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Eine ursächliche Beziehung im Sinne: RNA-Aus-
tritt bewirkt Antigenitätsumwandlung liegt nicht vor. 

Die kinetischen Befunde stützen vielmehr eine 
Vorstellung, nach der eine Umwandlung von N- in 
H-reaktive Partikel unter den beschriebenen Bedin-
gungen der Freisetzung der RNA bzw. der Angreif-
barkeit durch RNase vorausgeht. Das Fehlen von 
natürlich vorkommenden leeren Procapsiden mit 
N-Antigenität ist sehr wahrscheinlich durch die be-
reits erwähnte (s. o.) unterschiedliche Proteinzusam-
mensetzung im Vergleich zu den fertigen Virionen 
bedingt und nicht primär eine Frage der fehlenden 
RNA. 

Anm. bei der Korrektur: Inzwischen erschien eine 
Arbeit von M. BREINDL, J. gen. Virol. 11, 147 [1971], 
der auf Grund anderer Versuche ebenfalls zu dem 
Schluß gelangt, daß die Änderung der physikalischen 
und biologischen Eigenschaften des Polioviruspartikels 
bei Hitzeinaktivierung eher durch den Verlust von 
Virusproteinkomponenten als durch die Freisetzung 
von RNA bedingt ist. 

Wir danken der Deutschen Forschungsgemeinschaft 
und der Stiftung Volkswagenwerk für die Unter-
stützung unserer Arbeiten. Herrn Prof. E. WECKER 
danken wir für eine Reihe von Diskussionen und Frau 
M. KUHLMANN für ihre ausgezeichnete technische 
Assistenz. 
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The stability of fourteen carcinogenic l-aryl-3,3-dimethyltriazenes to hydrolysis in 0.15 M phos-
phate buffer, pH 7.0, at 37° was determined spectroscopically. The data gave an unexpectedly wide 
span of half-lives resulting in a linear H a m m e t t plot with a reaction constant, {>=— 4.7. These 
results are in complete agreement with the currently accepted mechanisms of carcinogenic activity 
associated with this class of compounds. The rapid liberation of a diazonium cation from the 
labile triazenes (fr/i less than 2 x l 0 2 m i n ) seems to be responsible for the induction of local 
tumours; however, an enzymic activation is necessary for the systemic carcinogenic activity of the 
compounds stable to hydrolysis (fi/i more than 2 x 102 min). Convincing experimental evidence is 
thus provided for two different mechanisms of activity which are operative within a single class of 
chemical carcinogens. 

l-Aryl-3,3-dialkyltriazenes of the general struc-
ture (1) are a class of potent chemical carcinogens 
with a pronounced organotropic activity A series 

JZtfabg, ' 
X Y 

of representative compounds was tested on BD rats 
and the results of this biological screening suggested 
that an overall relationship between the chemical 
structure and the observed carcinogenic activity 
could exist2. It appeared that the triazenes with 
electron withdrawing groups in the aromatic nucleus 
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exhibited predominantly systemic carcinogenic acti-
vity in a variety of distant organs such as the neuro-
genic tissue, the kidney, or the liver. On the other 
hand, the induction of local tumours at the site of 
subcutaneous injection seemed to be characteristic 
of compounds containing electron releasing sub-
stituents in the aryl moiety. Since the triazenes are 
stabilized diazo compounds, it was conceivable that 
the observed biological activity could be associated 
with the susceptibility of the 2 N — 3 N bond of the 
triazene molecule to hydrolytic cleavage and the 
concomitant liberation of the latent aryldiazonium 
cation. 

1 H . D R U C K R E Y , S . I V A N K O V I C , and R . PREUSSMANN , Natur-
wissenschaften 5 4 , 1 7 1 [ 1 9 6 7 ] ; R . PREUSSMANN , H . D R U C K -
REY , S . I V A N K O V I C , a n d A . v . HODENBERG , A n n . N . Y . 
Acad. Sei. 163, 697 [1969]. 

2 Unpublished results. 
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In this paper we wish to report the results of sta-
bility measurements of a series of l-aryl-3,3-di-
methyltriazenes, (1) , R = R' = CH3 , and the in-
fluence of some meta and para substituents on the 
rate of hydrolysis at physiological conditions. 

Experimental 
General 

The triazenes were synthesized by standard methods 3, 
i.e. the aryldiazonium chlorides were coupled with di-
methylamine in the presence of excess base, usually 
sodium carbonate. The products, isolated by filtration 
or solvent extraction, were purified by crystallization 
or distillation under reduced pressure, and their iden-
tities checked by transition points, TLC and UV ab-
sorption. Ethanolic stock solutions of the examined 
triazenes (0.01 mmole/ml) were kept in a cool room 
at all times when not in use. Routine colorimetric 
measurements were carried out with a Beckman DB 
spectrometer. 

Kinetic measurements 
The triazene solution (1.0 ml) in a 100 ml volumetric 

flask was carefully diluted with prewarmed phosphate 
buffer (pH 7.0, 0.15 M, 37°), the flask made up to 
volume and immersed in a water bath maintained at 
37° (±0.1) . Aliquots (5 ml) of the buffered solution, 
withdrawn at regular intervals, were transferred to 
50 ml volumetric flasks and the hydrolysis quenched 
by an immediate addition of excess sodium carbonate 
solution (5 ml, 1 N) , followed by aqueous resorcinol 
(lml, \%), and the mixture was allowed to stand for 
10 minutes. V-Ethyl-l-naphthylamine reagent (1 ml, 
1%, in equal volumes of ethanol and 0.2 N HCl) and 
6 N HCl (2 ml) were added in that order and, after 
thorough mixing, the reaction was allowed to stand for 
1 hour. The flask was made up to volume with ethanol 
and the concentration of the coloured product was de-
termined at its absorption maximum (525 — 582 nm). 
Additional colorimetric measurements were made at 
hourly intervals to ensure complete conversion of the 
unreacted triazene and the maximum development of 
the coloured derivative. 

Evaluation 
An aliquot (5 ml) of the buffered triazene solution, 

withdrawn immediately after dissolution, was treated as 
described, and the maximum absorption obtained from 
this zero time determination was made equal unity. 
The absorption of the coloured product developed from 
all subsequent withdrawals was expressed as the pro-
portion of the zero time value (100%). The half-life 
of each compound was obtained from a logarithmic plot 
of the computed percentages on the ordinate against 
the time of hydrolysis on the abscissa. 

3 C . S. RONDESTVEDT and S. J.DAVIS, J. org. Chemistry 2 2 , 
200 [1957]. 

Results and Discussion 

The stability of fourteen meta and para substi-
tuted l-aryl-3,3-dimethyltriazenes to hydrolysis was 
studied by conversion of the unreacted substrate to 
the corresponding 4-arylazo-l-ethylamino derivative, 
the concentration of which was determined spectro-
scopically. Any diazonium which was liberated 
during the incubation, was removed prior to the 
determination by coupling with resorcinol in an 
alkaline medium to form a product absorbing at a 
lower wave-length (380 — 440 nm) and therefore 
not interfering with the actual determination. The 
acid catalysed fission of the intact triazene substrate 
and the capture of the ensuing aryldiazonium as the 
azo derivative can be rationalized as a process oc-
curring in three consecutive steps: the initial pro-
tonation at 3 N is followed by the cleavage of the 
2 N — 3 N bond of the activated intermediate to 
yield the aryldiazonium cation which ultimately 
couples with the introduced passive component to 
afford the coloured product. The cleavage of the 
positively substituted compounds, 1 — 4, Table 1, 
could be therefore readily effected in 1 hr under the 
acid conditions used (pH 1.2), but the colour deve-
lopment from the negatively substituted compounds, 
particularly from the cyano- and nitrophenyl-
triazenes, 11 —14, was found to be slow and longer 
reaction times (3 hr) were necessary for the maxi-
mum colour development. 

The results of the stability measurements are sum-
marized and presented graphically below. 

The data yielded a linear H a m m e 11 plot, 
shown in Fig. 1, with a negative slope and the reac-
tion constant, Q= —4.7, which was calculated by 
the method of least squares from the determined 
half-lives of compounds 1 —11. In Table 1 the 
values of log k/k^, derived from the experimentally 
determined half-lives, are compared with the values 
of log k'which are based on the slope of the 
H a m m e t t line obtained. It can be seen that a 
very close agreement between the two sets of data 
exists with triazenes of the middle range half-lives, 
compounds 3 — 7. 

In accordance with the general precept, the ef-
fect of the meta or para substituent X in the aro-

4 H . H . JAFFE, C h e m . Reviews 5 3 , 1 9 1 [ 1 9 5 3 ] . 
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Determined Calculated Difference 
Substituent 

X 

Substituent 
constant4 

a 

half-life 
<1/2 (min) 

rate constanta 

In 2 logifc/fcH* 
h/2 

half-life 
h/2 (min) log k'/kji 

(log k/kn) 
— (log k'/kn) 

1 p CH3O — - 0.268 1.000 
1.100 
1.200 

101 
101 
101 

0.693 
0.630 
0.578 

10-1 
10-1 
10-1 

1.3222 
1.2808 
1.2430 

1.16 101 1.2596 + 0.063 
+ 0.021 
- 0.017 

2 pCH3— - 0.170 3.200 
3.700 
3.800 
4.000 

101 
101 
101 
101 

0.217 
0.187 
0.182 
0.173 

10-1 
10-1 
10-1 
10-1 

0.8170 
0.7539 
0.7424 
0.7202 

3.34 101 0.7990 + 0.018 
- 0 . 0 4 5 
- 0.057 
- 0.079 

3 m C H 3 - - 0.069 1.060 
1.070 

102 

102 
0.654 
0.648 

10-2 
10-2 

0.2969 
0.2929 

0.99 102 0.3243 - 0.027 
- 0.031 

4 p CH3CONH — - 0.015 1.630 102 0.425 10-2 0.1100 1.79 102 0.0705 + 0.040 

0 H - 0 2.100 102 0.330 10-2 0 2.10 102 0 0 

6 p F - 0.062 4.000 
4.100 

102 

102 
0.173 
0.169 

10-2 
10-2 

- 0.2798 
- 0.2905 

4.11 102 - 0.2914 + 0.012 
+ 0.001 

7 p C l - 0.226 2.400 
2.700 

103 

103 
0.289 
0.257 

10-3 

10-3 
- 1.0580 
- 1.1092 

2.42 103 - 1.0622 + 0.004 
- 0.047 

8 m Cl— 0.373 1.440 104 0.481 10-4 - 1.8362 1.19 104 - 1.7531 - 0.083 

9 p S 0 3 - 0.381 1.944 
2.016 

104 

104 
0.357 
0.344 

10-4 

10-4 
- 1.9666 
- 1.9821 

1.30 104 - 1.7907 - 0.176 
- 0.191 

10 p C2H5OOC— 0.522 4.464 
5.040 
5.760 

104 

104 

104 

0.155 
0.138 
0.120 

10-4 

10-4 

10-4 

- 2.3274 
- 2.3803 
- 2.4383 

5.96 104 - 2.4534 + 0.126 
+ 0.073 
+ 0.015 

11 p CN— 0.628 1.840 105 0.377 10-5 - 2.9435 1.87 105 - 2.9516 + 0.008 

12 m CN — 0 0.678 1.814 105 0.382 10-5 - 2.9367 3.23 105 - 3.1866 + 0.250 

13 m NO2— c 0.710 3.588 105 0.193 10-5 - 3.2331 4.56 105 - 3.3370 + 0.104 

14 p NO2— c 0.778 2.318 105 0.299 IQ"5 - 3.0429 9.52 105 - 3.6566 + 0.614 

Table 1. Stability of substituted l-aryl-3,3-dimethyltriazenes in 0.15 M phosphate buffer, pH 7.0 at 37°. Glossary: a Formula 
for the rate constant k of pseudo-first order kinetics, b /CH = rate constant of the unsubstituted compound (X = H). c The 

determined values were omitted from the calculation of the reaction constant g. 

matic portion of the molecule is expected to bear 
directly on the reactivity of the triazene side-chain Y. 
Because the validity of the H a m m e t t equation 
depends on the fact that o is an index of the in-
fluence of the substituent X, Q is the measure of the 
capability with which the substituent can transmit 
its electrical effect to the reaction site. A negative 
sign of the reaction constant was expected because 
substitution of the aromatic ring with electron with-
drawing groups lowers the basicity of the triazene 
side-chain, and hence the rate of protonation at 3 N 
which is most probably the first step in the hydro-
lytic fission of the molecule. However, the data gave 
an unexpectedly wide span of half-lives, ranging 
from 1.100 x 101 min for compound 1 to 3.588 X 
105, established for compound 13, which is reflected 
by the large value of the reaction constant Q. The 
plot yielded a good fit for compounds 1 to 11 but 

the observed discrepancies in compounds 12 and 14 
were probably due to very long incubation times 
necessary for the half-life determinations. 

The results suggest that two different mechanisms 
are responsible for the carcinogenic activity of 
l-aryl-3,3-dialkyltriazenes: the triazenes stable in 
aqueous solution (half-life longer than 2 x 102min) 
exhibit predominantly systemic effects, and thus 
induce tumours in a variety of organs distant from 
the site of application. The observed biological acti-
vity is therefore in agreement with the current view 
of enzymic activation 5. A plausible mechanism in-
volving a hydroxylation, followed by a subsequent 
breakdown of the molecule which results in the 
generation of a potential carbonium ion, has been 
proposed to account for this biological effect. Alky-

5 R . P R E U S S M A N N , A . v . H O D E N B E R G , a n d H . H E N G Y , B i o -
chem. Pharmacol. 18, 1 [1968]. 
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Fig. 1 H a m m e t t plot for the stability of l-aryl-3,3-di-
methyltriazenes in 0.15 M phosphate buffer, pH 7.0, at 37° ; 

£ = - 4 . 7 . 

lations of nucleic acids in vitro 6 and in vivo 7 have 
already been demonstrated. 

On the other hand, triazenes with a short half-
life in an aqueous system (half-life less than 2 x 102 

min) produce primarily local tumours at the site of 
injection. Therefore, it seems a logical consequence 
that this effect is directly connected with the rapid 
liberation of the aryldiazonium cation from the 
labile triazene. The ultimate carcinogenic effect may 
be due either to diazo coupling or to arylation (cf. 
I . e . 8 ) . 

The relationship between chemical structure and 
biological activity presents an intriguing task to 
modern biochemistry. Although general conclusions 
about these phenomena must be drawn with utmost 
caution, this work provides convincing experimental 
evidence that two different mechanisms of activity 
seem to be operative within a single class of chemi-
cal carcinogens. 

We wish to thank Mrs. M. HALLER for her com-
petent help with the compilation and evaluation of the 
experimental results. 

6 R . PREUSSMANN and A . v . HODENBERG , B i o c h e m . P h a r m a -
col. 19,1505 [1970]. 

7 H . W . K R Ü G E R , R . NIEPELT , and R . PREUSSMANN , B i o c h e m . 
Pharmacol., in press. 

8 R . PREUSSMANN , H . DR U C K R E Y , and J. BÜCHELER , Z . K r e b s -
forsch. 71 ,63 [1968]. 
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Eiablage, Cyclops 

Cyclops vicinus shows a double-peaked rhythm of egg-laying under long-day-conditions with peaks 
in a distance of 12 hours. The rhythm of egg-laying is preserved after extirpation of the eyes and 
also after the passage of long-day-conditions to continuous illumination. The light-dark-cycle acts 
as a Zeitgeber, copulation is without effect on the rhythm. 

HARDING et al. fanden bei Calanus vorzugsweise 
Eiablagen während der Nacht1. Orientierende Ver-
suche unter kontrollierten Bedingungen zeigten, daß 
der Süßwassercopepode Cyclops vicinus unter Lang-

tagbedingungen ebenfalls bevorzugt Eier in der 
Dunkelphase ablegt; bei Kurztagbedingungen war 

Sonderdruckanforderungen an K.D. SPINDLER, Zoologisches 
Institut, D-3300 Braunschweig, Pockelstr. 10a. 


