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In our studies on the chemistry and environmenta! behaviour of industrial products similar
to compounds which have caused environmental problems, such as PCBs (polychiorinated biphenyls)
and PBBs (polybrominated biphenyls), we have surveyed the {literature on polychlorinated diphe-
nyl ethers (PDEs). PDEs have been the subject of a large number of patents and have been sug-
gested for uses similar to those of PCBs and PBBs. This includes use as flame retardants, elec-
tric insulators, plasticlisers, lubricants and as hydraulic fluids - although we do not know to
what extent chlorinated diphenyl ethers are used or manufactured at present.

The structural similarity between PDEs and PCBs or PBBs indicates that any leakage of such
compounds into the blosphere may cause similar problems as with the latter products regarding
bioaccumulation etc. It has recently been shown that PDEs are present as impurities in fungi-
cidal and herbicidal chiorophenol preparations which may therefore be a source of contamination
with PoES'™3,

A certain toxicity potential of PDEs to organisms is Indicated by the suggestions to use
low=chlorinated diphenyl ethers as acarlcldesA, miﬂcldes5 and against Ilce6. PDEs may alsc be
used as synergists together with pyrefhrlns7 or pesticides of both phosphate and chlorinated
hydrocarbon fypee. The bioconcentration potential of diphenyl ether and 2,2',4,4'-tetrachloro-
diphenyl ether were investigated by Neely et al. by calculation of partition coefficients be-
tween n-octanol and water and by measuring uptake and clearance rates in froufg. The tetrachio-
ro compound showed a bloconcentration factor of a value similar to the very persistent compound
hexachlorobenzene. Furthermore, it was recently shown that highly toxic chlorinated dibenzo-
furans are formed upon photolysis of PDEs and may be 2 reaction of environmental signifi-
cance’o"].

As is evident from above there is very |imited data on both bloiogical, ftoxicological and
chemical properties on PDEs. To faclliitate studies on the environmental behaviour of PDEs we
have synthesised a number of pure PDEs and collected data on synthetic routes usefu! for the

preparation of chlorinated dipheny! ethers of known structure. This work is summarised below.
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SYNTHESIS OF CHLORINATED DIPHENYL ETHERS.

A. Direct chlorination of dipheny! ether.

The direct chlorination of diphenyl ether have been investigated by Weingarten and
Schisla using tetrachloromethane as solvent with SnCI4, FeCI3 or MBr3 as catalysts or acetic
acid without cafalysfs'z. Substitution initlally occurr in the 2= and 4-positions and unsub-
stituted diphenyl ether, 2-chloro- and 4-chlorodiphenyl ether give the 2,2'-, 2,4'- and 4,4'-
-dichloro compounds as major products. 2-Chloro- and 4-chlorodipheny! ether alsc give traces
of the 2,4-dichioro Isomer and from the 2-chloro compound also traces of 2,6-dichlorodipheny!
ether was detected. No traces of a 3,4-dichlorosubstituted ether was found as claimed by
Brewster and Sfevenson‘s.

Further chlorination of diphenyl ether give good yields of 2,2',4,4'-tetrachiorodiphenyl
ether, unambliguously structurally determined by Norstrim et al.'o although originally being.

claimed to be the 2,2',6,6'-tetrachloro lsomer]4.

The chiorination reactions are usually performed in the presence of a solvent (CCI410’14’15
or HOAc‘s) and often without catalysts when low-chlorinated diphenyl ethers are to be synthe-
sised. However, even in the preparation of octa-, and decachlorodiphenyl ethers solvents may be
used, bolling 'l’a'rt'«!schlortuns‘l'l'ume'6 and boilling fefrachloroefhylene‘7. Decachlorodipheny! ether
can also be obtained by treatment of diphenyl ether with the BMC reagent (SOZCIZ-AICls-SZCI2)18.
Industrial chlorination processes are mostly performed without solvent and except for

chlorine only sulfuryi chioride seem to have used as chlorinating agenf‘g'zo. It has been ciai-
med that the usual ratio of para to ortho substitution of 4:1 obtained upon monochlorination

of diphenyl ether can be increased to 9:1 by not using solvent or cafalysfz‘. Increased amounts
of meta isomers (64-80%) can be obtained by heating the chlorination mixture with alumium chlo-

rldeii or by chiorination in the gas phasez3

. The rate of chlorination of dipheny!l ether In
chlorobenzene solution has been examined but no products were ldenflfledza.
A number of highly chiorinated ethers have been synthesised by direct chlorination but

since no structures were assigned these compounds have not been included In Table ! below'6'25.

B. The Ulimann ether synthesls and modifications.

The classical Ulimann ether synthesis -coupling of phenci salts with halogenated benzenes

in the presence of copper cafalys‘r26

- have been used for the preparation of a number of chloro
substituted diphenyl ethers (cf. Table 1). Originally the reaction was performed without soi~
vent but recent modifications successfully employ the use of high-boiling solvents such as di-

and dimethyl sulfoxldezg'3°

. In the former solvent CUZCI2 and Kl were used as
catalysts while no catalysts were used when the reaction was performed in dimethyl sulfoxide
solution. Copper and mercury have been used as catalysts In the synthesis of 4-chiorodiphenyl
ether from 4-chlorobromobenzene and phenol in the absence of base3‘.

In the synthesis of two henfachlorodlphenyl ethers we used the modIfication of the Ulimann
ether synthesis using diglyme as solvent to obtain 2,4-dinitro-2',4',5'-trichloro- and 3,4-

-dinitro-2',4',5'-trichlorodipheny! ether whereafter the nitro groups were substituted for
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Table 1. continued.

synthetic mp.
Compound method b.p.{mm) Ref.

23b.45- ij/o B+f ail
Y \Qﬁ

22106 é;oﬁt B 36 (39)
a 1 l

Zﬁhﬁdéc&égq:é 147-8 29
7% 7
5 B

Q solidifies around room temperature.

3

chiorine by the Ponomarenko reaction (see below) 2. Two japanese groups synthesised diphenyl

ethers with nitro and chloro substituents by coupling of chloropheno! salts with 2,5-dichloro-

nitrobenzene whereby sébstitution occurrs in the 2-poslﬂon33'34

C. The Sandmeyer reaction.

A number of mainly low-chlorinated diphenyl ethers have been synthesised by exchange
of amino groups for chlorine via the Sandmeyer reaction (cf. Tabie 1). I+ may be pointed out
that attempts in this laboratory to exchange amino groups In the position ortho to the ether
linkage for chlorine have been unsuccessful although the corresponding deamination reaction
via diazotation have given good ylelds of products (see below).

D. Deamination reactions.

We have synthesised a number of chlorinated dipheny| ethers from commercially available
amino-chlorosubstituted diphenyl ethers (Aidrich Chem. Co.) by deamination via treatment with

amyl nitrite in bolling tetrahydrofuran--.

E. Miscel laneous substitution reactlons.

Chlorine have been introduced into the diphenyl ether system by direct substitution of
nitro or sulfonyl groups. The 2-chloro-, 4-chloro-, 2,2',4,4',5-tetrachloro- and 2,3'4,4'5-
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-tetrachlorodiphenyl ethers were synthesised by the Ponomarenko reaction which involves
treatment of nitro compounds with tetrachloromethane at elevated temperatures. Deactivated
aromatic compounds usually give high ylelds of products and the reaction may be used for the
synthesis of a number of specifically chlorinated aromatic sysfemssz.

Matsul et al. substituted nitro and sulfuryl groups for chlorine treatment with thionyl
chloride at high femperafuresss. Finally, exchange of nitro groups for chiorine by the use of
chlorine gas at high temperatures have been described in a pafen*sé.

Refs. 37-39 contain data on a number of nitro-chloro substituted diphenyl ethers which may

be used In any of the above reactions for the synthesis of PDEs of known structure.

F. Miscellaneous coupling reactions.

The aryi ether synthesis described by Crowder et al.ao have been used for the synthesis
of 2,4,4'-trichlorodipheny) ether by couplling of sodium 2,4-dichlorophenciate with 4,4'-di-
chlorobiaryl iodonium chloridelo. Finally, an octachlorodipheny! ether of unknown structure
were obtained when diphenyl sulphate was chiorinated in the presence of iron in an attempts

to synthesise 4,4'~dichlorodiphenyl sulphafe41.

in Table ! Is summarised data on chliorinated diphenyl ethers of known structure. Refer-
ences that give limited information on synthetic procedures are given in parentheses. |f two
synthetic methods have been used in a sequence this Is indicated with an arrow (A+B) while
two Independent routes are separated by a comma (A,B).
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