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Data are presented on the antiworm activity against Turbatrix aceti of
à¬6 isothiocyanates derived from stilbene, azobenzene, arylalkylsulphides, diaryl-
sulphides, arylalkylsulphones, diarylsulphones, as well as 4-terphenyl isothio-
cyanates, 4-phenoxyphenyl, diphenylmethane, and diphenylamine derivatives
of isothiocyanates. A noteworthy activity against T. aceti has been found
for 4-substituted phenoxyphenylisothiocyanates, 4-methylsulphidphenylisothio-
cyanates, 4-methylsulphonephenylisothiocyanates, and 4-benzylsulphidphenyl-
isothiocyanate.

In previous papers we characterized the activity of phenylisothiocyanates1},
diphenyl-, benzhydryl-, and aryl-alkylisothiocyanates2) on Turbatrix aceti. In this

communication we deal with the antiworm activity of isothiocyanates of the general
formula R-C6H,-X-C6H4, where X= -N=N-, -CH=CH-, -NH-, -CH2-, -O-, -C6H4- ;

they present isothiocyanates derived from stilbene, azobenzene, diphenylamine,
diphenylmethane, phenoxyphenyl, and diphenyl. Besides these derivatives, other

groups studied include R-X-C6H4-NCS, where X=S or SO2, and R is an aryl or alkyl
radical. Our previous data on the noteworthy activity of diphenylisothiocyanates

against T. aceti and other data2) on the antihelminthic activity of these isothiocyanates
inspired us to focus our attention on the afore-mentioned compounds. Furthermore,
some isothiocyanate derivatives of stilbene and azobenzene are interesting because
they represent analogues of known carcinogens, possessing meanwhile biological
properties differing from them3). Our interest in isothiocyanate derivatives of
arylsulphides and arylsulphones follows from the fact that 4,4/-diisothiocyanate
diphenylsulphone, has low toxicity and shows noteworthy cesticidal activity19). In

addition, the sulphur derivatives included in the present work, representing phenyl-
isothiocyanate derivatives, exhibit antifungal and antibacterial activity10).

Present address : Institute of Organic Chemistry, Faculty of Natural Sciences, Safarik Univer-
sity, Kosice, Czechoslovakia.
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Experimental Procedure

Compounds studied :
Tables 1^-5 show the structural formulae of the isothiocyanates studied and references

describing their preparation and their physico-chemical properties. All the compounds

u

nder study were prepared in our laboratories ; most of them are new compounds.
Materials and methods :
For testing antiworm activity a strain of Turbatrix aceti was used as described

previously2).

Results and Discussion

In Tables 1^5 are presented the antiworm activities of the isothiocyanates studied
against Turbatrix aceti. They are characterized by the values of ED100, i.e. the

minimal inhibitory concentration, causing irreversible arrest of motility, expressed in
//g/ml and in mole/liter. In order to facilitate the comparison of activities, the

activity of each compound is expressed relative to that of phenylisothiocyanate.
Table 1 summarizes the data on the antiworm activity of stilbene isothiocyanates

.and substituted stilbenes. Except the fundamental 4-stilbeneisothiocyanate, these
compounds are ineffective against T. aceti. Likewise ineffective is the group of isothio-
cyanates derived from azobenzene with the exception of azobenzene-4-isothiocyanate
with halogen in position -4'-, exhibiting minimal activity (Table 2). Extremely low

water solubility is characteristic of the afore-mentioned group of compounds. Some
of these compounds exhibit conspicuous effects on animal cells such as Ehrlich ascites
carcinoma cells, in which they cause inhibition of glycolysis in low concentrations^.

Table 3 presents the isothiocyanates derived from diphenylamine, diphenyl-
methane, 4-phenoxyphenyl-, and 4-terphenyl-. With the exception of diphenylamine-
4-isothiocyanate, 4-phenoxyphenylisothiocyanate and its 4'-substituted analogues, these
compounds fail to exhibit any activity at all or their activity is weak.

Of all sulphur derivatives of isothiocyanates studied (Tables 4 and 5), a pronounced
activity against T. aceti was found only for the group of (4-isothiocyanatophenyl)-

Table 1. Activity of stilbene isothiocyanates against Turbatrix aceti.
S C N x  A CH = C H A > - R    R =

M o l .  w t .
R e f e r e n c e

 E D l (tig/ml mole/liter�"10-5 R E *

H - H - H - N C S - c H 3 - c H 3 - O - ( C H 3 )  2 = N - c l - B r -
4

4

3

3

3

3

3

3

3

3

> 1 0 0

> 1 0 0

2 5

> 1 0 0

> 1 0 0

> 1 0 0

> 1 0 0

> 1 0 0

> 1 0 0 > 1 0 0

> 4 2 > 4 2

l l

> 3 4

> 4 0 > 3 7

> 3 6 > 3 4

> 3 7

> 3 2

< 0 . 1 2

< 0 . 1 2

0 . 4 6

< 0 . 1 5

< 0 . 1 3

< 0 . 1 4

< 0 . 1 4

< 0 . 1 5

< 0 . 1 4

< 0 . 1 6

*

Relative effectivity compared with that of phenylisothiocyanate (molar concentration) ED100 for
phenylisothiocyanate : 5.01-10"5 mole/liter.
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alkylsulphides and (4-isothiocyanatophenyl)-alkylsulphones where the methyl group

constitutes the aliphatic radical. It is surprising that such isothiocyanates with an

aliphatic radical longer than the methyl group, or with an ethyl group, are practically
ineffective against T. aceti. Likewise ineffective are the isothiocyanate derivatives of

T a b l e  2 .  A c t i v i t y  o f a z o b e n z e n e is o t h i o c y a n a t e  a n a lo g u e s  a g a in s t T u r b a t r i x  a c e t i .

> - N = N - <
M o l . w t . R e f e r e n c e

E D l (

R E *
m o l e / li t e r

R i =      R 2 =    - N C S fi g lm i o -

H - H - 4 - 2 4 0 .  3 0 7 1 0 0 4 2 0 . 1 2

4 - C H o - H - 4 - 2 5 3 .  3 2 8 > 1 0 0 > 3 9 < 0 . 1 3

4 - N C S - H - 4 - 2 9 6 . 3 9 8 > 1 0 0 > 3 4 < 0 . 1 5

4 - N O 2 - H - 4 - 2 9 6 .  3 0 8 > 1 0 0 > 3 4 < 0 . 1 5

4 - ( C H 3 ) 2 = N - H - 4 - 2 8 2 .  3 6 5 > 1 0 0 > 3 5 < 0 . 1 4 :

4 - C H o - O - H - 4 - 2 6 9 .  3 2 8 > 1 0 0 > 3 7 < 0 . 1 4

4 - C l - H - 4 - 2 7 5 . 7 4 8 5 0 1 8 0 . 2 8

4 - B r - H - 4 - 3 1 9 . 2 1 8 5 0 1 7 0 . 2 9

2 - C H o- 3 - C H ｫ ｰ 4 - 2 6 7 .  3 4 8 > 1 0 0 > 3 7 < 0 . 1 4

4 - ( C H 3 ) 2 = N - 2 - C I V 4 - 2 9 6 .  3 9 5 > 1 0 0 > 3 4 < 0 . 1 5

4 -  ( C H 3 ) 2 = N - 3 - C H a- 4 - 2 9 6 .  3 9 5 > 1 0 0 > 3 4 < 0 . 1 5

4 -  ( C H 3 ) 2 = N - 6 - C H 3- 3 - 2 9 6 .  3 9 5 > 1 0 0 > 3 4 < 0 . 1 5

4 -  ( C H 3 ) 2 = N - 4 - C H a - 3 - 2 9 6 .  3 9 5 > 1 0 0 > 3 4 < 0 . 1 5

4 - ( C H 3) 2 = N - H - 3 - 2 8 2 .  3 6 5 > 1 0 0 > 3 6 < 0 . 1 4

4 - ( C H 3) 2 = N - 3 - C H U - 2 - 2 9 6 .  3 9 6 > 1 0 0 > 3 4 < 0 . 1 5

* See footnote of Table 1.

T a b l e  3 .  A c t iv it y  o f  is o t h io c y a n a t e  d e r i v a t i v e s  o f 4 - t e r p h e n y l , 4 - p h e n o x y p h e n y l ,

d i p h e n y l a m i n e  a n d  d i p h e n y l m e t h a n e  a g a in s t T u r b a t r i x  a c e ti .

R - < > - x - <f  > - N C S

R -    X -

M o l .  w t . R e f e r e n c e

E D l (

R E *
u g / m l m o l e /l i t e r�"H r 5

H - - N H - 2 2 6 .  2 9 1 6         6 . 5      2 . 9 1 . 7

N O 2 - - N H - 2 7 1 .  2 9 1 6 >  5 0 > 1 8 < 0 . 2 8

H - - C H o - 2 2 5 .  3 0 1 6 >  5 0 > 2 2 < 0 . 2 3

C H o- - C H 2 - 2 3 9 .  3 3 1 6 >  5 0 > 2 1 < 0 . 2 4

( C H 3 )  2 = N - - C H 2- 2 6 8 .  3 7 1 6 >  5 0 > 1 9 < 0 . 2 6

N O 2 - - C H o - 2 7 0 .  3 0 1 6 >  5 0 > 1 9 < 0 . 2 6

C H o- C O - N H - - C H 2 - 2 8 3 .  3 6 1 6 >  5 0 > 1 8 < 0 . 2 S

S C N - - C H 2 - 2 8 2 .  3 8 1 6 >  5 0 > 1 8 < 0 . 2 8

H - - O - 2 2 7 .  2 8 1 8 1 4 6 . 2 0 . 8 1

C H q - - O - 2 4 1 .  3 0 1 6 1 4 5 . 8 0 . 8 6

S C N ~ - o - 2 8 4 .  3 5 1 6 1 6 5 . 6 0 . 8 9

C l - - 0 - 2 6 1 .  7 2 1 6 1 0 3 . 8 1. 3

B r - - O - 3 0 6 .  1 8 1 6 1 2 3 . 9 1. 3

H - - C 6 H 4 - 2 8 7 .  3 7 1 7 > 1 0 0 > 3 5 < 0 . 1 4

B r - - C 6 H 4 - 3 6 6 .  2 8 1 7 > 1 0 0 > 2 7 < 0 . 1 9

N O 2 - C 6 H 4 - 3 3 2 .  3 7 1 7 > 1 0 0 > 3 0 < 0 . 1 7

* See footnote of Table 1.
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Table 4. Activity of arylsulphide and alkylsulphide analogues
of phenylisothiocyanate against Turbatrix aceti.

Mol. wt. Reference
ED1(

/ig/m l mole/liter
à"io-5

RE*

CH3

CH3-CH2-

CH3- (CH2) 8-
CH8- (CH2) u-

N02-

(CH3)2-N-<

sen-/ y

181. 28

197. 80

293. 48

335. 56

167. 26

322. 25

277. 79

257. 37

288. 34

286. 41

310. 42

ll

ll

12

12

13

14

14

14

14

14

13

0.2

>100

>100

>100

>100

>100

>100

>100

>100

>100

>100

0.ll

>51

>34

>30

>60

>31

>36

>39

>35

>35

>32

46

<0.10

<0.15

<0.17

<0.08

<0.16

<0.14

<0.13

<0.15

<0.15

<0.16

* See footnote of Table 1.

Table 5. Activity of alkylsulphone and arylsulphone analogues of
phenylisothiocyanate against Turbatrix aceti.

Mol. wt. Reference
ED1(

figjm l mole/liter
à"icr5

RE*

CH3

CH3-CH2-

(CH3) 2CH-
CH3(CH2)6-

CH3(CH2) 8-
CH8(CH2) n-

>-CH2-

213. 28

227. 30

241. 33

373. 52

401. 58

443. 65

289. 37

259. 34

309. 79

353. 25

289. 37

314. 34

318. 41

236. 22

ll

ll

ll

ll

12

12

15

13

14

14

14

14

14

13

0.2

100

100

>100

>100

>100

>100

>100

>100

>100

>100

>100

>100

>100

0. 094

>44

>41

>27

>25

>23

>35

>39

>32

>28

>35

>32

>31

>42

53

<0.ll

<0.12

<0.19

<0.20

<0.22

<0.14

<0.13

<0.16

<0.18

<0.14

<0.16

<0.16

<0.12

* See footnote of Table 1.
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diphenylsulphone and diphenylsulphide, including 4,4'-diisothiocyanate diphenyl-
sulphone whose cesticidal efficacity against Hymenolepis nana has been confirmed

also in experiments in vivo.
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