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E t 3 0 + BF t~.8 After 1 hr at 0°, the reaction mixture was allowed 
to warm to room temperature and stirring was continued for 4 
hr. The solvent was evaporated under reduced pressure, and 
the residue was taken up in a minimum of MeOH and treated 
with 40 ml of 2.5 Ar Me2NH in MeOH. Colorless crystals pre
cipitated after 40 min, and after 3 hr the desired product was 
filtered: yield 2.17 g, mp 190-196°. One recrystallization from 
MeOH afforded 1.31 g of 13, mp 200-202°. A second crop was 
obtained: yield 0.15 g, mp 199-201°; total yield 1.46 g (10%). 

Method C. N,N-Dimethyl-2-furanacrylamidine Hydrochloride 
(49).—A stirred, ice-cooled solution of 2 N Me2NH in MeOH (50 
ml) was treated portionwise with 13.0 g (0.05 moles) of crude 
3-(2-furanacrylimidoyloxy)propanesulfonic acid,2 prepared from 
2-furanacrylamide and 1,3-propane sultone.3 The resulting solu
tion was allowed to warm to room temperature, and to stand for 
2 days. The volatiles were evaporated under reduced pressure, 
and the residue was taken up in H 2 0 and poured into a rapidly 
stirred mixture of 100 ml of 10% NaOH and 100 ml of E t 2 0 . 
The ether phase was dried, filtered, and evaporated to furnish 
3.1 g of the crude base. The base was dissolved with 20 ml of 1 
A" HC1 in MeOH, and the resulting solution was treated with 
E t 2 0 to precipitate the desired 49 as an oil. The solvents were 
evaporated and the product crystallized on standing. One re-
crystallization from MeOH-Me2CO afforded the pure product, 

(8) H. Meerwein, Org. Syn., 46, 113 (1966). 

The recent discovery of the broad spectrum anthel
mintic agent pyrantel has opened new fields of inquiry 
for those seeking novel agents to treat worm-caused 
diseases.1 Other amidines, both cyclic and acyclic, 
closely similar in structure to pyrantel possess anthel
mintic activity with varying degrees of potency.2,3 In 
the course of investigating the structure-activity rela
tionships among these compounds, we became in
terested in finding alternatives to the amidine moiety.4 

Very early in our studies we observed that the thi
azoline 1, when administered at 250 mg/kg orally to a 
mouse, is highly effective against the round worm 

(1) W. C. Austin, W. Courtney, J. C. Danilewicz, D. H. Morgan, L. H. 
Conover, H. L. Howes, Jr., J. E. Lynch, J. W. McFarland, R. L. Cornwell, 
and V. .1. Theodorides, Nature, 212, 1273 (1966). 

(2) J. W. MeFarland, L. H. Conover, H. L. Howes, Jr., J. E. Lynch, 
D. R. Chisholm, W. C. Austin, R. L. Cornwell, J. C. Danilewicz, W. Court
ney, and D. H. Morgan, J. Med. Chem., 12, 1066 (1969). 

(3) J. W. McFarland and H. L. Howes, Jr., ibid., 13, 109 (1970). 
(4) One such alternative is the 1-substituted pyridine system, e.g., l-[2-

(2-thienyl) vinyl ]pyridinium bromide: see J. W. McFarland and H. L 
Howes, Jr., ibid., 12, 1079 (1969). 

yield 1.93 g (19%), mp 219-221°. One more recrystallization 
from MeOH-Me2CO gave an analytical sample, mp 219-221°. 

Method D. 2-Thiophenepropionamidoxime (14).—A stirred 
mixture of 8.3 g (0.12 mole) of HONH2-HCl and 50 ml of MeOH 
was treated with 48 ml (0.12 mole) of 2.5 N NaOMe in MeOH. 
E t 2 0 (100 ml) was added and the insoluble matter was filtered. 
The filtrate was concentrated to about 100 ml and 13.7 g (0.1 
mole) of 2-thiophenepropionitrile was added. The resulting 
solution was heated under reflux for 2 days, and then allowed 
to cool. The solvents were evaporated under reduced pressure to 
afford a mixture of oil and crystals. The mixture was triturated 
with E t 2 0 , and filtered. On concentrating the filtrate a yellow 
crystalline solid was obtained, yield 15.7 g. The product was 
recrystallized from PhH to afford colorless prisms of the desired 
amidoxime (14), yield 6.03 g (35%), mp 67-72°. One further 
recrystallization afforded analytically pure material, mp 70-72°. 
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Nematospiroides dubius. Later, the dihydrothiazine 
homolog 6 was found to be not only effective but also 
highly potent: the N. dubius burden in mice is reduced 
greater than 90% by a single dose of only 3.1 mg'kg. 

pyrantel \,n = 2 

6 , n = 3 

A la rge n u m b e r of c o m p o u n d s were p r e p a r e d in th i s 
n e w series of cycl ic t h i o m i d a t e s a n d w e r e t e s t e d in ou r 
p r i m a r y screen. T h e p r e s e n t r e p o r t will d iscuss t h e 
s t r u c t u r e - a c t i v i t y r e l a t i o n s h i p s w h i c h e m e r g e d w i t h i n 
t h e series, a n d will c o m p a r e a n d c o n t r a s t t he se w i t h 
t h e c o r r e s p o n d i n g r e l a t i o n s h i p s f o u n d in t h e cyclic 
a m i d i n e series. 

C h e m i s t r y . — T h e s y n t h e t i c m e t h o d s used to p r e p a r e 
t h e t h i azo l ines a n d d i h y d r o t h b z i n e s fol lowed s t a n d a r d 
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Some 2-thiazoline and 5,6-dihydro-4H-l,3-thiazine analogs of pyrantel exhibit highly significant activity 
against the round worm Xematospiroides dubius. Only a few members of the thiazoline group are active, and 
then only at high doses; the dihydrothiazine group, however, has many highly potent members. In the latter, 
the structural requirements for activity are less restricted than in the tetrahydropyrimidine (pyrantel) series. 
The structure-activity relationships within the tetrahydropyrimidine and dihydrothiazine series are similar, but 
certain relationships found in the former series are inverted or are absent in the latter. One compound, 5,6-
dihydro-2-[2-(2-thienyl)ethyl]-4H-l,3-thiazine (6), has been shown to be active against not only A", dubius, but 
also against Nippustrongylus muris, Syphacia obvelata, Trichinella spiralis, Ascarissuum, Ancylostoma caninum, 
and Toxocara canis. Other highly potent compounds in this series are 5,6-dihydro-2-[2-(3-methyl-2-thienvl)-
ethvl]-4H-l,3-thiazine (9), 5,6-dihvdro-2-phenethyl-4H-l,3-thiazine (10), and 2-[2-(2-furvl)ethvl]-5,6-dihvdrc-
4H-l,3-thiazine (21). 
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are procedures described in the literature. These 
summarized briefly below. 

Method A.—The reaction of a nitrile with cysteamine 
or 3-amino-l-propanethiol to produce, respectively, a 
thiazoline or a dihydrothiazine proceeds well under mild 
conditions to give excellent yields of product.5 This 
reaction is particularly advantageous for compounds 
which cannot withstand the more vigorous reaction 
conditions of method B. The major disadvantages are 

RCN + HS(CH2)„NH2 R - ( (CH,)„ 

n = 2.3 

(i) 3-amino-l-propanethiol is prepared by a multistep 
synthesis,6 and (ii) 2-arylacrylonitriles cannot be em
ployed owing to the reactivity of the thiol function with 
the double bond system. 

Method B.—Carboxylic acids or esters condense with 
3-amino-l-propanol to give N-(3-hydroxypropyl)car-
boxamides. When these amides are heated at approxi
mately 150° with P2Ss the corresponding dihydro-
thiazines are obtained in yields up to o O ^ . 7 ^ This 

RC0;H + H2N(CH2);,OH 
200' 

H,0 

RCONH(CH2),OH >• R — ( > 
ISO N g / 

technique is convenient because of the ready availabil
ity of start ing materials, and because both amide forma
tion and the subsequent P2S5 t reatment can be done in 
a single reaction vessel. However, certain delicate 
molecules, e.g., furan derivatives, will not survive the 
vigorous conditions of this reaction, and (as with 
method A) acrylic acid derivatives cannot be employed. 

Method C.—Thioamides will condense with 3-bromo-
1-propylamine to furnish dihydrothiazines.9 This 
method was used to svnthesize 32. 

R—CSNH2 + Br(CH,):1NH2-HBr R 

Method D.—The previously described methods are 
not suitable for the preparation of 2-(2-arylvinyImida
zolines or 2-(2-arylvinyl)dihydrothiazines. However, 
these compounds are readily accessible by the direct 
condensation of aromatic aldehydes with 2-methyl-2-
thiazoline or with ">,6-dihydro-2-methyl-4H-l,3-thia-
zine.7 This reaction was first reported in 19o4,'' bul 

ArCHO + CH:,—f 7cH,)„ -HP 
ArCH=CH-Hf (CH,)„ 

n = 2.3 

its utility has not been widely recognized. 
Biological Evaluation.—Compounds were tested for 

anthelmintic activity in worm-infested mice. Each 
mouse harbored a natural infection of the pinworm 
Syphacia obvelata, and experimentally induced infections 

(5) R. Kuhn and F . Drawer t . Ann.. 590, 55 (1954). 
(6) S. D . T u r k , R. P . L o u t h a n . R. L. C o b b , a n d C. R. Bresson, ./. Oru. 

Chem., 27, 2846 (1962). 
(7) 1'". M . H a m e r a n d R. J. K a t h b o n e , J. Chem. Soc, 243 U94;i) . 
.8} G. Bach and M . Zahn . ./. 1'rakt. Chem., 8, 68 (1959). 
i,9) C. Djerassi and C. R. Scholz, ./. Org. Chem., 15, 694 (1950). 

of the round worm Nematotspiroides dubius and the 
tapeworm Hymenolepis nana. Different substances 
were dissolved or suspended in a l°"c carboxymethyl-
cellulose solution at such a concentration that 0.4 ml 
delivered an appropriate dose to a 20-g mouse. Treated 
mice were dosed once each day for 1-3 days. Initially, 
a high dose ('(i2 2000 mg kg depending on the com
pound's toxicity) was given to a group of four infected 
male mice. If anthelmintic activity was detected, the 
compound was tested at successively lower doses until 
a minimum effective dose I ' . M E D I was established. 
The M E D is considered to be the lowest dose which 
causes at least a l.)0% reduction in the A*, dubiux worm 
burden as compared to untreated infected controls. 
In general, the better compounds in this series exhibited 
activity against ,s'. obvelata. but no compound described 
here was active against / / . nana. In the following 
discussion structure activity relationships will be de
veloped from the X. dubius activity alone. 

Further details of these testing methods are given by 
Howes and Lynch.1" The results of these tests are 
reported in the last columns of Tables I -VI. 

Structure-Activity Relationships. Although the 
cyclic thioimidates described in this report are struc
tural analogs of the cyclic aniidines described by 
McFarland. el al..- it is not entirely obvious that these 
compounds should possess similar biological activities. 
The amidines are 10fi 10s time.- stronger bases that) the 
cyclic thioimidates, and for this reason grossly different 
biological properties might be anticipated. In spite of 
this big difference in an important physical parameter, 
anthelmintic activity nevertheless is observed. Certain 
structure activity relationships found wit hin one series 
are also found within the other: however, other 
relationships found within one series have no parallel 
within the other. The.1 details of these observations are 
given below. 

The Basic Ring System.—One of the most striking 
effects in the cyclic thioimidate series is that of ring 
size on potency (see Tables VII and VII I ) . Regardless 
of the nature of the connecting side chain or of the 
aromatic ring system, a dihydrothiazine is invariably 
more potent than the corresponding thiazoline. In 
contrast, related compounds in the cyclic amidine series 
appear to show no such marked difference's (see Table 
IX) . Actually, a closer examination of the amidine 
series- reveals that in instances where a difference in 
activity between an imidazoline and a comparable 
tetrahydropyrimidine exists, the tetrahydropyrimidine 
is invariably the more potent compound. The dif
ference, however, is usually much smaller than that 
observed in the cyclic thioimidate series. 

The range of structures associated with activity in 
the thiazoline series is also much narrower than in the 
dihydrothiazine series. Taking this and the lower 
potency of the thiazolines into account, we will em
phasize the dihydrothiazine .series of compounds in the 
following discussion. 

The Connecting Chain.—In both the dihydrothiazine 
and tetrahydropyrimidine series, anthelmintic activity 
is dependent on the length and on the nature of the 
chain of atoms connecting the basic function with the 
aromatic system. In both series this activity is 
optimal when the chain is 2 C; shortening the chain or 

i t . t.. i i . j ./. I'.tr.i'itoL. 53, 1085 (19ti; 
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TABLE I 

Salt 

Tartaric 

TsOH 
HC1 

Prepara
tive 

method 

A 

A 
A 
A 

ArCH2CB,—( 

s-J 
Bp (mm) 

or mp, °C 

118 (0,5) 
77-78 

146-147 
90 (0.1) 
66 (0.1) 

Recrystn 
solvent or n25D 

1.5911 
Me2CO-C6H„ 
MeOH-EtOAc 

1.5755 
1.5435 

Formula" 

CHnNSa* 
CieHnNOaS 
CioH14ClNS 
CnH18NS 
CgHnNOS 

No. Ar 

(Pyrantel) 
2-Thienyl 
2-Thienyl 
3-Methyl-2-thienyl 
Ph 
2-Furyl 

° AH compounds were analyzed for C, H, N unless otherwise noted, 
material to be > 9 7 % pure. " Minimum effective dose against N. dubius. 

MED,' 
mg/kg 

12.5 
250 

>800 
500 

>500 
250 

Days 
given 

1 
3 
3 
1 
3 
3 

'No t analyzed; vapor phase chromatography showed this 

TABLE I I 

ArCH2CH2—( 

Prepara-

N o . 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

» H : 

N o . 

23 
24 
25 
26 

Ar 

(Pyrantel) 
2-Thienyl 
2-Thienyl 
2-Thienyl 
3-Methyl-2-thienyl 
Ph 
Ph 
o-MeC6H4 

m-MeC6H4 

p-MeC6H4 

3-FC6H4 

4-FC6H4 

2-ClC6H4 

4-BrC6H4 

2-MeOC6H4 

4-MeOC6H4 

2-Furyl 
2-Furyl 

calcd, 7.7; found, 8.1. 

X n 

3 
CH2 2 
CH2 2 
(CH2)2 3 

" See footnote a, Table I . ! 

N o . 

27" 
286 

29 
30 
31 
32= 

"P. 

X 

CH2 

CH2CH(CH3) 
CH(CH3)CH2 

(CH2)3 

OCH2 

A. S. Smith and J. M. 

Salt 

Tartaric 

HCI 
CH3I 
HCI 

Citric 
HCI 
HCI 
HCI 
HPF 6 

HPF 6 

HCI 
HPF 6 

HCI 
HPF 6 

tive 
method 

A 

B 
B 

B 
A 
A 
A 
A 
B 
B 
A 
A 
A 

l.oFumaric 
<>C: calcd, 

Salt 

HPF 6 

HCI 

39.0; found 

1 
Preparative 

method 

B 
A 
B 
B 

Minimum effective dose 

Salt 

HPF 6 

HCI 
HCI 

HCI 
Sullivan [/. 

Preparative 
method 

B 
B 
B 
B 
B 
C 

Org. Chem., 

Bp (mm) 
or mp, °C 

102 (0,2) 
108-110 
121-123 
137-138 
95 (0.08) 
97-98 

160-162 
103-104 
124-125 

96-97 
93-94 

155-157 
161-163 
151-152 
105-106 
100 (0.06) 
125-126 

Recrystn 
solvent or n^D 

1.5910 
Me2CO 
MeOH-t-PrOH 
?'-PrOH-i-Pr,0 

1.5775 
MeOH-Me2CO 
MeOH-Me2CO 
Me,CO 
Me2CO-C6H14 

EtOAc-CeHu 
H 2 0 
i-PrOH 
i-PrOH 
MeOH-EtOAc 
f-PrOH 

1.5512 
MeOH 

Formula^ 

CioHi3N,S2 

CioHi4ClXS2 

CnH l 6INS2 

CnHieCliS §2 

C12H15NS 
C18H23NO,S 
C13H1SCINS 
Ci3H18ClNS 
CisHuClNS" 
C12Hi6F-NPS" 
Ci2H15F7NPS 
Ci2H13CloNS 
C12H13BrF6NPS 
Ci3H18ClNOS 
CI3HiSF6NOPS 
C,oH13NOS 
Ci6H19XO-S 

, 39.7. c Minimum effective dose against N. dubius. d 

TABLE III 

S X X - < (CI 

Bp, (mm) 
or mp, °C 

170-175 
90 (0.2) 

132-133 
110 (0.04) 

against N. dubius 

TABLE IV 

Bp (mm) 
or mp, °C 

175-176 
104 (0.3)6 

109-111 
122-124 
126 (0.08) 
161-164' 

26, 1132 (1961)] 

i2)n 

Recrystn 
solvent or n2ED Formula0-

EtOH C8H oF6NPS2 

1.6064 C8H9NS2 

Me2CO C9H 12CLNS, 
1.5807 CuHuNS, 

) 
Recrystn 

solvent or n25D 

i-PrOH 
1.5893 
MeCN-EtOAc 
Me2CO 
1.5670 
EtOH-C6H6 

and G. Pinkus [Ber. 

Formula1* 

CioH12F6NPS 
CnHi3NS 
Ci3H18ClNS 
CisHisClNS 
Ci3H17NS 
CnHuClNOS 

26, 1077 (1893 

MED,' 
mg/kg 

12.5 
3.1 
6.2 

500 
1.3 
6,2 

12 
15 

>250 
>200 

62 
>250 

31 
>500 

>62 
>500 

1.5 
3.1 

see footnote a 

MED.6 

mg/kg 

>500 
>500 

500 
62 

MED," 
mg/kg 

>500 
250 

>250 
>250 
>100 
>250 

Days 
given 

Table 1 

Days 
given 

3 
3 
3 
2 

Days 
given 

3 
3 
3 
1 
3 
3 

)] report the free bas< 
6 Pinkus0 reports only the density and N and S analyses. " C. Djerassi and C. H. Scholz [/. Org. Chem., 15, 694 (1950)] report mp 162-
164°. d See footnote a, Table I. " Minimum effective dose against N. dubius. 
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TABLE V 

A r C H = C H -

\ i i . Ar Salt 

33 2-Thienyl 
34 3-Methyl-2-thienyl HC1 
35« Ph 
366 2-Hydroxyphenyl 
37 2-Furyl 

'•' Lit.5 101-102°. 'L i t . 5 191-192°. 

Preparative 
method 

1) 

1) 

I) 

I.) 

u 

.Mp, °C 

119-120 
224-225 
100-101" 
192-193fc 

82-85 

S-1 

Heerystn 
solvent. 

cci, 
MeOH 
CCl, 
C6H6 

C6II„ 

Formula 

C,H,XS.. 
0;„H12C1XS2 

C„HUXS 
CuIInNOS 
C H A O S 

Analyses 

H, X; C 
C, H, X 

X 
X 

(', H, X 
' C: ealcd, 55.3; found, 54.3. '' Minimum effective dose against .V. dubi 

MED,'1 

mg/kg 

>500 
>50(> 
>250 
>500 
>500 

us. 

Days 
given 

TABLE VI 

ArCH=CH-

38 
39 
40 
41 
42 
43 
44 
45 
40 
47 
48 
49 
50 
51 

54 
55 
50 

58 
59 
00 
0.1 
02 
03 
04 
05 
60 
d7 
08 
09 

See too 

Ar 

(Pyrantel) 
2-Thienyl 
2-Thienyl 
3-Thienyl 
3-Methyl-2-thienyl 
4-Met.hyl-2-thienyl 
5-Methyl-2-thienyl 
Ph 

o-MeC6H, 
m-MeC6H4 

p-MeC6H4 

2-EtC6H4 

2-FC6H, 
3-FGH, 
4-FC6H, 
C,F5 

2-ClC8H, 
3-C1CJI, 
4-ClC6H4 

2-BrC6H4 

3-BrC6H4 

4-Bi'CFL 
2-MeOC6H, 
3-Me()C6H4 

4-MeOCeH, 
3,4,5-( MeO)8C6Ho 
2-02XC6H4 

4-0,XC6H4 

4-Me2XC6H4 

2-Furyl 
2-Pytidyl 
3-Pyridyl 
4-Pyridyl 
/-Bu 

note a. Table I. '' M 

Salt 

Tartaric 

Fumarie 
HPF,, 
II CI 
HOI 
HPFS 

HPF 6 

HOI 
HPF, 
II CI 
HC1 
HPF 6 

HC1 
II CI 
HC1 
HOI 
II CI 
HPF 6 

.HOI 
HOI 
HOI 
HPF 6 

HPF 6 

HOI 
HOI 
HPFe 

HPF, 

HPF6 

Preparative 
method 

i) 
].) 

i) 
D 
I) 
D 
1) 
I) 
1) 
I) 
I) 
I) 
I) 
1) 
I) 
1) 
1) 
I) 
1) 
I) 
I) 
1) 
1) 
1) 
I) 
I) 
I) 
1) 
J) 
]) 

1) 
I) 
I) 

M p , 

00-01 
109-171 
149-150 
252-254 
197-198 
144-140 
151-155 
219-221 
120-124 
189-192 
208-210 
176-178 
172 I 75 
208-210 
103-165 
218- 220 
101-102 
100-103 
218 220 
194-195 
187-4 88 
182 - 184 
107- 179 
214-217 
198-200 
190-192 
178-180 
150- 158 
130-131 

78-so 
190-194 

80- 81 
157-158 

-Et..O 

II CI 
inimum effective dose againt A'. dul/iu> 

Recrystn 
solvent 

C^HH 

MeOH 
/-PrOH 
EtOH 
/-PrOH 
CHOI., 
/-PrOH 
Me2CO 
CHCVCeH 
Me2CO 
MeOX 
EtOH 
MeOX 
/-PrOH-Et2 

EtOH 
EtOH 
/-PrOH 
f-PrOII 
EtOH 
MeOX 
MeOX 
MeOH 
MeOH 
/-PrOH 
/-PrOH 
MeOH 
C6II6 

C6H6 

/-PrOH 
El 4) 
MeOX 
Et20 
Me2CO 

E t 2 o 

r'orm\ilatt 

OitiHnXSa 

C14Hl;,NO,S2 

C,»H12F6XPS2 

0„H14CTXS2 

O U H H C I X S , 

C„H14F6XPS2 

0,,H14F6XPS 
OJLsCTXS 
C,:,H,8F6XPS 
C13HI6C1XS 
C14H15C1NS 
CI2H13F7XPS 
0,,H l ; iClFXS 
C12H!3C1FXS 
C,2H»F.3CiXS 
C,2H13C12XS 
C12HI3C12XS 
c12n,3oiF6xps 
0I2H13BrCLXS 
O.Hi.BrClXS 
0, :H,:,BrClNS 
( 
( 

;,H,6F6XOPS 
TLeFeXOPS 
TWCIXOS 
,H,CCIXO3S 
2 I I 1 3 F 6 X 2 0 2 IV 

2 H 1 2 X 2 0 2 S 

C1 4H1 SX,S 

0 1 ( J I l 2 F 6 X O P S 

O u H 1 2 N 2 S 

C , ; H „ F B X 2 P S 

0 , ; H I 2 X 2 S 

C:oH,sOLX,S 

MED,6 

mg/kg 

12.5 
15 
25 

250 
12.5 

250 
250 
125 
62.5 

>2000 
250 
250 
250 
250 
250 

>1000 
250 
250 
500 
250 

>250 
250 

>500 
>500 

250 
>250 

250 
>500 
>250 

250 
>250 
>250 
>250 
>250 

Days 

TABLI; VII 

EFFHCT OF RING SIZE OX POTF.XCY. PART I 

/XX 
ArCH,CH. r 

s-
(CH2)„ 

-MED/1 mg/kg, va. X. dubius 

Phenyl 2-Thienyl 2-Furyl 

2 >500 250 250 
3 6 3 1.6 

" Based on per cent of active material present in the various 
•alt forms. 

TAHLK VIII 

EFFKOT OF .RIXG SIZK ox POTFXCY. PART 2 

ArCH=-CH—{ 7cH2)„ 
X S ^ 

MED." nw/kg, r*. A", rfiilm 

Plieml 2-Thienyl 2-Furyl 

2 >25i) >50ll >500 
3 7D Hi 140 

" Based on pe r cenl of ac t ive ma te r i a l p re sen t in t h e va r ious 
salt forms. 

lengthening it results in a sharp reduction of potency 
(see Table X). 

An interesting inverse relationship between the two 

series is illustrated by the data in Table XL In the 
tetrahydropyrimidine series, iVa/is-viirylene compounds 
are generally more potent than the corresponding 
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TABLE IX 

EFFECT OF RING SIZE ON POTENCY. PART 3 

\f\cH&-( (CH2), 

-MED, 1 mg/kg, vs. Ar. dubius— 
X 

n S XCHa 

2 250 25 
3 3 25 

" Based on per cent of active material present in the various 
salt forms. 

TABLE X 

EFFECT OF CHAIN LENGTH ON POTENCY 

N / \ C H 2 ) „ - H f ) 

-MED*1 mg/kg vs. A", dubius— 

X 0 1 2 3 

S >280 420 3 62 
NH >85 >300 85 >420 

" Based on per cent of active material present in the various 
salt forms. 

rapidly and quantitatively isomerized to the corre
sponding trans compounds. At the present time, it is 
difficult to conceive of simple experiments to differen
tiate these possibilities. 

The Aromatic System.—The structure-activity rela
tionships in the aromatic portion of pyrantel analogs 
depend considerably upon the nature of the basic 
function and whether the connecting chain is ethylene 
or Irans-vinylene (see Tables VII, VIII, XII, and 
XIII). In the amidine series and in the 2-(2-arylvinyl) 

TABLE XII 

EFFECT OF VARIOUS AROMATIC SYSTEMS 

ON POTENCY. PART 1 

ArCH,CR rT\ N-

-MED," mg/kg, vs. N. dubius-
Ar 

X 

S 
NH 
NCH3 

Phenyl 

6 
>100 
MOO 

2-Thienyl 

3 
85 
25 

2-Furyl 

1.6 
>85 

" Based on per cent of active material present in the various 
salt forms. 

TABLE XI 

EFFECT OF THE NATURE OF THE CHAIN ON POTENCY 

XCH3 

N -

-MED, 0 mg/kg vs. .V. dubius— 
Y 

CHsCHi 

3 
25 

C H = C H 
{trans) 

15 
5 

C H = C H 
(cis) 

~ 1 5 
150 

" Based on per cent of active material present in the various 
salt forms. 

TABLE XIII 

EFFECT OF VARIOUS AROMATIC SYSTEMS 

ON POTENCY. PART 2 

/ N " \ 
A r C H = C H - ^ ) 

-MED, a mg/kg, vs. X. dubius-
Ar 

X Phenyl 2-Thienyl 3-Thienyl 2-Furyl 

S 70 16 140 140 
XCH3 35 5 15 77 

" Based on per cent of active material present in the various 
salt forms. 

ethylene derivatives. In the dihydrothiazine series the 
converse is true. 

A still more curious observation concerns the effect 
upon activity associated with the transformation 
trans —*• cis. In the tetrahydropyrimidine series a large 
reduction in potency occurs, but in the dihydrothiazine 
series the efficacy of the cis isomer is indistinguishable 
from that of the trans (see Table XI). The cis isomer 
of pyrantel is readily prepared by the action of sunlight 
on a methanolic solution of its tartrate salt. This 
isomer is reasonably stable and can be purified by 
fractional crystallization to obtain a salt which is 
easily characterized by nmr, uv, and ir spectroscopy. 
It must be admitted, however, that the cis isomer of the 
dihydrothiazine analog (38) has not yet been isolated 
in the pure state. This compound has a marked ten
dency to reisomerize to the more stable trans compound, 
and so far attempts to purify crude preparations have 
led to the isolation of only the trans isomer. Neverthe
less, experiments have been conducted which indicate 
that the cis isomer of 38 is equipotent to the trans (see 
Experimental Section). 

Similar experiments conducted with 41 gave the 
same result, i.e., the cis isomer is just as potent as the 
trans. There are at least two explanations for this 
phenomenon: (i) the cis isomers are intrinsically just 
as potent as the trans, or (ii) in vivo the cis isomers are 

subgroup of the dihydrothiazines, 2-thienyl is dramatic
ally superior to other aromatic systems (see Tables 
XII and XIII). However, in the 2-(2-arylethyl) 
subgroup of the dihydrothiazine series, phenyl is only 
slightly inferior to 2-thienyl and in one instance (21) 
2-furyl is superior. 

As in the amidine series, substitution of the "ortho" 
position (i.e., the position adjacent to where the connect
ing chain is attached to the aromatic ring) by a group 
with approximately the same degree of lipophilicity as 
methyl is usually not harmful to activity and fre
quently results in enhanced potency. In the amidine 
series, substitution at other aromatic positions almost 
always results in the loss of activity. However, such is 
not the case with dihydrothiazines. As is particularly 
evident from the data in Table VI, "meta" and "para" 
substitution may result in reduced potency, but activity 
is only occasionally abolished. 

Spectra of Activities.—Among the compounds which 
have been discussed, pyrantel is the one most widely 
tested against other helminth species and in hosts other 
than the mouse. Among the dihydrothiazines, 6 in 
various salt forms has received the most attention. 
Both pyrantel and 6 are representative of their own 
classes, and a comparison of their activities against 
various parasites would be indicative of the similarity 
or differences of the spectra of activity between the two 
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.XTEL VS. 

estate 

Adult 
Adult 
Adult 

C 

Immature 
Enteral 
Larval 
Adult 
Adult 
Adult 
Adult 
Adult 
Adult 

rABLK 

OMPOl' 

X I V 

XD 6 AGAINST 

-MED, 
P y r a m i d 

5 1) 

12.(1 

34 0 

116.0 

2 .">.(] 

I ) . A 

Inactive 
2 .1 
.").() 

I n a c t i v e 

Enact ive 

I n a c t i v e 

V A R I O U S P A R A S I T H S 

" in<r ky; -

6 

3 , o 

1 6 . I I 

s . "> 

17 (i 

(5s (l 

;•>.").() 
Inac t ive 

vo 
s.O 

Inac t i ve 

I n a c t i v e 

I n a c t i v e 

- M K C ' . " - ' 
P y r a n t e l 

0 . 0 0 6 

(1.006 

0 . 0 0 6 

(1,0(16 

(1 120 

0 006 

Inac t ive 

' ' ; in Iced- -

6 

0 . 0 0 7 

0 . 0 1 2 

> 0 012 

>0 , ( )34 

Inac t i ve 

Host Parasite 
.Mouse Xematospiroides dubius 

X ippostrongylvs m uri" 
St/phacia obvehita 

Trichinella spiral it 
A scan's suum 
Hi/menolepis nana 

Dog Ancylostoma caninitin 
Toxocara canis 
Trichuris vulpin 
D ipylidiutn can in am 

Taenia pisofonni* 

Based on per cent of active material in the various sail forms. '' Minimum effective concentration. 

series. For this purpose, see Table XIV. In general, 
each compound is active against the same organisms, 
but there is no parallel between the AIED's. Against 
some organisms 6 is more potent than pyrantel, but 
more often than not the reverse is true. In fact, the 
potency of a compound is also sometimes dependent on 
the method of administration. By direct dose 6 is more 
potent than pyrantel against St/phacia obvelata, but in 
the feed pyrantel is the more potent compound. 

In conclusion, it appears that the spectrum of com
pounds which show activity in the Ar. duhim test is 
broader for the dihydrothiazine series than for the 
tetrahydropyrimidine series. Although there are 
quantitative differences in potency, each series has a 
similar spectrum of sensitive helminths. 

Experimental Section 

Boiling points ate uncorrected; melting points were determined 
on a Mel-Temp melting point apparatus (Laboratory Devices, 
Cambridge, Mass.) and are corrected. Many of the nitriles used 
a- intermediates have been described elsewhere.2 Where analyse-
are indicated only by symbols of the elements, analytical results 
obtained for those elements were with :—0.4' ,' of the theoretical 
values. 

Method A. Reaction of a Nitrile with Cysteamine or 3-Amino-
1-propanethiol. The procedure of Kuhn and Drawer!3 was 
followed. 

Method B. Reaction of an N-(3-Hydroxypropyl)amide with 
P 2 S , 5,6-Dihydro-2-[2-(3-methyl-2-thienyl)ethyl]-4H-l,3-thi-
azine Hydrochloride (9).--A stirred mixture of 23.5 g (0.13s 
mole) of 3-methyl-2-thiophenepropionie acid, and 10.4 g (0.13* 
mole) of 3-ammo-l-propanol was heated slowly to 200°. Toward 
the end of the heating period, a slow stream of dry K2 was 
blown over the melt to remove traces of HjO. The mixture was 
allowed to cool to 150°, and 6.7 g of PoS.-, was added portionwise. 
The flask was fitted with vacuum distillation equipment. The 
more volatile components were removed at 15-20 mm, and 5,6-
dihvdn>-2-[2-(3-methvl-2-thienyl)ethyl]-4H-l,3-thiazine was then 
distilled: yield 15.3 g (49', '), bp' 150-160° (0.1 mm), nuu 
1.5820. A solution of the free base so obtained and 100 ml of 5 
A' dry HC1 in MeOII was evaporated under reduced pressure. 
The residue was recrystallized to furnish analytically pure 9. 

3-Methyl-2-thiophenepropionic acid (71) was prepared from 
3-methvl-2-thiopheneacrvlie acid bv a modification of the method 
of Sain and Thompson,'11 vield Ol'-,, mp 64-66° (from H20). 
Anal. I C S H N A S ) C, H, S. 

Method C. Reaction of a Thioamide with 3-Bromo-l-propyl-
amine. 5,6-Dihydro-2-phenoxymethyl-4H-l,3-thiazine (32).— 
The procedure of Djerassi and Seholz9 was followed. 

Method D. Condensation of 2-Methyl-5,6-dihydro-4H-l,3-
thiazine and an Aldehyde. 5,6-Dihydro-2-[2-(2-thienyl)vinyl]-
4H-l,3-thiazine Hydrogen Fumarate (39).—A solution of 11.5 g 
(0.1 mole) of 5.6-dihydro-2-methyl-4H-l,3-thiazine,7 11.2 g 

( I t ) J. Sam and A. ( ' . T h o m p s o n , J. I'lmrm. Sri., 52, 898 (19631. 

was prepared ii 
vield s3< ,, l,p 7 
C, IE, X. 
-The acid chloride was 

on 4-fluorohydrorinnamic acid in 
z and ice bath cooling, the acic 

i mantiei 
76° (().()." 

prc-

(0.1 mole; of 2-thiophenecarboxaldehyde, and 40 ml of xylene 
was heated under reflux in an apparatus which included a Dean-
Stark moisture trap. After 12 hr, 1.1 ml of H 2 0 had collected in 
the trap, and heating was stopped. The xylene was evaporated 
at approximately I mm (bath temperature 40-60°) in a rotary 
film apparatus, and the residue was taken up in 40 ml of Me2C(). 
A solution of 5.1 g (0.044 mole) of fumade acid in 100 ml of MeOII 
was added portionwise to the AIe2CO solution. Yellow crystals 
of 39 formed. The product was recrystallized to furnish analyt
ically pure 39, yield 3.9 g ( 1 2 ' ( ) . 

3-Methylhydrocinnamonitrile (72) was prepared by the hydro-
genation2 of 3-methvlcinnamonitrile; vield 70'7, bp 64—6SC 

(0.1 mm;, «.'"» 1.51N3. Anal. 'C.EEuXi C. X. II: calcd, 7.6: 
found, 10.0. 

3-Fluorohydrocinnamonitrile (73) was prepared by the action 
of (V,IE,-,SO;Cl on 3-fluorohvdrocinnamamide in pyridine::- vield 
S 3 ' , , bp 140-144° (20 mm). Anal. (C.,IE„FN) C, H, X. 

4-FIuorohydrocinnamonitrile (74) 
analogous to that of the 3 isomer: 
mini, >i-h> 1.4980. Anal. iCTUFN 

4-Fluorohydrocinnamamide (751. 
pared by the actionof SOOb 
Cello With vigorous M'irrin: 
chloride was poured into XIEjOIE to furnish (lie amide, yield 
5 6 ' , . mp 100 102° (from 11,0 .MeOII i. Anal. ' C I I „ F X O ; 
(', II. X. 

Anthelmintic Activity of ™-5,6-Dihydro-2-[2-(2-thienyl)vinylj-
4H-l,3-thiazine. A solution of 125 mg of ,V«Hs>-5,6-dihydro-2-
2-i2-thienvl)vinvli-4II-l,3-thiazine hydrochloride hydrate |76: 

mp ls-l-ls(5= I MeOII Me2CO). Anal. (C,„EE„XS2-IIC:i-lI2Oi 
(". II, X! and 100.0 ml of H2() was divided into two equal portions, 
each stored in a Pyrex glass volumetric flask. One portion was 
placed in a box which effectively excluded light from the sample. 
The box and the other portion of the solution were then placed 
on a shelf which was lighted by a window (northern exposure, 
i.e.. no direct sunlight fell on the sample) and by fluorescent 
lighting. The concentration of 76 was such that 0.5 ml delivered 
a dose of 25 mg'kg to a 20-g mouse, and such that when diluted 
200:1 a reasonable ttv spectrum could be obtained. Since 25 
mg kg is the M E D of 76 the loss of anthelmintic activity can be 
readily detected in this system. At various intervals, uv spectra 
from both the light-exposed and unexposed solutions were 
measiued (see Table XV). After 3 days a very dramatic change 
in the uv spectum of the light-exposed solution was observed, and 
after 10 and 17 days further exposure only smaller, less significant 
changes occurred. The control sample stored in the dark ex
hibited no significant change in its uv spectrum during the entire 
course of the experiment (31 days'). En a parallel experiment, 125 
mg of pyrantel citrate in 100.0 ml of H20 was treated in a manner 
analogous to that described above. 

At days 1, 3, and 17 mice infested with X. dubius were given 
0.5 ml of the various light-exposed and dark (control) solutions. 
Each treatment group consisted of four male mice: 3 days after 
treatment the mice were sacrificed and the worm burdens 
counted. The burdens were then compared to those of infected 
untreated controls. Table XVI summarizes the results obtained. 
As is apparent from Table XVI, the aqueous solution of 76, 
after prolonged exposure to light, has not lost significant anthel
mintic activity, even though 76 has obviously undergone a 

16.ii
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Day 

1 
3 

10 
17 
24 
31 

TABLE XV" 

C355 

20,600 
10,200 
10,300 
8,250 

10,100 
13,000 

«!90C 

8250 
7700 
7480 
7100 
7050 
7090 

635s/e29 

2.5 
1.3 
1.4 
1.2 
1.4 
1.8 

Exposure 

Light 
Light 
Light 
Light 
Dark 
Dark 

° Changes in the uv spectrum of trans-76 on exposure to (i) 
diffuse daylight, fluorescent lighting for 17 days, and (ii) after 
exposure to light and storage in the dark for 14 days. h Calcu
lated e value at 355 mji, a maximum in spectrum of 76. c Calcu
lated e value at 290 m/*, another maximum in the spectrum. 

TABLE XVI« 

Sample 

76 
Exposure 

Dark 
Light 
Dark 
Light 

1 Table is explained in the text. 

Pyrantel 

% redn of .V. dubius 
r—burden at 25 mg/kg—---
Day 1 Day 3 Day 17 

99 93 
99 90 
99 99 
99 78 

82 
89 
96 
15 

dramatic change in chemical structure. In the parallel experi
ment, the pyrantel solution lost activity upon exposure to light. 
From previous experience2 it is known that pyrantel is readily 

converted to its cis isomer by the action of light, and that the 
cis isomer is only about 0.03 times as potent as the trans isomer. 

That the apparent isomerization of 76 is reversible is indicated 
by the continuation of the experiment. The light-exposed 
solution was placed in the dark box, and was allowed to stand 
there at room temperature for 2 weeks. The uv spectrum was de
termined after 7 and 14 days in the dark. Although little change 
was observed after 1 week, it was apparent that b\ ' 2 weeks the 
original spectrum of the trans isomer was beginning to emerge 
(see Table XV). However, the uncatalyzed rate of conversion 
back to the trans isomer is too slow to account for the observed 
activity of the presumed cis isomer. In one effort to isolate the 
cis isomer of the free base 38, an oil was obtained; an attempt to 
crystallize this material resulted only in the isolation of unchanged 
trans isomer.12 Thus, it appears that whatever change 76 
undergoes on exposure to light, it is readily reversible and is 
therefore unlikely to involve an oxidative cyclization or a similar 
irreversible change of structure. The common experience that 
light induces the isomerization of (rans-olefins to the cis isomers 
and the analogy to pyrantels reaction to light strongly suggest 
that the light-induced change in 76 is also to the cis isomer. 
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Six (fl(S)-a-(dialkylaminomethyl)-2-quinoxalinemethanols were prepared from 2-tetrahydroxybutylquin-
oxaline via an eight-step sequence. Neither intermediates noi target compounds (diethylamino through di-n-
heptylamino derivatives) possessed antimalarial activity against Plasmodium berghei in mice. 

Certain quinolinemethanols,2 long used as antimalar
ial agents, frequently have less activity toward newer 
strains of malaria organisms. Because of the similarity 
of quinoline and quinoxaline, as well as the presence of 
the quinoxaline moiety in some broad spectrum (but 
toxic) antibiotics,3 it was hoped that quinoxaline 
analogs of quinoline antimalarials would exhibit anti
malarial activity. The purpose of this paper is to 
report the synthesis of a series of (#$)-«-(dialkylamino-
methyl)-2-quinoxalinemethanols, incorporating di
ethylamino through di-n-heptylamino groups, for testing 
as antimalarials. 

Chemistry.—The desired synthetic objective was at
tained via the sequence D-ara5wo-2-tetrahydroxybutyl-
quinoxaline (l),4 2-quinoxalinecarboxylic acid (2),4 

2-quinoxaloyl choride (3),4 2-diazoacetylquinoxaline (4), 
2-chloroacetylquinoxaline (5), (i?S)-a:-(chloromethyl)-

(1) (a) Paper XIV of this series: S. Gerchakov and H. P. Schultz, J. Med. 
Chern., 12, 141 (1969). (b) Contribution No. 691 from the Army Research 
Program on Malaria, supported by the U. S. Army Medical Research and 
Development Command via Contract DADA 17-67-C-7064. 

(2) G. R. Coatney, W. C. Cooper, N. B. Eddy, and J. Greenberg, Survey of 
Antimalarial Agents, Public Health Monograph No. 9, U. S. Government 
Printing Office, Washington, D. C , 1953. 

(3) H. Otsuka and J. Shoji, Tetrahedron, 23, 1535 (1967), and references 
therein. 

(4) S. Gerchakov, P. J. Whitman, and H. P. Schultz, J. Med. Chem., 9, 266 
(1966). 2-Quinoxaloyl chloride is now commercially available. 

2-quinoxalinemethanol (not analyzed) (6), (RS)-2-
quinoxalinepoxyethane (7), and (fl*S)-a-(dialkylamino-
methyl)-2-quinoxalinemethanols (8). 

2-Quinoxalinecarboxylic acid was prepared from 1 
by a considerable improvement of existing procedures, 
the material being isolated and purified as its Xa salt. 
Treatment of 3 with CH2X2 gave 4 (not isolated), which 
was transformed by standard methods into 5. A 
variety of reaction conditions failed to transform secon
dary amines and 5 into the corresponding amino 
ketones; only red, irresolvable tars were obtained. 

The reduction of 5 with NaBH4 gave 6, unstable, 
flaring within 1-10 hr of drying to black ash, from which 
small flakes of 2-acetylquinoxaline were isolated manu
ally. Nonetheless, freshly isolated 6 was treated 
immediately with Et2XH in an attempt to form a target 
compound 8, either via a substitution reaction on 6, or 
via transformation in situ of 6 into 7, which in turn 
could react with Et2NH to yield 8. However, only 2-
acetylquinoxaline was obtained, possibly by a reaction 
mechanistically related to the hydramine fission 
(Scheme I). Alternatively, elimination of HC1 from 
6 may have been spontaneous (vide supra), or promoted 
by basic X atoms of the quinoxaline nucleus. 

The amino ketone or chlorohydrin (6) derivatives of 
quinoxaline were thus eliminated as direct intermediates 


