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In our  s tud ies  on the chemist ry  and envi ronmental  behaviour of  I n d u s t r i a l  products s i m l l a r  

t o  compounds which have caused envi ronmental  problems, such as PCBs ( p o l y c h l o r l n a t e d  b ipheny ls ]  

and PBBs (po lybromlnated b lpheny l s ) ,  we have surveyed the l i t e r a t u r e  on p o l y c h l o r l n a t e d  d iphe-  

nyl e thers  (PDEs). PDEs have been the sub jec t  of  a large number of  pa tents  and have been sug- 

gested fo r  uses s i m i l a r  t o  those o f  PCBs and PBBs. This inc ludes use as f lame r e t a r d a n t s ,  e l ec -  

t r i c  i n s u l a t o r s ,  p l a s t l c l s e r s ,  l ub r i can t s  and as hyd rau l i c  f l u i d s  - a l though we do not  know to  

what e x t e n t  c h l o r i n a t e d  diphenyl  e the rs  ere used o r  manufactured a t  p resent .  

The s t r u c t u r a l  s i m i l a r i t y  between PDEs and PCBs o r  PBBs i nd i ca tes  t h a t  any leakage of  such 

compounds in to  the b iosphere may cause s i m i l a r  problems as w i th  the lat-ker products regard ing 

btoaccumulat ion e tc .  I t  has r e c e n t l y  been shown t h a t  PDEs are present  as i m p u r i t i e s  in f ung i -  

c i da l  and h e r b i c i d a l  ch lorophenol  p repara t ions  which may t h e r e f o r e  be a source o f  contaminat ion 

w i th  PDEs 1-5. 

A c e r t a i n  t o x i c i t y  p o t e n t i a l  o f  PDEs to  organisms is Ind ica ted  by the suggest ions t o  use 

I o , - c h l o r i n a t e d  diphenyl  e thers  as a c a r i c i d e s  4, m i t i c i d e s  5 and aga ins t  l i c e 6 .  PDEs may a lso  be 

used as syne rg l s t s  t oge the r  w i th  p y r e t h r i n s  7 or  p e s t i c i d e s  o f  both phosphate and c h l o r i n a t e d  

hydrocarbon type 8. The b loconcen t ra t i on  p o t e n t i a l  o f  d iphenyl  e the r  and 2 , 2 w , 4 , 4 t - t e t r a c h l o r o  - 

d lphenyl  e the r  were i nves t i ga ted  by Neely e t  e l .  by c a l c u l a t i o n  of  p a r t i t i o n  c o e f f i c i e n t s  be- 

tween nzoctanol  and water  and by measuring uptake and c learance ra tes  in t r o u t 9 .  The t e t r e c h l o -  

ro compound showed a b loconcen t ra t ton  f a c t o r  of  a value s i m i l a r  to  the very p e r s i s t e n t  compound 

hexachlorobenzene. Furthermore,  i t  was r e c e n t l y  shown t h a t  h i gh l y  t o x i c  c h l o r i n a t e d  d lbenzo-  

furans are formed upon p h o t o l y s l s  o f  PDEs and may be a reac t i on  o f  envi ronmental  s i g n i f i -  
cance10, 11 

As is ev.|dent from above the re  is very l i m i t e d  data on both b i o l o g i c a l ,  t o x i c o l o g i c a l  and 

chemical p r o p e r t i e s  on PDEs. To f a c i l i t a t e  s tud ies  on the environmental  beheviour of  PDEs we 

have synthes ised • number o f  pure PDEs and c o l l e c t e d  data on s y n t h e t i c  rou tes  useful  f o r  the  

p repa ra t i on  of  c h l o r i n a t e d  dlphenyl  e thers  of  known s t r u c t u r e .  Th is  work is summarlsed below. 
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SYNTHESIS OF CHLORINATED DIPHENYL ETHERS. 

A. Direct ch lo r ina t ion  of dlphenyi ether. 

The d i rec t  ch lo r lna t lon  of diphenyl ether have been Investigated by Welngarten and 

Schisla using tetrachloron~thane as solvent with SnCl4, FeCI 3 or AIBr5 as cata lysts or acet ic 

acid without c a ~ l y s t s  12. Subst i tut ion i n i t i a l l y  occurr in the 2- and 4-posi t ions and unsub- 

s t i tu ted  dlphenyl ether, 2-chloro- and 4-chlorodiphenyl ether give the 2,2 B-, 2,4 t-  and 4,4 TM 

• d lch loro compounds as major products. 2-Chloro- and 4-chlorodiphenyl ether also give traces 

of the 2,4-d ich loro Isomer and from the 2-chioro ~ o u n d  also traces of 2,6-dichiorodiphenyl 

ether was detected. No traces of a 3p4-dichlorosubst i tuted ether was found as claimed by 

Brewster and Stevenson 13. 

Further ch lo r ina t ion  of diphenyl ether give good y ie lds  of 2,2t,4,4W-tetrachlorodlphenyl 
10 ether, unambiguously s t ruc tu ra l l y  determined by Norstr~n et  a l .  although o r i g i n a l l y  being. 

claimed to be the 2 ,2 t ,6 ,6 t - te t rach lo ro  isomer 14. 

The ch lo r ina t ion  reactions are usual ly performed in the presence of a solvent (CCI410"14'15 

or HOAc 13) and often without cata lysts when low-chlorinated dlphenyl ethers are to be synthe- 

sised. However, even in the preparation of  oct~-,  and decachlorodipbenyl ethers solvents may be 

used, bo i l i ng  tetrachloromethane 16 and bo i l i ng  tet rachloroethylene 17. Decachlorodlphenyl ether 

can also be obtained by treatment of diphenyl ether with the ~ reagent (S02Cl2-AICl3-S2Cl2)18. 

Industr ia l  ch lo r ina t ion  processes are mostly performed without solvent and except for  

ch lor ine only su i fury l  ch lor ide seem to have used as ch lo r ina t ing  agent 19.20. I t  has been c l a i -  

med that  the usual r a t i o  of pa l l  to ortho subst i tu t ion of 4:1 obtained upon monochlorinatlon 

of diphenyl ether can be increased to 9:1 by not using solvent or ca ta lys t  21. Increased amounts 

of  meta ison~rs (64-80~) can be obtained by heating the ch lo r ina t ion  mixture with alumlum chlo- 

rideZZ or by ch lo r ina t ion  in the gas phase 23. The rate of ch lo r ina t ion  of diphenyl ether In 

chiorobenzene solut ion has been examined but no products were iden t l f i ed  24. 

A number of highly chlor inated ethers have been syntheslsed by d i rec t  ch lo r ina t ion  but 

since no structures were assigned these compounds have not been included in Table 1 below 16~25 

B. The Ullmann ether synthesis and modif icat ions.  

The c lassical  UIImann ether synthesis -coupling of phenol sal ts  with halogenated benzenes 

in the presence of copper ca ta lys t  26- have been used for  the preparation of a number of chloro 

subst i tuted diphenyl ethers (cf.  Table 1). O r ig ina l l y  the reaction was performed without sol-  

vent but recent modi f icat ions successful ly employ the use of h lgh-bo i l ing  solvents such as d i -  

glyme 27,28 and dimethyl sulfox.ide 29p30. In the former solvent Cu2CI 2 and KI were used as 

catalysts while no cata lysts  were used when the reaction was performed in dimethyl sul foxide 

solut ion.  Copper and mercury have been used as catalysts in the synthesis of 4-chiorodlphenyl 

ether from 4-chlorobromobenzene and phenol in the absence of base 31 • 

In the synthesis of two pentachlorodJphenyi ethers we used the modi f icat ion of the Ulimann 

ether synthesis using diglyme as solvent to obtain 2 ,4 -d i n i t r o -2V ,4 t ,S t - t r i ch l o ro -  and 3,4- 

-dini tro-2W,4t,5~-tr ichlolnodlphenyl ether whereafter the n i t ro  groups were substi tuted for 
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Table 1. continued 
synthetic m.p 

Compound method b. F (mm) Ref 

2,31k~5- 0 B-"E oil a 32 

E [ - " ~  v i i  
C[ 

2,Zt+,4:,6- B 36 139) 

Q"+'~'f'Ct v EL 

II ; I  II :1 
1 3 ~  (]."'~" 

deca- C I ~ O  ~. ,_.0 A 216 17 
II . ' I I I  22t,.-5 18 

n solidifies around room temperature. 

chlor ine by the Ponomarenko reaction (see below] 32. Two japanese groups synthesised diphenyl 

ethers with n i t r o  and chloro subst i tuents by coupling of chlorophenol sal ts  with 2 , 5 - d i c h l o ~  

nltrobenzene whereby S lbs t l t u t i on  occurrs in the 2-posi t ion 33"34. 

C. The Sanda~yer react ion. 

A number of mainly low-chlor inated dlphanyl ethers have been synthesised by exchange 

of amino groups fo r  ch lor ine via the Sandmeyer reaction (cf.  Table 1). I t  may be pointed out 

that  attempts in th i s  laboratory to exchange amino groups in the pos i t ion ortho to the ether 

l inkage for  ch lor ine have been unsuccessful although the corresponding deaminatlon react ion 

via d lazotat ion have given good y ie lds of products (see below). 

D. Deamlnatlon react ions. 

We have synthesised a number of chlor inated diphenyl ethers f r =  ~ r c l a l l y  ava i lab le  

amlno-chlorosubstl tuted diphenyl ethers (Aldr ich Cheen, Co.) by deamination v ia treatment with 

amyl n i t r i t e  in bo i l i ng  tetrahydrofuran 35. 

E. Miscellaneous subst i tu t ion reactions. 

Chlorine have been introduced Into the dlphenyl ether system by d i rec t  subst i tu t ion of 

n i t r o  or sul fonyl groups. The 2-chloro- ,  4-chloro-~ 2 ,2 t ,4 j41 ,5 - te t rach lo ro  - and 2,314,4v5 - 
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- tet rachlorodlphenyl  ethers were syntheslsed by the Ponomarenko reaction which involves 

treal~nent of n i t r o  compounds with tetrachloromethane at  elevated temperatures. Deactivated 

aromatic compounds usual ly give high y ie lds of products and the reaction may be used for the 

synthesis of a number of spec i f i ca l l y  chlor inated aromatic systems 32. 

Natsui et  a l .  substt~ruted n i t r o  and sulfur~/I groups for  ch lor ine treal~nent with th ionyl  

chlor ide a t  high temperatures 33. F ina l l y ,  exchange of n i t r o  groups for ch lor ine by the use of 

ch lor ine gas at  high temperatures have been described in a patent 36. 

Refs. 37-~9 contain data on a number of n i t ro -ch lo ro  substi tuted diphenyi ethers which may 

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

F. Miscellaneous coupl ln Q react ions. 

The aryl  ether synthesis described by Crowder et a l .40 have been used for  the synthesis 

of 2,4,4W-tr lchlorodiphenyl ether by coupling of sodium 2~4-dichlorophenolate with 4 ,4 t -d i  - 

chloroblaryl iodonlum chlor idelO. F lna l l y ,  an octachlorodlphenyl ether of unknown structure 

were obtained when diphenyl sulphate was chlor lnated in the presence of Iron In an attempts 

to synthesise 4,4t-dichlorodlphenyl  sulphate41. 

In Table 1 is summarised data on chlor inated diphenyl ethers of known structure. Refer- 

antes that  give l imi ted information on synthetic procedures are given In parentheses. I f  two 

synthet ic methods have been used In a sequence th is  Is Indicated with an arrow (A~B) while 

t~o Independent routes are separated by a comma (A,B). 
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