHJ CHJ 229 dec )l 383 Cl‘,ngINZS
7 CIIQClCO(CHz)gCHs 7L'C3H7 II 195\ 39 384 C(:,HleNzS
S CHSCOCHBngHQ CHJ C_!I{, 134—1—)6 de(‘ 22 383 C10H21IN28
9 CHsCHBI‘COCgH) CzI’I:, CHS 203 dec 3 386 Clg,HglINgS

10 CZH‘,COCHBI‘(CHz)gclis C2H5 7L-C3}I7 149 dec 48 C17H251N2S
11 CSH‘;COCHBI‘CHs CsI’I,} CHs 156-160 04 307 C1gH21Il\v2S
12 CH;COCHBrCH(CHj). CH; i-CyH< 135 dee 31 389 CisHuINSS
13 (CLH2)4COCI‘IC1 (CHa)s 22:3-224 dec 58 385 CisHuINS
1
14 (CLH_!)SCOC’HBI (CH;)‘, 190 dec 21 C17H231Ngs
15 CH_!B]CO(CHz)‘;CI’I.j 7L-C5I‘Iu H 134 33 385 C(7}{‘151NZS
16 CHsCOCHB](CHz)s(jI{d CH3 7L-C4I{g 120 70 CnI‘Ig;,INzS
17 CZH‘,CHBICO(CHZ)gCHs 7L-C31{7 CzH(, 12’) 28 i Can:,INgS
18 CI{sCOCHB](CH2)7CI{3 CH3 7L-CgH17 102 26 1588 C21H331N2S

+ See Experimental Section.
for C, H, N.

TasLE 11
THiazoLitM SaLrs AND ReLatep CoMpoUNDsS.  AcTIvVivy
AGAINST Ascards suum 1IN MICE AND IN SWINE

— Ascaris suum

—_

b

In mice* In swine
Acute toxicity in niice, lung Liver Larvae
LD;, mg/kg lesions, lesions, in lungs,
No. Ip Oral % redn %, redn % redn
3 30
D 15 50 90 0 80
6 7.5 50 80 90 99
7 7.5 50 70 95 99
8 5 75
9 10 100 80 99 100
10 3 50 100 99 99
11 75 750 70 20 70
12 150 1500 30 0 10
13 B 75 100 99 100
14 30 150 60
15 3 75 80 99 100
16 20
17 100 1000 40 0 0
18 10 150 70
19 10 50 80 0 50
20 7.5 75 90 30 95
21 15 73 40
23 20 100 20
27-a 75 750 20
27-b 5 500 20

« A dose of 10 mg/kg was administered orally to each of three
mice, followed by the administration of an infection of 104
embryonated dscaris suum eggs. A second dose of 10 mg/kg
was administered 4 hr later. After 8 days the mice were saecri-
ficed and the extent of lung lesions was determined by gross ex-
amination of the Inngs for the number and size of hemorrhagic
areas dile to the migration of the Ascaris larvae. The table lists
the percentage reduction in lung lesions of the treated animals as
compared with the inmedicated controls. ® The test compounds
were administered at a level of 0.019 in feed for a period of 10
days to two pigs in concrete-floored pens. An infection of 103
embryonated Ascaris syum 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 A scaris larvae in treated animals
us compared with controls was determined by counting the small
white scars (*‘milk spots’’) found on the surface of the liver. The
procedure used to determine the number of larvae in the lungs
of the pigs was based on the method described for mice by D. K.
Haas (Ph.D). Thesis, University of Wisconsin, Madisou, Wis.,
1962).

b All compounds analyzed satisfuctorily for C, H, I, N, S, except compound 3 which was analyzed ouly

isomer (Amax 320 mu) over the thiazolium isomer (13) (Amax
383 mu).
p-Dimethylamino-N-methylthiobenzamide (4).—A solution of
MeNH; (14 g, 0.43 mole) in CHCl; (100 ml) was added to p-
dimethylaminobenzoyl chloride? (13.4 g, 0.073 mole) in CHCl;
(100 ml) at 20°, and the solution was allowed to stand at room
temperature. The solution was filtered and the filtrate was
washed (H,0), dried, and evaporated. The residue was crystal-
lized (Ce¢Hs), giving p-dimethylamino-N-methylbenzamide, mp
134-136°, yield 9.5 g (73%). Anal. (C,oH1sN,0O) C, H, N.
p-Dimethylamino-N-methylbenzamide (70.0 g, 0.43 mole) was
added to P»S; (24.2 g, 0.11 mole) in pyridine (150 ml) and the
solution was refluxed for 1 hr. Dilution with ice and H,O gave
the crude product, mp 183-185°, vield 75.0 g (909,). Recrystal-
lization from EtOH raised the melting point to 188-190°, Amax
335 mu. Anal. (CHLN,S) C, H, N, 8.
2.(p-Dimethylaminophenyl!)-3,4,5-trimethylthiazolium 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 3 hr. The solution was evaporated under reduced
pressure,and the residiie was extracted (hot HyO). Addition of
KI (20 g) to the aqueous extract gave the product (19.4 g, 515
vield), mp 220° dec. Recrystallization (MeOH-Et,0) raised
the melting point to 229° dec.
The other compounds listed in Table I were prepared in the
same way.
2-(p=-Dimethylaminopheny!)-3-methylthiazolium Iodide (5).—
Bry (120 g, 0.75 mole) in CHCl; (100 ml) was added to vinyl
acetate (64.5 g, 0.75 mole) in CHCl; (50 ml) at —40° during a
2-hr period. The solution was allowed to stand at room tempera-
ture for 1 hr and was then evaporated to dryness under reduced
pressure. The residue of «,8-dibromoethyl acetate 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 (Et;0), and the ether extract was discarded. The
residue was then extracted with H:O, and the product was precipi-
tated out of the aqueons extract by addition of KI. Repeated
reerystallization (MeOH-EtOAc) gave pure 5, mp 220° dec,
vield 3.5 g (109;).
2-(p=-Dimethylaminopheny!)-3-methyl-2-thiazolinium Iodide
(19).—A solution of 4 (9.7 g, 0.05 mole) and ethylene dibromide
(10 g, 0.033 mole) in methyl Cellosolve (15 ml) was refluxed for
15 min. NaOAc (4.1 g, 0.05 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 partitioned be-
tween H,O (100 ml) and Et;O (100 ml). XI (17 g) was added
to the aqueous layer, giving the prodiet, mp 185-187.5° (from
EtOH), yield 7.5 g (439), Amax 382 mu. dnal. (CaHi:IN:S)
C,H, I, N, 8.
2-p-Dimethylaminopheny!-3-methyl-4-ethyl-2-thiazolinium
Perchlorate (20).—A solution of p-dimethylamino-N-methylthio-
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benzamide (19.4 g, 0.1 mole) and I,2-dibromobutune (21.6 g,
0.01 mole) in ethoxyethanol was refluxed for 1 hr. NaOAc (8.2
g, 0.01 mole) was added and the refluxing was continued for 1 hr.
Lither (50 ml) and H,O (200 ml) were added and the unreacted
thionmide was filtered. The aqueonx extract was treated with
NaClOy (5.0 g) to give the product ax the perchlorate salt, rap
149-151°, vield 7.0 g (284 based on tmrecovered thioamide),
Noax 486 mu.  Anal. (CH,CIN,08) C, H, Cl, N, S,
2-(p=-Dimethylaminopheny!)-3-methyl-4H-5,6-dihydro-1,3-
thiazinium Iodide (21).—The thioamide wuas treated with 1,3«
dibromopropane and NaOAc in ethoxyethanol as described above.
KI was added to the aqueous solution of the bromide =alt to give
the iodide, mp 213-214.5° (from EtOM) i1c 26¢; yield, Aoy 973
mu. Anal. (CeHuINGR) C, H, I, N, S
S-Methyl-N-methyl-p-dimethylaminothiolbenzimidate (24).—-
A solntion of 4 (1.9 g, 0.01 mole) and Mel (1.42 g, 0.01 mole) in
MeOH (10 ml) was refluxed for 1 hr. Tlhe sohition was evapo-
rated, and the residue was extracted (I1:0).  Addition of NaliCt)y
to the aqueous extract gave 24, mp 76-77°, vield 0.7 g (347 5
Mrax 295 mu. cAnal. (C(HieNpS) C, H, NS,
p-Dimethylamino-N,N-dimethylthiobenzamide (22).—A =olu-
tion of p-dimethylamino-N,N-dimethylbenzamide! (17.5 g, 0.09
mole} and PaS: (5.6 g, 0.025 mole) in 100 ml pyridine was re-
fluxed for 40 min. The product was isolated by diluting the
reaction mixture with ice—water and recrystallizing the precipitate
from MeOTII, mp 103-104°, vield 11.5 g (610), Auax 335, 236 mu.
Anal, (C,(HeNS) C, 1T, N, S,
S-Methyl-N,N-dimethyl-p-dimethylaminothiolbenzimidate Io-
dide (23).—A =uspension of p-dimethylamino-N,N-dimethylthio-
benzamide (2.1 g, 0.01 mole) in Et,0 (20 ml) was 1reated with
excess Mel (3 ml). The solution became clear, und the produet
then separated out rapldly as an oil which erystallized on stand-

W. E. Coyne anp J. W. Custic

Vol. 11

g, vield 3.4 g (9790, 1ap 120° doe. A 386, 265 1ap. . tnal.
(CpHWINGS) C UL I, N, S

Diquaternary salt (25). (a)} The thiolbenzimidaie 124) (0.4
g, 2.2 mmalex) was dissolved in excess Mel (3 ml) and the sohition
was allowed to stand overnight.  Evaporation of the =olution
gave o quuditative vield of 25, mp 210° ivigarous decomnposis
1010, Ay 2065 Mg,

(b)  The monogaaternary salt (28) (1,35 g) was reflaxed with
Mel 5 ) in MeOII (5 mi) for 15 min.  Lvaporation of the
sohttton gave the xame product (0.45 g}, mp 210° dee.  .tnaf.
(Celal NS CO 1L I N caled, 5.69; found, 6.27.

A sumple of the diquaternary salt was dissolved tic 1.0 wt
room temperature. The solution was filtered after 1 hr, and the
filirate was cancentrated nnder reduced pressure, giviig -

metlivl  p-dimethivlaminothiolbenzoate methiodide (26), mp
174-176° ifrom MeOH-Et:0).  Anal. (C(IEEINOS) € H, I
N, X

2-( p-Anisyl)-3,4-dimethylthiazolium lodide (27a).--2-( p-Ani-
svD-4-methyithinzole mp 35-57°, was heated with excess Mel
ilc o pressure botrle at 100° tor 1 hr. The solid residie was
crvstallized front MeO1ll-E(:0 to a melting point of 1890-192°
vield 5100 M 306 mu. el (CollL INOSY C, H, I, N, O, X

2-(p=Anisyl)-3-ethyl-4-methylthiazolium Iodide (27b).—The
thinzole described ahove wuax heated with Etl ire n pressure hoitle
at 100° for ¢ hir, giving the produet, 1ap 194-196° (from EtOH),
i1 49C vield, Naax 306 mp.  Anal. (CoHRGINOS)C, H LN, O, %
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A series of 1- and 3-aminoalkyl-3,4-dihydro-2(1H )-quinazolinones was synthesized aud the antiinflanaatory

activity investigated.
animal models of inflammation.

We have observed consistent but rather weal anti-
inflammatory activity among many simple dialkyl-
aminoulkylureas. Attempts to inerease this aetivity
have involved the preparation of various cyeclic de-
rivatives of these compounds. Our first approach in-
volved the synthesis of ureas derived from tricyclic
amines of the type I.! These derivatives were also

Qo ce=¢

|
CONHCHZCH?NR/RN CHZCHZNR/RN

[ II

active as antiinflammatory agents but the potencies
did not approach an acceptable level. Another type of
eyclic derivative 11, the 3-phenyl-1-dialkylaminoalkyl-
3,4-dihydro-2(1H)-quinazolinones, was investigated and
the lead compounds exhibited more potent antiin-
flammatory activity. A large number of compounds
were then synthesized including the isomerice 3-dialkyl-
aminoalkyl-3,4-dihydro-2(1H)-quinazolinones, and
their antiinflammatory activity was investigated. A
stimulas to this work was the fact that 3-phenyl-3.4-

{1y W, L2, Coyvneand J. W, Cusic, J. Hed. Clhem., 10, 541 (1967).

Several of the compounds were equal to or betrer than phenylbutazone in one of the

dihydro-2(1H)-quinazolinone was the only compound
of this type previously reported in the literature.*

The 3-substituted 3,4-dihydiro-2(1H)-quinazolinones
were synthesized vig ring closure of the appropriate
diamine either with phosgene (method I5) or with 1,1'-
carbonyldiimidazole (method F) as shown in Chart 1.

e
R/
NH,

Cuanr 1

COL) or

D\JC()I\'/\j

, NR NaH R \R
R X =0 OMsO V’l=()
’ l
I]'I R//

The ring closure with phosgene was carried out by the
addition of a solution of phosgene in toluene to a =ohi-
tion of the diamine followed by reflux. The yields in
this reaction were u~ually low and the products dif-
ficult to purify. In contrast, refluxing an eguimolar
quantity of the diamine with 1,1’-carbonyldiimidazole
in THF guve an excellent yield of the quinazolinone,
in many cases analytically pure. Alkylations of the

2y Al Busch, Ber., 25, 1833 (189).
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