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it has been suggested in a previous communication th~ 
:hiocarbamates is primarily ascribable to their tra~ 
~ponding diisothiocyanates (KL6PPING AND VAN DER 

(-) S--C--N-- (CH~)2--N--C--S(-) S = C = N--(C 
tl H H II 
S S 

ethylene bisdithiocarbamate ion 

Fhe biochemical mode of bisdithiocarbal 
[ned, however, still obscure. Interference with the re! 
,ccount for growth inhibition, since the concentrati 
ition of respiration is considerably higher than that 
DER KERK AND KLOPPING~). I t  has been found, more 
s from that  of a chemically closely related group of 
~carbamates and their oxidation products the thiuran 
of this latter group were found to be strongly antago 
sdithiocarbamates and diisothiocyanates is not inf 

of action bisdithiocarbamates and diisothiocyanat 
respiration of the moulds cou 

concentration of fungicide required fi 
that  required to prevent grow1 

moreover, that the mode of acti( 
fungicides, the lower dialk 

,m sulphides; while represent 
antagonized by histidine, the acti( 

influenced by this amino ac 

of the latter two groups has revealed that thiol compoum 
y almost completely. I t  seems highly probable that th 
ut by a direct chemical reaction of fungicide and -S 
race of the cell constituents. This reactivity towards add~ 
~t the antifungal action of the bisdithiocarbamates and tt 
L reaction between the fungicide and essential -SH cor~ 

MATERIALS AND METHODS 

~carbamate (nabam**) and tetramethylene diisothiocyanate (TMD 
the bisdithiocarbamates and diisothiocyanates, respectively. 
ed out with a strain of Penicillium italicum and of Aspergillus nig 

~ec. tray. chim., 71 (1952) 1179. 
erican Phytopathological Society. 

remained 
not account 
inhibition 
(VAN 
differs 
dithiocarbamate 
fives 
of bisdithiq 
(SIJPESTEIJN AND VAN DER KERK 3) 

A search for antagonists 
can abolish their fungitoxity 
inactivation is brought about 
compound, without interference 
thiol compounds suggests that 
diisothiocyanates is due to a 
pounds in the cells. 

Disodium ethylene bisdithiocarb 
were used as a representative of the 

The experiments were carried 

* Previous communication: Rec. 
* * Name approved by the Americ 
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7ungitoxity on glucose agar. The toxicity of nabam app, 
le pH of the medium, in so far as it was somewhat 
ast hereto the action of TMDI proved to be indepen 
tntagonistic activity o/ different compounds. When : 
mino acids, Difco) was incorporated in the medium 1 
[ned unchanged at all pH values. This result seeme 
amino acids antagonize these fungicides. Yet, as ce~ 
badly represented in casein hydrolysate, these wet( 

m equivalent to 0.2% of the L-isomer. Thus glycir 
yptophan, DL-threonine and L-cysteine were tested s 
for nabam. Whereas the first five compounds were i! 
exceptional activity in counteracting nabam (Fig, 
I though the effect of pH on the antagonistic activ 
ring between pH 5 and 6 (Fig, 2). 
2ysteine is not specific in counteracting these fungic 
:periments in which thioglycollic acid was used instea( 
~¢ith this compound the effect of the pH on the antago 

['he antagonistic effect of thiol compounds on both f 
:e. As an example, the result obtained with the combi: 

reactive, L-cysteme provea 1 
I)*. The same was found fl 

activity is different, an optimu 

iicides, however, as was sho~ 
used instead (Figs. 2 and 3). I t  is strikir 

mistic action differs from th~ 

fungicides is of a competith 
combination of nabam and cysteii 

periments were carried out with 2,3-bismercaptopropan 
thiol compound was, however, too fungitoxic to obtain an 

: acid, its oxidation product, dithiodiglycoltic acid, has r 
towards TMDI and only slight activity towards naba 
seemed to suggest the importance of reducing compoum 
(o.I %) had only slight activity towards nabam and nor 

.s result might be due to the fact that the reducing capacil 
that  of cysteine or thioglycollic acid, a more plausib 

the assumption that only -SH compounds can inactiva" 
:tivation of the fungicides can be pictured as the formatic 
:h reduced toxicity in the following way: 

:esults were obtained wi th  P. italicum and A. niger figures are on 
ormer species. 

TMDI 
occurrm 

C 
by ex t 
that with 
found with eysteine. 

Th  
nature. 
is given in Fig. 4. Some ex t 
(BAL) as an antagonist. This 
reliable results. 

Contrary to thioglycollic 
antagonistic activity at all 
(Fig. 3). While these results 
as antagonists, ascorbic acid 
towards TMDI. Although this result 
of ascorbic acid is less than 
explanation may be found in 
the fungicides used. This ina~ 
of a stable compound of much 

* Since essentially the same results 
given for exper iments  wi th  the former 
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• Effect of the addition of cysteine on the Fig. 2. Effect ¢ 
ty  of n a b a m  a t  different p H  values• thioglycollic a 
l icum: incubat ion period 4 days. diisotl 

- O - O - O -  n a b a m  P. italicum: in, 
- O - O - O  - n a b a m  + o.o 5 % cysteine 

p H  values below 5.5 could not  be main- - O - O - O - ' i  
a t  n a b a m  concentra t ions  higher t han  2o 

L. At these concentra t ions  complete growth  - X  - X  - X  - "I 
red. 
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Lhioglycollic acid Fig. 4. The competi t ive na tu re  of the an ta  
the  toxicity of nistic effect of cysteine on the toxicity of naba 

~. italicum: incu- P.  italicum: incubat ion period 4 days;  pt-I 2 

doglycollic acid 
ithioglycoUic acid 

i -X 

Fig. 3" Effect of the  addit ion of thio 
and of dithioglycollic acid on 
n a b a m  at  different p H  values. P.  
ba t ion  period 4 days. 

- O - Q - Q -  n a b a m  
- O - O - O - n a b a m  + 0.o 5 % thiogly 
- X - X - X - n a b a m  + o.o5 % dithio~ 
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;ungitoxicity o/the reaction products/rom diisothiocya~ 
support  to this hypothesis the compounds A and t 
sponding diisothiocyanates with thioglycollic acid for 
Lssessed at different pH values. 
?he toxicity of these compounds proved to be indeed 
lngicides from which they are derived. Compound t 
as at a concentration of 200 p.p.m. Compound A 
:ds A. niger while ca. 5 ° p.p.m, of this compound int 

pH values used, ranging from 4.3 to 6.7. 

7he fact that  the in vitro reaction product of TMD 
lycollic acid (compound A) shows a greatly reduced fu 
the observed antagonistic activity of thioglycollic ac 
ical reaction with the fungicide. The rate of this rea~ 
tions appears to be dependent on the pH value of th 
z it becomes likely, moreover, that  this reaction ra 
ical nature of the - S H  compound used. In the sam, 
different toxicity curves are found with the preform~ 
:hioglycollic acid and with the combination of the 

TMDI with the - S H  compoun 
fungitoxicity, suggests strong] 
acid is at tr ibutable to a dire, 

reaction under the experiment 
the medium (see Fig. 2). Fro] 
rate is also dependent on ff 

same way it may be understoc 
)reformed reaction product of TM]: 

lat ter  two compounds wh~ 
nutrient medium. 
of TMDI and thiol compounds meanwhile leads to tt 

:tion of TMDI and other isothiocyanates is due to the 
:ell constituents carrying essential - S H  groups. 
ate nabam a very similar mode of action must be accepte 
; communications the compound is supposed to owe i 
:ransformation in situ into the corresponding diisothi 
ifferent behaviour of cysteine and thioglycollic acid on tt 
md of nabam seems to rule out this assumption (compal 
t must be realized, however, that  with nabam a still mo: 
n is depicted for TMDI, since in the former case a decon 
ede which is pH-dependent  as well. 
bore general discussion on the mode of action of bisdithi 
pounds will be given. 

thiogly 
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simultaneously added to the 

The assumed reactivity 
view that  the antifungal action 
chemical combination with cell 

For the bisdithiocarbamate 
As put  forward in previous 
antifungal activity to its transfon 
cyanate. At first sight the diffe 
antifungal action of TMDI and 
Fig. 2 with Figs. I and 3). I t  
complex situation exists than 
position reaction has to precede 

In  the next section a more 
carbamates and related com 
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3nder phySiologiCal conditions the salts of ethylem 
nposed in several ways. 
~. Free ethylene bisdithiocarbamic acid, always being 
)lutions of its salts owing to hydrolysis, is split as fol 

HS--C- -N-- (CH~)~- -N--C--SH 2 CS~ -~ 
I1 H H It 
s S 

:t has been suggested (PARKER-RHoDES 5) that  the act 
aeral depends on the toxicity of these two decomposi 
,,. From solutions of disodium ethylene bisdithiocarba 
rea is formed: 

s 
H II H 

CH2--N--C--SNa CH2--N ~ 
] 
CH 2 - N -  C - -  SNa CH 2 -  N J  

H rl H 

3. I t  is a well-known fact that  dithiocarbamic acid deft 
e nitrogen atom can be decomposed to isothiocyanat~ 

R - - N - - C - - S H  ~ H~S + R - - N  

---~ I C = S + NarCS a 

S ethylene sodium tri- 
thiourea thiocarbonate 

derivatives bearing free hydroge 
anates:  

N--C--S(-) -~-+ SH(-) + 1R--N = C= S 

)amate ion 

lrs very easily in the presence of the ions of heavy metal  
letal sulphides are formed and the equilibrium is forced I 

:ion products mentioned under I and 2 are of low antifung 
dkylene diisothiocyanates show exceptional high activit 

that  of the alkylene bisdithiocarbamates themselves. Th 
on that  the lat ter  two groups of compounds possess simik 
he assumption that  the antifungal activity of the bisdithi 
msformation into the corresponding diisothiocyanates 1, *. 

3. 

at the 

H [I 
S 

or 

R - - N - - C - -  
H aJ 

s 
a dithio- 
carbamate 

This decomposition occurs 
since in this case insoluble metal  
the right. 

Whereas the decomposition 
activity it was found that  alk' 
which considerably surpasses 
combined with the observation 
antifungal spectra led us to the assm 
carbamates  is due to their transfc 
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7¢hen repeating these experiments  the same compound 
for its s t ructure  could be given (to be published). 

LUDWIG AND THORN found for e thylenethiuram moi 
t y  and thus made the suggestion tha t  the formati  
in the ac t iv i ty  of disodium ethylene bisdithiocarbam 
this compound  in fact  had been isolated from sol~ 
hiocarbamate  whereas the active isothiocyanates  pos 
:he following considerations in our opinion, howeve 
ncies into line. Chemically the formation of ethylem 
n is coupled with the loss of one S a tom from the me 
• . SH ion or of H,S.  
in accordance with the decomposit ion mechanism met  
try decomposit ion product  can be expected from nab~ 

['he formation of e thylenethiuram monosulphide Iron 

mechanism ment ioned under  3, the followi~ 
from nabam by  the loss of one S atorr 

f rom this decomposit ion produ~ 

s 
H II 

CHL--N--C ~ 
. . . .  I S 

C H ~ - - N - - C /  
n I! 

S 

enethiuram monosulphide is formed from nabam as t t  
ircumstances, viz .  : 

)y loss of HiS  of H S -  of a reactive isothiocyanate  group ; 
sence in one molecule of an isothiocyanate and a dithb 
tvourable spatial  position. 
um will exist between the seven-membered ring s t ructu  

In 

primar 

The 
can very  easily be unders tood:  

CH~--N -- C = S 
i hydrolysis + 

CHL__N__C__SN a " ~ - - -  
H li 

s 

Thus, ult imately,  ethyle 
logical consequence of two eircumst 

a. the initial formation b 
b. the simultaneous presence 

carbamic acid residue in a favourab  
In  solution an equilibrium 

and the open form: 
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unication LUDWIG AND THORN s re~ 
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lot been demonstrated under the experimental co~ 
Ltes more stable decomposition or reaction products ,  
thylenethiuram monosulphide were isolated. 
From the similar antifungal spectra of bisdithiocarba 
!tom their corresponding behaviour towards the pre 
aedium it must be concluded that  these groups of c 
in the same way. Table I, containing some test resl 
that  ethylenethiuram monosulphide fits entirely in 

:he corresponding ethylene diisothiocyanate. 

F U N G I T O X I C I T Y  O F  N A B A M  A N D  R E L A T E D  C O M P O U N D S  I N  

I N C U B A T I O N  P E R I O D  2 D A Y S  

Compound 

E t h y l e n e t h i u r a m  m o n o s u l p h i d e  

Vloreover, the action of ethylenethiuram monosulph 
ddition of thiol compounds in the same way as was 

Minimum concentration in p.p.m, causing 
complete growth inhibition 

Botrytis Penicillium AspergiUus Rki*opus 
allii italicum niger nigricans 

1 o  

"l o 

0. 5 0. 5 t 5 

9hide could be antagonized t 
demonstrated for nabam ar 

rongly to a common biochemical mode of action for tt 
a the present results it follows that  the isothiocyanate grou 
y with compounds containing reactive - S H  groups wit 
ive reaction products. The same reactivity towards essenti 
ing cell would offer the most logical explanation for tt 
f the compounds mentioned in Table I. 
chemical reactivity of isothiocyauate groups it is not ea, 
by isolation, for the formation of isothiocyanates fro 

~olation of ethylenethiuram monosulphide from naba 
~r, an indirect argument in favour of this view. 
ly such bisdithiocarbamates or derivatives therefrom a 
t bear in their molecular structure the potential possibilil 
nto isothiocyanates. Thus the most reasonable conclusic 

N a b a m  
E t h y l e n e  d i i s o t h i o c y a n a t e  

Moreover 
the addition 
TMDI. 

All these facts point stron 
compounds in question. From 
is able to combine chemicall, 
the formation of stable, inactive reac 
- S H  groups within the livin 
observed antifungal action of 

With a view to the high 
to give direct evidence, e.g. 
bisdithiocarbamates. The isolation 
solutions constitutes, however, 

As a mat te r  of fact onl, 
highly active fungicides that  
for an easy transformation inh 
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Ltifungal action of the latter compounds is due to their co~ 
ag essent ia l -SH groups. 
n a final section the mode of antifungal action of the bisdit 
s is discussed more generally. 

~'action du t4tram6thyl~ne-diisothiocyanate (TMDI) et de 
n (nabam) sur la germination des spores de Penicil l ium it~ 
lent contrecarr4e par les substances sulfhydriques: l'acide th 
ration est suppos4e 6tre caus4e par une r6action chimique e 
drique. L'observation que les produits pr4form4s de la r6ac 
'ide thioglycolique ne sont presque pas toxiques constitue 1 
te hypoth~se. 
~a r4activit6 des substances sulfhydriques vis-A-vis du TMDI 
ide de ces substances serait caus4e par leur combinaison 
xt des groupes sulfhydriques essentiels. 
)ans une section finale le mode d'action fongicide des bisdithi 
is amplement discut4. 

)ie hemmende Wirkung yon Tetramethylen-diisothiocyana 
[en-bisdithiocarbamat ("Nabam") auf die Keimung der Spo~ 
7,illus niger wird yon den Thiolverbindungen Thioglykols~.ure 
iusst. Es ist anzunehmen, dass dieser Antagonismus auf ein 
cid und -SH Verbindung beruht. Die Umsetzungsprodukt, 
liocyanat, dem das "Nabam" zugrunde liegt, mit Thioglycol~ 
amkeit; dies ist in ?3bereinstimmung mit der obengenannten 

bisdithiocarbamates et substances alliO 

yanat  (TMDI) und yon Dinatriun 
~oren yon Penicil l ium italicum un 

und Cystein krAftig antagonistisc 
einer chemischen Reaktion zwische 
Lkte von TMDI und yon ~_thylel 

,cols~ure zeigen nur eine sehr gerin[ 
Annahme. 

fAhigkeit yon Thiolverbindungen mit TMDI und "Nabam" macl 
itoxische Wirkung dieser Stoffe auf der Inaktivierung yon unen 
~elle beruht. 
~ilung wird der \Virkungsmechanismus der Bisdithiocarbamate u~ 
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SUMMARY 
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