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Structure-genotoxicity relationship for aliphatic epoxides 

(Received 4 October 1982; accepted 10 March 1983) 

In a recent commentary on the role of reactive metabolites 
in the carcinogenicity of halogenated ethylenes Bolt et al. 
[l] have discussed the relationship between the stability of 
the corresponding epoxides and activity (both carcinogenic 
and mutagenic) in the light of Henschler’s structural theory 
[2]. They have also presented data for the oncogenic effects 
of halogenated ethylenes in comparison with covalent 
macromolecular binding, mutagenicity in bacterial tests 

and carcinogenicity in animal bioassays. The interpretation 
of this data and of genotoxic response more generally 
outlined by these authors, particularly with regard to the 
optimum (as opposed to minimum) stability of the epoxide 
ring for genotoxic response, parallels closely that put for- 
ward independently by the present authors shortly after- 
wards [3]. Here, we wish to develop this theme still further. 

The essential feature of our approach to the mutagenicity 

Table 1. Structure-activity relationships for haloethylenes 

Compound 

Two-centre energy 
of the corresponding 

epoxide 
(eV) Mutagenicity* Oncogenicityi 

CCI,-cc12 -14.89 100 0 
CQ==CHCI -14.1 232 0 
CC&CH* -13.16 229 0.15 
CHCI=CHCI -14.38 100 ND 
CHCI=CH2 -13.4 663 18.2 
CHFCHF -13.24 ND 14.3 
CHFCF, - 12.89 ND 1.81 

* Per cent spontaneous mutation rate for the arginine operon of E. coli Kt2 [2]. 
t Per cent foci theoretically produced by 1 mole metabolites per kg body wt [l]. 
ND = no experimental data available. 
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Table 2. Structure-activity relationships for untested 
compounds 

Compound 
Two-centre energy 

(cV) Oncogenicity* 

0 

H 

Jc 

H -14.38 

Cl Cl 

0 

0 

F 

Jc 

F 

F F 

-16.44 0 

E,_, lev) 

Fig. 1. Per cent spontaneous mutation rate for the arginine 
operon of E. co/i Klr (0) and per cent foci theoretically 
produced by 1 mole metabolites per kg body wt (0) for 
fluoro- and chloro-ethylenes as a function of the calculated 

two-centre energy of the corresponding epoxides. 

0 

F 

J 

F 

F Cl 

-15.47 0 

0 

F 

\i 

H 

F F 

-14.83 
of the chlorinated ethylenes reported by Greim et al. [2] 
is that there is a quaniifatiue relationship between the 
experimental mutation rate and the calculated stability of 
the epoxide ring, and that the form of this relationship can 
be understood in terms of a balance between DNA binding 
and enzymic detoxification. At the time of our previous 
communication there was no consistent in uiuo data com- 
parable to that of Greim et al. [2] which could be examined 
in the same way. The recent results by Bolt et al. [I], 
however, rectify this situation. They compare the oncogenic 
effects, defined therein as the percentage pre-neoplastic 
foci observed in new-born Wistar rats, for a similar series 
of haloethyienes. The purpose of the present communi- 
cation, then, is to present a st~cture-activity relationship 
of the type previously given [3], to show that this relation- 
ship fully supports the ring stabiiity arguments proposed 
by Bolt et al. [l] and to indicate the striking similarity 
between the in vitro and in viva activity patterns. In 
addition, we compare the reported mutagenic activity of 
a number of other aliphatic epoxides with that predicted 
by our model and consider the activity of nine other deriva- 
tives for which no data are available. 

In Fig. 1 we have plotted both the mutagenic data of 
Greim et al. [2] and the oncogenic data of Bolt et al. [l] 
against the calculated two-centre bond energies, EC-O, of 
the weaker of the two C-O bonds of the corresponding 
epoxides [3]. The numerical details are collected in Table 
1. The similarity between the two patterns of activity is 
quite striking. Not only do we find vinyl chloride with the 
maximum activity in both cases, but the stability range 
within which active molecules fall is very nearly the same. 
The observed threshold band for oncogenicity ranges from 
-14.1 to -12.9 eV, compared with -14.5 to -12.8 eV for 
mutagenicity, and it is suggested that compounds which fall 
within these limits are potentially hazardous. In view of the 
close similarity between the two activity patterns we suggest 
that the origins for maximum activity previously outlined 
[3] hold in both cases. With regard to the reported onco- 
genie activity the only anomalous point in Fig. 1 is that for 
vinylidene chloride. However, we note that the dose used 
by Bolt et al. El] was 200 times less than the other halo- 
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* Per cent foci theoretically produced by 1 mole metab- 
olites per kg body wt predicted from the continuous line 
in Fig. 1. 

ethylenes in view of its acute toxicity. The correlation 
between activity and stability proposed here suggests that 
the percentage of pre-neoplastic foci at an exposure con- 
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Table 3. A comparison of the predicted mutagenicity of aliphatic epoxides with published Iiterature data 

Mutagenicity Mutagenicity 

Compaund Experiment* Model? Compound Experiment* Model? 

0 
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Table 3 (continued) 

Mutagenicity Mutagenicity* 

Compound Experiment * Model? Compound Experiment* Model+ 

0 

4 
OCOCH, 

0 

4 
CONH, 

0 

/\ 
Cl CH,Cl 

0 

ND + 4 cl 
ND + 

COOH 

ND 

+ ‘CH,OCH, 

+ 1141 
+ 

ND i 

* References are given in brackets. 
t The predictions are based on the structure-activity relationship shown by the continuous line in 

Fig. 1. 
ND = no experimental data available. 

centration of 2000ppm, the dose used for the other five 
compounds, would be nearly 10 (as opposed to 0.15 
reported at 100 ppm) in the absence of toxic effects. Thus 
we conclude that for the chlorinated ethylene epoxides, at 
least, there is a close relationship between in vitro and in 
vivo activity. 

The structure-activity relationship shown by the con- 
tinuous line in Fig. 1 can be used to predict the number 
of foci theoretically produced under identical conditions 
for eight other haloalkenes, including ethylene. The results 
are listed in Table 2. As before [3], we emphasise that 
these relate specifically to the derived epoxides, and that 
the oncogenic activity of the alkenes per se might be quite 
different. 

formed in vivo from alkene precursors. Indeed, there is 
evidence that alkenes themselves are formed as interme- 
diates in the metabolism of a variety of compounds, An 
example of this is urethane, which is thought to give rise 
to a putative epoxide via vinyl carbamate [4]. On the other 
hand, in cases such as the cu-halohydrins, epoxides may be 
formed independently of the alkene [5]. Finally, we believe 
that an approach such as this might be of value in the 
prediction of the genotoxicity of a wider range of 
compounds. 

We have suggested previously that activity patterns of 
the type shown in Fig. 1 strictly speaking apply to a 
restricted series of compounds, in this case the chloro- 
alkenes. However, it might be of interest to compare the 
activities of a wider range of substituted alkenes predicted 
on the basis of these relationships with the reported muta- 
genicity, with specific reference to the corresponding oxi- 
ranes. The results are given in Table 3. For present purposes 
all epoxides that fall within the threshold band (-14.5 to 
-12.8 eV) are taken to be active (+) although it is impor- 
tant to emphasise that this threshold is arbitrary and that 
the (theoretical) activity for some compounds may be 
overestimated. 
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