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96.0' (lit.27 mp 96-97"); Rf 0.81; infrared maxima a t  2.9-3.2 
( N H ) ,  6.15 p (C=O in the thiadiazolone); nmr, CDCls a t  7 

-0.1 ( X H  bonded) arid 7.38 (SCH3) with relative weight 1 : s ;  

Anal. Calcd for C3H&\j,0S2: C, 24.3; H, 2.7;  N, 19.0; S, 
43.3. 

Refluxing 1 hr with 2 moles of KOH in methanol gave the ideii- 
tical product in similar yield. When refluxed with 0.1 eqniv 
of methoxide in methanol, mostly startiiig material was left 
after 12 hr by paper chromatography. 

2-Amino-5-chloro-l,3,4-thiadiazole.-Heating 2-amino-5- 
bromo-1,3,4-thiadiazolez~ (18) on the steam bath with excexu 
concentrated HC1 for 15 hr caused disappearance of infrared 
absorption a t  9.75 p and appearance of strong absorption a t  9.15 
p. Differential halogen analysis of the isolated material demon- 
strated conversion to 2-amino-5-chloro-l,3,4-thiadia~ole:~~ 0.80 
g-atom of chlorine and 0.21 g-atom of bromine. The bromo 
compound was unchanged after 0.5 hr, a t  20" or by refluxing 
2 iY ethanolic HC1 for 1 hr. 

Reaction of 2-Amino-5-bromo-l,3,4-thiadiazole with p- 
Nitrobenzenesulfonyl Chloride.-A solution of 0.222 g (0.001 
mole) of p-nitrobenzenesulfonyl chloride in 1 ml of dry pyridine 
added rapidly to a slurry of 0.180 g (0,001 mole) of 2-sniino-5- 
bromo-l,3,4thiadia~ole2~ (18) in 1 ml of pyridine gave a slight 
exotherm and heavy precipitation. An additional 3 ml of dry 
pyridine was added and the mixture was stirred for 2 hr. The 
yellow product (0.25 g, m p  222-226.5" dec) was very soluble 

XMeOH 262 mp ( E  6430), ~ 0 . l 4 N n O H  
mnx mar 278 mp (E 6970). 

Found: C, 24.6; H,  2.7;  K, 19.1; S, 43.4. 

(27) P. C. Guha and 9.  C. Guha, Quart. J .  Indian Chem. SOC.,  4, 239 
(1927). 

(28) Prepared b y  R. B. .inpier, J. Semb, and K. Cyr (132nd National 
Meeting of the  .imerican Chemical Society, Neil- P o r k ,  S. Y,,  Sept 1957, p 
31-0) from 2-amino-l,3,4-tiiiadiaaole and bromine in acetic acid, mp 180- 
181'. 

in water, insoluble in ether, and gave a positive silver nitrate 
test. Elemental analyses (C, 35 .2 ;  H, 3 .2 ;  S, 20.3; S, 12.4; 
ionic Br, 28.7) and the infrared spectrum (NHz,  3.05, 3.20 p ;  
NO*, 6.5, 7.4 p )  suggested that this product was 1-(2-aminothiadi- 
azol-5-y1)pyridinium bromide containing about 25'3 of the cor- 
responding sulfonylated product. 2-Amino-5-bromo-l,3,4thia- 
diazole was recovered unchanged from pyridine after 24 hr at' 
25' in the absence of the sulfonyl chloride. 

Complete siilfonylation was achieved by running the reactionzs 
at 80" for 20 min (negative Bratton-Marshall test for starting 
amine). The yellow product (67%, mp 250-253' dec) was iso- 
lated as the chloride by pouring the reaction mixture int'o 3 
*I' HCI. A pyridinium moiety was indicated by the analyses 
below aiid by the formation of a red precipitate (mp 165') of a 
glutacondialdehyde from acidification of its solution in 
alkali. Recrystallization from glacial acetic acid gave a halogen- 
free light, yellow solid (mp 290') whose analysis agreed with the 
l-[2-(p-tiitrobenzeneb~~ilfonamido)-1,3,4-thi a d  i a z o 1-5-yllpyridin- 
ium zwitterion (sulfonamide anion). Characteristic infrared 
bonds were present a t  6.15, 6.25, 6.65, 7.0, 7.4, 9.25, 10.6, 12.8, 
14.45 (pyridine, N-pyridinium), 6.52, 7.43 ( S O I ) ,  7.72, 8.66 
(sulfonamide SO2), 11.63, 13.55 p (Pam-substituted phenyl). 

Anal. Calcd for C13H,NjO&: C, 43.0; H, 2.5; N, 19.3. 
Found: C, 42.4; H,2.6;  K, 19.3. 
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microanalyses, and 11r. C. Pidacks and staff for parti- 
tion chromatographic separations. 

(29) Carried out  b y  Dr. J. L. Fedrick, of these laboratories. 
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In a critical screeiiitig test in chickens, P-acetylimino-3-[2-hydrosy-2-(2-thienyl)ethyl] thiazoline (IT-, thiazo- 
thienol) was found to be active against, heterakids, ascarids, aiid capillarids. IT' was also active against various 
nematodes in sheep, but not in rat,s or i n  mice. In chickens and in sheep, biit not in mice or in rats, IT undergoes 
met,abolic ring closure to 5,6-dih~-dro-6-(2-thieiiyl)imidazo [2,1-b] thiazole (TII, thiazot,hielite), which is active as 
an anthelmintic in all four species. A large series of imidazothiazole derivatives related to T'II were prepared 
and screened. From these studies emerged tetramisole (XII), the stable, water-soluble hydrochloride of 2,3,Sj6- 
tetrahydro-6-phenylimidazo[2,1-b] thiazole, as the most promising novel broad-spectrum anthelmintic of the 
series. Tetramisole is active at low, atoxic oral and parenteral dose levels against all adult and immaturegastro- 
intestinal and piilmonary nematodes tested in 14 different hosts. 

The purpose of t,his paper is to describe briefly the 
experiments which led to t'he discovery of tetramisole, a 
novel broad-spectrum anthelmintic.' 

The first relevant experiments involved the synthesis 
of new derivatives of 2-aminothiazole as potential 
ant'helniint8ics. The condensatmion of a bronioniethyl 
aryl ketone with 2-aminothiazole proceeded easily to 
give the hydrobromide of a 3-aroylmethyl-2-imino- 
thiazoline (Ia)2-4 (Table I ) .  Acylation of Ia  with acetic 
anhydride in t'he presence of pyridine gave t'he corre- 
sponding 3-aroylniet~hyl-2-acetylin~inothiazoline (Ib) 

(1) D. C. I. Thienpont, 0. F. 3. Vanparijs, A. H. h1. Raeymaekers, J. 
Vandenberk, P. J. A. Demoen, F. T. N. .Uleivijn, a. P. H. Marsboom, C. J. 
E. Niemegeers, K. H. L. Schellekens, P. .L J. Janssen, S a t u r e ,  209, 1084 
(1966). 

(2) B. Kickhofen, and  F. Krohnke, Ber., 66, 1109 (1955). 
(3) Th. Pyl, R. Giebelmann, and H. Beyer. Ann. Chem., 643, 145 (1961). 
(4) Th. Pyl, L. Bulling. K. Wunsch, and H. Beyer, i h i d . ,  643, 153 (1961). 

y%% 
N S  

I11 

ArCHOHCHzN S 
LJ w 

x 
ArCHOCH2N S 

L4  
I a , R = H  IIa, R = H 
b, R = COCH3 b, R = COCH3 

(Table I), which was reduced to the racemic 2-acetylinii- 
no-3-(2-hydroxyarylethyl) thiazoline (IIb) with sodium 
borohydride at  reflux temperature (Table 11). The imino 
ketones Ia  were similarly reduced, preferably a t  lower 
temperature, to the imino alcohols I I a  (Table 11). 
These four reactions proceeded in high yield and without 
unexpected preparative difficulties. 

I n  a routine critical screening test for anthelmintic 
activity in naturally infected chickens, one of these 



c*oiiipourids, '-(acetyliniino)-3- [%-EiytlrosS-L'-(%-tliieIiyl)- 
ethyl]thiazoline (IT, thiazothicnol), T\ 

be :trtiw a t  atoxic d o w  le\ el5 agaiiist he te ra l~ id~,  
tiww-idb, and capillarids.' > \ l o h t  of the other m i i -  

pouiirls, including the i+oiteric phenyl annlog IIb 
(Llr  .: phenyl), were wrpri4rigly iiinrtivc> :igimiif thcw 
tienia todes. Thiazothienol (IT-) w:ik suhhecjuetitly 
fouiicl to be highly active :ig:rin-t :I v:iriety of ga<tro- 
intestinal nematodes in critical tc.-th iii 4ieep. h u t  I I I  

inicse and in rxts -uhtoxic do-(+ of I\' failed l o  W J W l  

111 order to find out whether thew iiiarked bpeciey 
diff'erericcs could he explained by the metabolic coriver- 
sioti of IFr to an anthelmintic.ally active iiietabolite 111 

chickens arid in  sheep, but not in ruts or in mice, ti11 

effort wa\ made to solate. identify, synthesize, :tnd te-t 
the niajor nietaboliteh of IV in these Ypecie.. 

Chickenr were given IV hy the oral rout(. aiitl the C P W ~  
were extracted with acid. l'rom the ethereal extract 
of the  :illialized filtrate thiazothicnol (IT) itqelf as well 
a+ three of it\ metabolite- ncre detectetl and i.olaterl 
r.hroinatographically. Tmo of the iiiet~\bolitez n-erc 

1'011 11 dWOrln5. 

v I VI1 

, 7  1 Ii(. third niet:iholitc mis 111 unkno~rri c.olnpourlc1. 
It Y itrtict ure, 5, G-dihydro-6- (2-t hienyl) iniidazo [ 2 ,  1 -b 1- 
thiazole (VII, tliiazothielite), originally postulated 0 1 1  
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AIp, OC 

175-177 
155-157 
192-195 
153-155 
168-173 
180 5-190 
194-193 
212 5-213 6 
136-137 5 
192-193 
138 5-161 

uryl 

R 

H 
If 
H 
H 
TT 
H 

I1 

H 
II 

H 
I T  

1% 
I€  
I T  
€I 
COCHI 
COCH, 
COCH, 
COCHj 
COCH, 
COCH, 
COCHj 
COCH, 
COCH, 
COCR, 
COCH, 
COCH, 
COCH, 
COCHI 
COClIp 
COCH, 
COCH, 
COCH, 
COCHB 

rI 

Ir 

rf 

Ir 

____ Calcd, '/- 
C H 

55 34 4 64 
47 78 3 39 
46 29 3 29 
42 06 2 99 
50 32 3 57 
52 16 4 38 
47 78 3 39 
54 89 4 61 
46 29 3 29 
44 28 3 38 
47 26 3 97 

XIp, O C  

200 
197-198 
276-277 
204 
212-232 3 
282-283 
252-253 5 
199-200 
200-2 10 
269-260 
257 
250-263 5 
190-1 9 1 
201-202 
204 
188 5-191 5 
>300 
313-2113 5 
202-203 
140-141 
116-116 5 
'30 5-91 5 
126 5-129 
119 5-121 5 
122 ,5126 
162-165 
147 5-149 
126-127 
157-159 5 
121 5-123 
108-109 
117-119 
133-135 
102--104 
12Cr123 5 
116-145 
145 5-147 
132-135 

TABLE 11' 
NR 

ArCOCH,N 
W 

- r  ~ - _  
h- 

11.74 
8.5; 

12.46 
7 .55  
9.03 
8.69 
8.57 
9.15 

12.46 
9.39 

12.25 

C 

63,31 
47.66 
46.54 
42.10 
50,39 
52.09 
47.79 
54,88 
46.65 
44.44 
47.33 

---Calcd, 470--- 
C H K  

43.86 4.35 9.30 
39.36 3.60 8 .35  
39.36 3.60 8.35 
39.36 3.60 8 .35  
40.57 3.40 8 .60  
32.66 2.49 6 .93  
34.75 3.18 7.37 
34.75 3.18 7.37 
41.30 3.79 8 .78  
41.27 4.04 8.02 
41.27 4.04 8.02 
39.03 3 .28  7.59 
43.51 4.56 8 .46  
4s.72 4.80 8.89 
47.42 5.20 8 .51  
38.16 3.49 12.14 
38.16 3.49 12.14 
35.18 3.61 9.12 
37.12 3 .81  9 . 6 %  
59.53 5.38 10.68 
52.61 4.42 9.44 
52.61 4.42 9.44 
52.61 4.42 9 .44  
4'7.14 3.65 8.46 
42.70 3.03 7.66 
41.34 3.74 7.42 
45.76 3.84 8 .21  
55.70 4.67 9.99 
54.18 4.87 9 .03  
54.18 4.87 9 .03  
50.90 3.97 8.48 
57.51 5.52 9.58 
60.84 5.84 10.14 
62.05 6.23 9 , 6 5  
50.80 4.26 13.67 
50.80 4.26 13.67 
49.29 4.51 10.44 
52.38 4.80 11.11 

-Found, %--- 
H h- 

4.70 11.59 
3.57 8.78 
3.38 12.72 
3.00 7.86 
3 .68  8 .80  
4 . 4 5  8.55 
3.49 8.47 
4.68 9.06 
3.27 12.50 
3.36 9.30 
4.09 12.14 

--Found, R-- 
C H S  

43.88 4.49 9 .43  
39.28 3.64 8.27 
39.26 3.67 8.37 
39.37 3.73 8.67 
40.33 3.20 8.95 
32.61 2.54 6.92 
34.74 3.27 7.50 
34.78 3.17 7.23 
41.34 3.66 8 .70  
41.10 4.12 8.30 
41.34 4.01 7.76 
38.66 3.25 7.54 
43.57 4.71 8.58 
45.85 4.87 8.96 
47.23 5.06 8.47 
38.08 3.26 12.01 
38.11 3.59 12.11 
34.96 3.66 9.36 
36.95 3.91 10.06 
59,66 5.45 10.64 
52.86 4.50 9.39 
53.03 4.56 9.58 
52.87 4.50 9.53 
47.17 3.68 8.59 
4'2.60 2.94 5 .36  
41.32 3.86 7.31 
46.01 3.89 8.15 
53.84 4.75 10.25 
54.50 4.86 9.08 
54.34 4.91 9.07 
51.05 3.92 8.74 
57.78 5.63 9.72 
60.63 5.96 10.02 
62.33 6.23 9.53 
50.63 4.03 13.97 
50.96 4.36 13.40 
49.27 4.65 10.50 
52.65 4.91 11.22 
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the h i >  of' ,.pectrophotoiiietric a i i d  elenieiitd :iiiuly-1- 
of :L metabolically formed .aniplc, ivaz c*oiifiriiied hy 
unanibiguous syiitheyis. The details of thi- iiietabolic 
cxperinient are given in the Esperiniciital Sectioii. 

1Ictabolically formed :iiid .ynthetica thiazotliielitc 
(171) w~ts  tested iii cl i iclmi- :rnd found to  be fully 
clffect ive in  cxpelliiig hcter:tlwl-, nridi, :tiid capil- 
Inrid5 at  4giiificantly Ion er oral Icvel- thxii t l i ~  
parerit (.ompound, thiazothienol (IT). Syiithctiv 
inetaholitc V l I  ~ v a >  al-o found to be :L potwit :inthel- 
iiiiiit  ica :tg:iiiiit iicnintodei. not oiily i i i  (*Ii~clicn- arid 111 

-heel), but alba in niice and 111 rat". Sub>cqueiit niet:i- 
bolic htudies showed that VI1 i- also :I iiiiijor nictabolitc 
of I\' iii sheep, but not i n  rat- niitl iii inice, which 
cxplairi~ the specie- diff erc~icei described above. It 

furthw found that in thc c.hic*kcii tlie anthel- 
niinticxlly inactive phciiyl :iii:ilog of tliiazothieiiol, 
i.e.. I Ih  (-lr = phenyl). 1. iiot nietabolicdly cmvertcd 
to  the phciiyi  inlog log of thiazothielitc, 2 . 6 . .  111 ( 9 r  = 

:I highly potent :itithcliiiiiit ir agaiii-t 

-1 large scrie- of tleriv:itivcl. of iiiiidazot2iiuzole :11111 

related heterocycle- were theti -yiithe-izcd : i i d  ~crcenetl 
Higlic-t :iiitheImiiiti(a :ic.tivity TI a h  found :iniong 5,6- 
tlihydro-~i-arylimidazo[2,1-6]t~ii:~zole~ (111, Table 111) 
;I t i (  I 2 3 ,>, 6-t etrahycIro-(i-:iryIi niidazo [ ?,I-b ] t1ii:izole- 
(S*III. Table VI). Conipouiitls J X I .  listed 111 Tahle 

kenz, 4 c c p ,  rut., :tiid l l l l ( ~ ( ' .  

H 

VI11 I X a , R = H  
b, R=COCHB 
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Alp,  OC 

261 5-264 5 
157-170 
168-172 
192-193 
209-214 
255-256 5 
194-195 5 
183 5-184 
249-252 
187-190 

173-179 
208-214 

168-169 5 
240-242 
192-196 
173 5-175 5 
183-184 
203.5-206 

4-NHlCaHa 245-250 CiiHi,N,S .2HC1 
4-HOCsH4 215-216 5 CiiHi:N?OS 
C4H3ScL 216-220 CyHioNzS?.HCl 
C,H,O* 206 5-209 CgHi"N,OS. HCl 

2-Thieiiyl. 2-Furyl. 

pheasants, ducks, cats, tigers, rats, mice, monkeys, and 
man.' In alkaline solution and/or a t  high temperature 
XI1 hydrolyzes to the water-insoluble 1-(2-mercapto- 
ethyl)-2-oxo-4-phenylimidazolidine (XIII), which is 
inactive against nematodes and almost atoxic. The 
niercaptoimidazolidine XI11 is also a ma,jor metabolite 
of tetraniisole (XII) in sheep, chickens, and rats. 

WHYo 
N 

wHk .HC] 
N S  
U CH,CH,SH 

XI1 
. .  

XI11 

Experimental Section6 
The examples given are illustrative of the preparative proce- 

dures used for all the members of a series. Details of the biologi- 
cal testing procedures are being described elsewhere.' 

2-Imino-3-(2-thenoylmethyl)thiazoline Hydrobromide (Ia, 
Ar = 2-Thienyl).-A solution of 4.0 g (0.04 mole) of 2-aminothi- 
azole, 8.0 g (0.04 mole) of bromoethyl 2-thienyl ketone in 60 nil 
of 2-propanol was stirred and refluxed for 1.5 hr. The precipi- 
tated hydrobromide salt was filtered off and dried in vacuo; 
yield 8.8 g ( i2c;C) ,  nip 206-206.3". 

2-Acetylimino-3-( 2-thenoylmethy1)thiazoline (Ib, Ar = 2- 
Thienyl).-To a mixture of 15.3 g (0.05 mole) of the hydrobro- 
mide salt of Ia (Ar = 2-thienyl) and 7.9 g (0.1 mole) of pyridine 
in 100 nil of chloroform was added 10.2 g (0.1 mole) of acetic 
anhydride. The mixt'ure was st'irred and refluxed for 1.5 hr. 
After cooling, t'he mixture was made alkaline (NHdOH). The 
organic layer was separated and dried (MgSO4). The solvent 
was removed and the crude residue recrystallized from toluene, 
giving 11.6 g (88Yc) of the product, mp 146-147". 

2-Acetylimino-3- [ 2-hydroxy-2-( 2-thienyl)ethyl] thiazoline 
(IV).-To a stirred solution of 13 g (0.05 mole) of I b  (Ar = 2- 

(6) l\Ielting points uere taken in a Tottoli ailparatus and  are reported 
.Ynalytical da ta  are given in Tables I-VI. as corrected values. 

____ Calcd, 7%- 
C H 

54 87 5 44 
47 49 3 99 
47 49 3 99 
47 49 3 99 
42 66 3 53 
38 39 2 93 
41 33 3 78 
41 33 3 78 
51 06 4 67 
40 91  4 89 
49 91 4 89 
46 68 3 '32 
51 84 4 97 
56 57 5 93 
58 09 6 38 
46 01 3 86 
46 01 3 86 
46 23 4 23 

--- 
N 

11 64 
8 52 
8 52 
8 52 
9 05 
8 14 
8 76 
8 76 

10 83 
(1 70 
9 TO 
9 07 
8 64 

11 00 
10 42 
12 38 
12 38 
14 71  

--- Found, %- 
C H 

54.80 5.44 
47.42 4.07 
47.45 4.10 
47.31 4.02 
42.88 3.65 
38.48 2 .97  
41.34 3.86 
42.08 3.51 
51.20 4.55 
50.03 4.91 
50.09 4.85 
46.57 4.05 
51.82 4.97 
56.53 6.02 
58.06 6.36 
46.01 3.99 
45.51 3.96 
46.45 4.37 

7 -__ 
N 

11,72 
8 . 5 4  
8.55 
8.38 
8.83 
8 .22  
8 .67  
7.65 

11.05 
9.63 
9 . 3 s  
8.93 
8.80 

10.83 
10.50 
12.87 
12,40 
14.65 

45.21 5.17 14.38 45.05 5.24 14.36 
59.97 5.49 12.72 59.74 5.78 12.41 
43.80 4.49 11,35 43.96 4.53 11.39 
46.85 4.85 12.14 47.05 4.91 11.98 

thienyl) in 125 ml of 2-propanol was added portionwise 0.76 g 
(0.02 mole) of NaBH4. After the addition was complete, the 
mixture was stirred and refluxed for 1 hr. The solvent was re- 
moved and the solid residue dissolved in 4 -\- HC1. The solution 
was made alkaline and the free base was extracted with chloro- 
form. The CHCl, layer was dried and evaporated. The solid 
residue was crystallized from 2-propano1, yielding 10.5 g (807,) 
of product, nip 132.5-133". 
6-(2-Thienyl)imidazo[2,1-b] thiazole (V).-A mixture of 9.1 g 

(0.03 mole) of the hydrobromide salt of Ia (Ar = 2-thienyl) in 
200 nil of 0.1 S HBr was refluxed for 5 niiii. The solution was 
made alkaline and the product was extracted with chloroform. 
The extract, was dried and the solvent was removed. Recrystal- 
lization of the crude product from 2-propanol-water (2: 1)  
gave 4.1 g (67Yc) of free base, mp 143.5-144'. 

5,6-Dihydro-6-( 2-thieny1)imidazo [2,1-b] thiazole (VII).- 
SOC1, (30 ml) was cooled to 5', and 20.1 g (0.075 mole) of IV was 
added under cooling over a period of 1 hr. The mixture was 
stirred for 1 hr a t  room temperat'ure. Acetic anhydride (150 ml) 
was added and the formed acetyl chloride was distilled during 
a 1-hr period. The mixture was refluxed for an additional hour. 
The solvents were then removed. The residual oil was dissolved 
in dilute HC1 and impurities were filtered off. The filtrate was 
rendered alkaline and the product was extracted with toluene. 
Drying of the organic phase and removal of the solvent left an 
oil, which was dissolved in  2-propanol. The oxalate salt was 
formed by adding a solution of oxalic acid in 2-propanol. ilfter 
cooling, the product was collected and washed with 2-propanol, 
yielding 12.3 g (56'3) of crystals melting at 192-193'. 

2-Acetylimino-3-( /3-hydroxyphenethyl)thiazoline ( IIb, Ar = 
phenyl).-A solution of 6.5 g (0.025 mole) of I b  (Ar = phenyl)* 
in 50 ml of 2-propanol was treated portionwise with 0.27 g (0.007 
mole) of NaBH4. After addition, the mixture was stirred and 
refluxed for 2 hr. The solvent was evaporated. The solid 
residue was dissolved in dilute HC1 and filtered. The filtrate 
was made alkaline whereupon the precipitate was collected and 
recrystallized from 2-propanol; 5.3 g (81%) of material, mp 
157-15Y0, was obtained. 

5,6-Dihydro-6-phenylimidazo[2,1-b] thiazole (111, Ar = 
phenyl). Method A.-Treatment of 19.7 g (0.075 mole) of 
I Ib  (-4r = phenyl) with 30 nil of SOClp as described above for 
VII, gave 10.1 g (745;) of the oxalate salt, mp 186.8-187.5" 
(ethanol). 



Method B.--Tii :I iiiixtiire of 7.3 g (0.0% iiiole) of tlie hydro- 
lirr)rnide salt of IIa ( A r  = pheiq-1)' and 11.5 r n l  of SOCI? \vas 
added c*autiously mid with coi i l i i ig 60 1111 o f  :we1 ic. :iiihydridr. 
IVheii a s i i lu t i i i i i  \vas cit,t:iiiied the cooliiig tinth \v:iq renioved atid 
ilie iiiixture refluxed for 10 niiii. Au :idditiiiti:Ll (j  ti11 of SOC'I? 
w:t> :idded :iiitl rrflusiiig WLU c~iiititiued for 3) i i i i i i .  The fortiietl 
:wet y1 rhloride iv:i* removed. T h e  :ic.rlt ic. :iiihytlride \vas rc- 
iiiiiveti in N I C I K I  triid the rehultitig oil dis.solved i i i  dilute HC'I. 
Thc li:iac,, 1il)er:ttetl w i th  NHiOH, was estrac.tctl w i ih  tlJlUf2iic. 
The extrac.1 was dried : i i d  the biilveiit W:I- retiioved. The oily 
rwitlue \v:ih cli~wlvetl i i i  2-propaiiol :iiid the oxalate salt fornietl 
i i i  the uhuiil iri~tiiiier 1 0  ~-ield 4.!) g (67" ; )  of h:il t ,  nip Isti-187". 

Method C---To :I s:oluticiii of 0.02 iiiolf: of fre-hly preparecl 
>odiuni ethoxitie i i i  80 in1 o f  ethaiiol, wviis ntlded 3 .6  g (0 .02 iiiole) 
of  ~ -1h~1~-4 (~) -phe i ry l~ rn~dazc ,~ id~ t i t~  ( S I ) , s  The re:irtiiiii mixture 
was ytirretl :tiid refluxed for 1*5 riiiii: :3.1 g ( 0 . 0 2  nicile) of rhloro- 
:ic,etnldehyde dieth>-l :iret:tl W:IS atltled. Stirriiig a i i d  refluxiiig 
was i~iiitiiiuetl for 1 lir. The et1iuiic)l ivai  ev:rpcir:itetl :itid t n  
the. resitlue w:i. :iddetl 2s nil of i ~ ~ ) i i c ~ i i i r i t t e t l  HCI :iiid i t  \vas 
f i l t c r c t l .  '4fler refluxiiig the fi1tr:itc f(ir 1 h r ,  thc: solutiriti iv:is 
r i i t i d o  :ilkahtie : ~ i i t i  ex t ruc t rd  \v i l l i  c~hloriiforiii. The er1r:ic.t 
\viis dried aiiti ev:tporateci t i l  leave :I im4c re-idue. The oxalate 
salt (2.4 g, 41(;; ), n ip  1S4-185", w:i> prepared i i i  the wu:d wiy .  

2-Imino-3-( phenacy1)thiazoline Hydrobromide (IXa, Ar = 

dih>-tlrot hiitmilo t i  40 nil I J f  :icetiiititrilc w:i> ad(led piirtioiiwiw 
10 g (0 .05  mole) of plieii:ic.yl hriiiiiide. Thv rewtioii w:i\ mo- 
t heriiiie. The mixture w:~< h( irrcti aiid refluxed for : 3 0  i i i i i i .  

Aft(ar rcioliiig, the precipitate \\-:I> col1t:ctetl :itit1 dried. yieldiiig 
13.3 g (!JOY; )of t h e  hydrobrriiiiide d t ,  nip 2(10". 

2 4  Acetylimino)-3-(phenacyl)thiazoline (IXb, Ar = phenyl) 
\v:is otit:iiiied in SO' ; yield frorri lc5.1 g (0.03 i i io l r )  of the hydro- 
1)roiiiide snit of 1S:i ( A r  = plietiyl) :iiid 10.2 g (0.1 iiiole) of ac.etic. 
:iiihydride :ts dc-caril)ed for 11, (Ar  = 2-thieiiyl): nip 110-141". 

2-Imino-3-( P-hydroxyphenethy1)thiazolidine Hydrobromide 
(Xa, Ar = Phenyl).-T~i :I siirred mspeiisioii of 12.1 g (0.04 

of Is:r  i i i  1% r i d  of ethaiiol w i h  

I C )  of X:i13H4. The teiiiperaturc 
Stirriiig w i a  ciiiitiiiued for :it1 

t i o i i  of the  ~IJh 'e t i t ,  the resultiiig 
te  HHr yicxltiiiig I O  g WC;) of 

2-Acetylimino-3-( p-hydroxyphenethyl)thiazolidine (Xb, Ar = 
Phenyl).---Ti) :I solutioii of 10.3 g 10.04 inole) of ISb (Ar = 
pheiiyl) i i i  50 nil  of inethniiiil wts  iiitrodiiced portioiiwi,se 0.76 
g (0 .02  IlilJle) of N:iRH4 :it 5-1O0. After 3tirring ai  room teni- 
perxture for 1 h r  the UlJ~Vt!li~ rrnioved arid the residual 
scilitl wt,< su,qxiidetl i i i  water. The prciduc,t was extracted with 
i~hloroforiii aii t l  dried, aud the .-rilveiit wis reinoved. 

Phenyl) --TI) :L %JlutiCJll Of 4.9 a (0 .05 I l l IJ le)  I J f  ~ - ~ l I l l ~ l l O - ~ , ~ -  

Recar, 
3idue frotii t o  iieii(' yield3 S.3 g (Sit 

2,3,5,6-Tetrahydro-6-phenylimidazo[2,l-~]thiazole (XII). 
Meihod A.--Pt:irtiiig froiri 19.8 g (0 .073 niole) of Sh ( A r  = 
pheiiyl) :itid 30 1111 of SOCI., :iwordiiig l o  the iiiet hod eiiiployed 
fiir VII,  oiie oht:iiiied 7.S g 136' ; ) of the oxalate salt, nip 195.5- 
106'; t ho  free 1,:tse melt. at  90.5-92'. 

pheiiyl) iii 150 1111 of chiuroforiii w:is treated with 2.4 g ((1.02 
iiicile) of 80Clr  :it 20". A 10()~; >iilutioii of PiaaC0:i (83 nil) was 
added :~tid the iiiisture refluxed for 1 hr. The iirgaiiic layer was 
hep:tr:ited, dried, miti ev:ipiir:it cd. The oily residue was dis- 
siilvcd i i i  2-prop:~iiiil :iiid the  h 
:iddiiig 2-propaiiolic HC1. Re( 
:3.6 g ( i 5 (  ) o f  the hydrochloride 

Method C.--To :I suspeiisioii of I7  g (O.OH niule) of 1,2-di- 
Iiroiiioethaiic~, 7.8 g (0.093 niole) o f  Pl'a2C03 in 60 r i d  of 2-pro- 
p:itiol wits ittided over a period I J f  1 hr :t suspeiisioii of 3.6 g (0.W 
riiole) of 4[3)-pheiiylitiiida~iJliiie-2-thioiie (S1)8 i i i  120 nil of 
I..i"; N:iOH. The mixture w w  stirred atid refluxed for 3 hr  
:irid the solvelit ua r  reniovcd. Theii 18 nil of 15"; KOH wah 

the product was extrti(~tet1 with tolueiie. The or- 
\vas dried niid the wlvent was rernoved. The crude 

oil \v:i.. diswlvetl iii :teetotie aiitl the hydrochloride salt was 
t'orined by additig a mlutioii of IrCl i i i  2-prcipanoI. Recrystallina- 
1 i o i t  from rthiiitol yirltlcd :3 .0  g (62';) of th r  salt, nip 263-26.5'. 

Method B.--A slilutioii I J f  5 . : ;  g ( 0 . 0 2  niolej ( i f  ( A r  = 

(71 J .  I J .  I3iel [Y. S. Patent :3,04O,ORO ( l < I N j ;  

(8) I:. Feist a n d  11. . \rnstein. Ne!'., 28, 3 1 7 2  (1895). 

C'hevi. . i h u t r . .  57, 136il~ 
(1962)]  reports nip 167-168' for tlie base. 

.- SOlUtiUll Of  i3.0 ((1.01 Illole) I J f  the hyklihli- 
S:t (i ir  = pheiiyl) iii h 1111 of cwiicentr:ited ILS04 
stirreid tit room teinper:ttnre for 1 hr, poured ( 1 1 1  

:iiid iiiade :tlkaliiic with :iiiinioiii:i, : i i d  the  p r i ) d u ~ ~ i  
wis  t,xir:ti,leti w i t h  tolueiie. The extract  w:ts dried ( AIgSO., I 
n i i d  ev:ipoixteti. The wlid residue w:~>  di~scilved i i i  ac~c~ti i i ic~. 
I'puii :icldit ioi i  ( i f  H(11 i i i  2-propatiiil 1.9 g of 1 hv hydrochloric 
salt of S I 1  (80" ;  ) precaipii:ited, nip 26X-2&i0. 

Tctr:iiiiisolc i SI1 1 ih :I white, stablc~, cry-talliiie I iy~ircicl i l t r~i i l~~ 
1 c~,II,,N,s. I T V I ,  rlllt 70') freely bolrible i i i  iv:rter (21 ' ,  :it 
2 0 3 ) ,  i i i  iiicth~iiiol ( 
-pariiigly .olulile i i i  

i leal; thaii 0.1 ' ; j i i i  CIIIII~II 
Ixise of SI1 is freely ~111uIile i i i  c:hiorofornr, ~nethauol, a i d  t~th:triol 

I1 a s  i t ]  n variety of : K ~ U ~ ( J U S  ~o1ntir)ris of 
i i i  4Oc;i tmtaric acid, S I ' ;  in 40t' i  citriv 
cetic a(-id. hqllt?(JUS *oliiticiiis of SIT :ire 

2,3,5,6-Tetrahydro-6-( 4-nitropheny1)im'dazo [ 2,141 thiazole 
Hydrochloride IVIII, Ar -= I-Nitrophenyl).---.k iiiixture of 6.0 
g (0.022 i i i o l e )  of the  iiitr:ite salt I J f  SI1 (prepared 
hast: w i th  iiitric. : r c a i d  i i i  tetrahydrofur:iii, nip 1 
100 i i i l  i i f  H$Jr irl 1.S:;) was .rirretl :it rooiii tc 
,-i d:ryq. The wlutiiiii \viis piiured ritito crushed ivc: :iiid inade 
: tk: i I  lie, :riicl l h c  J i~Odl l (* t  w:ts wtr:irted with chlor~iforni. 'I'he 
extriict wts dried t i r id  cvapcir:ited. The iiily rcsidue w:i< di.- 
.olveti i i i  2-priip~iiioI :tiid the hydrochloride salt \v:ts fornicti I J ~  
:~ddiiig 2-propntiolic IICI. I:eciyst3lliz:iti[iii from cili:~iiol yicltlrii 
.j g (60' ; ) of ~nat,erial, nip 203.3-206" dec. 

2,3,5,6-Tetrahydro-6-( 4-aminophenyl)imidazo[2,1-h] thiazole 
Dihydrochloride (VIII, Ar = 4-Aminophenyl).--A solut i o i i  of  
14.!) g (0.0,52 I i i ~ i l e  of the hydroc~hloride salt of VI11 ( h r  = 4- 

stable :it room temperature. 

(VIII,  Ar = 4-Hydroxyphenyl).--A stirred solutiuii of 2.9 g 
t of VI11 (Ai- = 4-ainiiro- 
d t o  0'. At this tempera- 
f NaNo2 in 1 0  nil of watcr  
, the niixture was slirrcd 

:it (ill' for niiother 3 1  n i i i i .  The solution \vas filtered iiwr 

C h a r C l J i i k  n i i t l  t tic filtratc ~ v a b  iii:ide dkaliiie wi th  ~inii i i~~tti :~.  
The precipiiaie \v:is filtered off, n:ished with water, :irid w- 

frc~iii (1 th : i i i i i I  yieldiiig 1.3 g (65Ci 1 of produc~l, n i p  

Metabolite Experiment.--A hiirgle i~ral  d w e  of 750 nig i i f  11' 
was giveii to earh of  S 1,eghorii chickens, the feces were rollec't t d  

J g), dried (332 g), horiiogeiiized i r i  :i ha11 inill. 
biispeiicled iii :; 1. of .i .\- HCI, shaken for 1 hr, :ind filtcretl wit I i  

additioii o f  2 1. Of  water. The brown, clear filtrate was alkalized 
i o  pH 10 with SaOH atid extracted wi th  10 1. of ether. T h t ~  
roiiceiitr;ited ethereal extract (1 1.) was shaken with 350 nil o f  
0.1 .Y HCI, :~i i ( i  the water  luyer wab tilade alkaliire with XaOII 
:uid extr:icted with ,50 nil of chloroform. The coiicetit 
cxtruct (15  n i l )  was separated kJy coluriiii chro1ii:ttogr:iptiy 
(35 x :: em, silira gel in  methanol, flow rate: 3 mi of nieth:iticil/ 
h r ) .  E:rch 10-in1 fr:ictioii was a i ia l~ iii h y e r  c.hrornatog- 
rnphy [nilica gel 250 M, d v e i  : CIICI~j-nict h u i  11 ,I 
(t j . j :5 v/v)  spraying wi th  :i mixture I-wet ie :iiihytlridf~-. 
IT2S04 ( t l  1.M) (80: 10: 10 v/v/v)  followed by heating at l l O o  for 
20 miii.1. Two >pots were preseiit in fractions 16-24, m e  s p o l  i i i  

fraction-: 23-64 :tiid oiic i t i  fractions 106-124. The major bluc- 
violet spot i i i  the fiwt group of fractioiis (Rr 0 . 5 )  wa.s identified :is 
thiannthieiiol ( I V )  ithelf, the inirior spot (Rr 0.9) as the previously 
synthesized 6-(3-thie11yl)imidazo[2,l-b~thiazole (I-), whic:h is 
iiiactive as iiii ant helmiritic. The blue-violet spot (h'r 0.05) i i i  

the la,si group of fracat ioii- \vas identified as deacetylated thiazo- 
Oiieiiol (TI) nhicali is ryually inactive against iiem:ttndes. l'hr 
blue-violet spot ( Z Z r  0.27 f 0.03) i i i  fractions 13-64 wa.s :til 1111- 

~ i i d .  evaporation in VU~:I . IO,  spectroptroto- 
of the oily residue led to  the folluwing coiirlusiwih: 

( 1  ! :il).;catic.e of OH, -SI{, aiid C-0 in iiifritred: (2)  preseiiw 
(if :I iiciii(.irtiiupaterl ihiopheiie ring (infrared t):inci at 600 cni 

I I  ilIJWlJ- hfXted t l l i d  kckit 

- 
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arid ultraviolet maximum at  235 mp); (3) probable presence of a fractions 23-64 were fouiid to be the bame compound (mmp 
C=N- moiety in a five-membered ring (infrared band at  1570 192-193', ultraviolet and infrared spectra). 
cm-1 and ultraviolet maximum a t  271 mr) ;  (4) probably struc- 
ture 5,6-dihydro-6-(2-thienyl)imidazo [2,l-b]thiazole (1'11). Acknowledgments.-The authors are indebted to 

The  oily 'residue was crystallized with oxalic acid from 2- 

pelijk Onderzoek in Nijverheid en Landbouw propanol to furnish 190 mg of an oxalate salt, after drying, mp 
1'31-192'. Elemental analysis was in agreemeiit with the pro- 
posed structure VI1 oxalate. (IWOKL)'! for financial support of t.his project. 

dnal. Calcd for C9HRS&.C2H2O4: C, 44.28; 11, :3,38; S, Thanks are also due to W. A. Seth Paul and J. Loonians 

the "Instituut tot Aanmoediging van het Wetenscha1,- 

0.39; 8, 21.50. FouIidi C, 44.05; H, 3.36; S, 9.55; s, for irlfrared arid ultraviolet measurements and interpre- 
21.51. 

Compound VI1 (thiaiothielite) was then 2 )  iithemed by rii iy 

c loure of thiasothienol (I\-) n i th  SOClz in the preaence of acetic 
anhj  dride. SJ iithetic \ I1 and the metabolite isolated from 

tations, A. Sels and W. T.-erkest for microanalyses, and 
L. Stoffels and L. noevens Of the Pilot plant for 
preparing generous supplies of startlng materials. 

Semisynthetic Penicillins. 111. Heterocyclic Penicillins 

A. W. CHOTV, S. 11. HALL, J. R. E. HOOVER, 11. AI. DOLAN, AND R. J. FERLAUTO 

Smz th  K l i n e  and French Laboratories, Philadelphia,  Pennsylvania 

Receie'ed February 18, 1966 

This report describes a group of  pe~iicillins related to 2-biphenylylpenicillin, in which one of the two phenyl 
The structure-activity relationship of these penicillins is discussed. rings is replaced by a heterocyclic ring. 

The preparatioii of some new side-chain acids used in the synthesis of these penicillins is reported. 

I n  part I of this series2 the preparation of a group of 
2-biphenylylpenicillins which are highly active against 
a resist'ant3 strain of staphylococcus was reported. In 
a subsequent paper4 a variety of further structural 
modifications of the 2-biphenylyl side chain was re- 
ported. These studies indicated that  replacing eit'her 
benzene ring with a- and 0-naphthyl resulted in com- 
pounds having activity similar to that of the parent 
conipound, while replacing either benzene ring wit,h a 
cyclohexyl nioiet'y, gave compounds having only 
modest activity against resistant staphylococci. These 
studies also denionstrated that in the modification of 
t'he biphenylyl group the proximalj ring must be suf- 
ficient,ly aromatic and that the distal ring must con- 
form t,o very exact'ing structural requirements for the 
compound to be highly active against resistant' staph- 
ylococci. 

This paper describes the preparation of a group of 
heterocyclic analogs of 2-biphenylylpenicillin and a 
st'udy of the effect' on biological activity of replacing 
either ring with certain het'erocyclic systems. These 
penicillins are t'abulat'ed in Table I. 

Earlier conjecture as to the requirements of the size 
and substit'ution of the proxinial ring in determining the 
degree of penicillinase resistance of t,he penicillin is sup- 
ported by t'he activities of compounds 1-6. Our pre- 
vious studies, and the work of Doyle, et d . , G  suggest 
that while t'he six-membered ring with only one o- 

(1) 2-Ri~~henylylr~enicillin has also been referred to  as .lncillin in various 
publications. 

(2)  J. R. E. Hoover, A .  W. Chow, R.  J. Stedman, N. RI.  Hall, H.  6.  
Greenberg, AI .  AI .  Dolan, and R. J. Ferlauto, J .  M e d .  Chem., 7 ,  245 (1864). 

(3) The term "susceptible" is used for  those staphylococci tha t  are sensi- 
tive to penicillins G and V while the term "resistant" is used for those peni- 
cillinase-producing staphylococci unaffected b y  high levels (e .g. ,  500-1000 
rg/ml) of these antibiotics. 
(4) R. J. Stedman, J. R. E. Hoover, .I. W. Chow, h1. 31. Dolan, N. nl. 

Hall, and R. J. Ferlauto, J .  M e d .  Chem.,  7 ,  251 (1064). 
( 5 )  See ref 4 ,  p 252, for a definition of the proximal anti distal rings. 
( 6 )  F. P. Doyle, J. C. I-Ianson, .\ TV. Long, J. 1%. C. Kayler, tlnd E. R.  

Store,  J .  Chem. Soc., 58:M (1963). 

phenyl substituent can confer penicillinase resistance on 
the penicillin, the phenyl-substituted unfused five- 
membered ring must be reinforced by o,o' disubstitu- 
tion with respect to the carboxamido grouping to 
achieve the same effect. In  this case 1-5, without 
the o,o' disubstitution, are essentially inactive against 
the resistant strain, while oxacillin, 5-methyl-3-phenyl- 
4-isoxazolylpenicillin, having Fn o,o'-disubstituted five- 
membered heterocyclic ring, and 6, having a phenyl- 
substituted, unfused six-nienibered ring, have activity 
against the resistant strain similar to their activity 
against the susceptible strain. 

For the fused heterocyclic conipounds 7-20 the 
same relationships hold as were found for the phenyl- 
penicillins described in the preceding studies. Ap- 
parently the proximal phenyl ring can be replaced by a 
heterocyclic ring of sufficient size and aromaticity (e.g., 
six-membered ring or fused-heterocyclic but not un- 
fused five-membered ring) with the retention of ac- 
tivity against the resistant staphylococcus, provided 
that there is adjacent to the carboxamido group a 
phenyl or an equivalent substituent. As reflected in 
the preceding studies, when the adjacent carbon car- 
ries hydrogen or alkyl (10, 13, 15, and 16) the activity 
against the resistant strain is lost, although the cyclo- 
hexyl ring can be a fairly efficient substitute for the dis- 
tal phenyl substituent (see 14, Table I, in ref 4:  N I C  of 
o-cyclohexylphenylpenicillin, susceptible 0.09 pg/ml, 
resistant 7 .5  pg/ml). The o-phenyl substituent is less 
efficient in confering penicillinase resistance on the 
molecule when the carboxamido group is attached ad- 
jacent to  the hetero atom rather than adjacent only to 
carbons (compare 7 and 11,14 and 17). 

The minimum inhibitory concentration values for 21 
and 22 indicate that the distal phenyl group can be re- 
placed by an aromatic heterocyclic system with the re- 
tention of activity against the resistant staphylo- 
coccus. 


