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Among the suggested means of utilization.of radioactive wastes from
atomic energy plants is the synthesis of new compounds which cannot be made
efficiently by ordinary chemical methods. An example of such a synthesls is
the radiolytic preparation of heptadecene-8 described by Burton and'Breger,l
In the course of some investigations on the radiation chemistry of the sym-
metrical dichloroethylenes, the cis and trans forms of 1,2-dichloroethylene
oxlde have been produced. These compounds have not been previously reported,
and in view of the current interest in radiation utilizatlon, we are present-'
ing prelimlnary data on the radiolytic synthesis and physical properties of
these compounds,

The cis and trans forms of 1,2~dichloroethylene were irradiated in
glass cells2 in vacuo with 40-Mev helium ions,impingent on the. liquid. Aftér
irradiation, the low-boiling and gaseous products were separated by vacuum
techniques, 3 The residual high-boiling products plus the bulk of the 1,2~
dichloroethylene were stored in glass-stoppered bottled in the presence of
air after prelimingry analysis for hithBoiling products, In samples that
had stood several months, two peaks were found in GLP chromatograms (nonyl
phthalate column) that were not present in samples chromatogrammed immediately
after irradiaﬁion, These peaks were concentrated in thevpot liquid by distil-
lation through a small Vigreaux column and were further concehtrated and puri-
fied by running repeated GLP-chromatograms.of the pot liquid, collecting the
respective peaks each time, By this means samples of 1 gm and 0,2 gm of the
two respective peak materials were isolated in relatively pure form, These
were further purified by use of a Silicone oil (¢.E. 96-40) column with col-

lection of the réspective camponents, These are referred to as dichloroethylene
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oxide I and dichloroethylene oxide II according to their respective GLP chrometo-

- graphic emerggnce times,

The rglative yields of oxide I to oxide II from trans 1,2~dichloroethylene
wag about 4,6 : 1, The ratio from irradiated cis 1,2-dichloroethylene was smaller
but has not\been well determined becguse of the muoh lower yield from this isoxf;er°

The compounds isolated have bez=n characterized és the cis and tfans iso-
mers of 1,2=ddichloroethylene oxide by mas55$pectrometer spectral patterﬁs and by
comparison of the infrared spectra wita tho spectra of the cis and trans forms
of 2,3-epoxybutane, All the compoﬁnds have the CH band in the region 2950 to
3050 wave numbers which Henbest, Meskins, Nicholls; and Taylor have suggested
as being characteristic of the substituted oxirane ring,h and all exhibit bands

in the three regions where Pattersons "o\‘C

and others have assigned the C
skelatal motions,5 The mass spectra, with parent masses at 112 to 117 mass units,
give the empirical formula CZHZClZO from isotope ratio arguments, Chemical |
analysis for C, H, and Cl yielded 21,2%, 1.97%, and 63.5% for oxide I; and 21.2%,
1.92%, and 63.6% for oxide II, The calculated values for C,H,C1,0 are 21.27%,
1.78%, and 62,78%. -

Known compounds of this compogition, dichloroacetaldehyde and chloro-
acetylchloride, were shown ‘to differ from oxide I and oxide IT in bothvméés
spectromefer ionization patterns and GLP chromatographic retention times,

Some phxsical propertiés of these two compounds areilisted,in Table I,

It has not'been'poésible to decide unequivocally which compound io the ecis form
and which is the trans form, An argument can be made from the comparison of thé
infrared spectra of oxides I and IT with -the spectra of the 2 3-epoxybutanes that
oxide I is the’ cis form and oxide II the trans form

" Table I

Phygical properties of 1,2-dichlorcethylene oxides

Compound. I Compound IT
boiling point 80-81° 111-112°
melting point -43° -63°
p /4 L5 1470
n % - | 1,438 1.452
M.W. (eryoscopic) . ; _‘ : 11 ;6 B

M.W. (M.S. inlet pressure) 113.2 115,2
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At present one can only speculéte as to the origin of these compounds,
Yields of oxide I as high.as G = 9 were found in old samples of irradiated
trans 1,2-dichloroethylene. As this is as large as the total yleld of "polymer"
determined immediately after irradiation, a chain reaction for the formation of
the oxides is indicated, An attractive possibility is an auto-oxidation re-.
ac’cion6 using a long-lived free radical present in very low concentration as

the intermediate.

R+ 0, —>R00 + (1)
ROO « + C,H,Cl, ——> ROOC,H CL2 (2)
; P NG
ROOC,H,Cl, * —> RO * + HClC—CH_Cl (3)
RO ° + C,H,Cl, —> ROCZHZClZ . (L)
N .
ROC,H,Cl, + —> R - + HC1C—=CHC1 (5)

Preliminary tests with other sources of-radicals'(benzoyl peroxide) in
the presence of oxygen showed that small ylelds of both the dlchloroethylene
oxides are formed from both cis- and trans-1,2-dichloroethylenes.
| The - authors wish to express their gratitude to Professor G. C. Pimentel
for his assistance in obtaining and interpreting the infrared spectra, to
Professors F. R, Jensen and W, H. Urry for helpful discussions of the problem,
to Dr, Charles Koch for micrbanalytical data, and Mr. A, F, Sciamanna and
Mrs, Sylvia Waters for assistance with the mass spectra, One of us (JHF) was
supported in part by a National Science Foundation Fellowship (1955-56) and by
an Allied Chemical end Dye Corporation fellowship (1957-58). This work was
performed under the auspices of the United States Atomic Energy Commission,

REFERENCES

1, V. L, Burton and T. A. Breger, Science, 116, 477 (1952),

2, W. M, Garrison, H, R. Haymond, and B. M. Weeks, Radiation Research, 1,
97 (1954). ‘

3. A. S. Newton, Anal, Chem., 28, 1214 (1956),

k. H. B, Henbest, G. D. Meakins, Bé Nicholls, and K., J, Taylor, J, Chem. Soc.,
1459 (1957).

5. W. A, Patterson, Anal, Chem., 26, 828 (195k), ,

6. Cheves Walling, "Free Radicals in Solution," John Wiley and Soms, Inc,,
New York, 1957, p. 436.





