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CARBON-14-LABELED 2,3,7,8- AND 1,2,7,8-TETRACHLORODIBENZOFURAN 

A l l a n  P. Gray *, W.J. McClel lan and V.M. D i p i n t o  

11T Research I n s t i t u t e ,  Chicago, I l l i n o i s  

SUMMARY 

Both 2,3,7,8- and 1,2,7,8- t e t r a c  h l  o rod i  benzofuran -U14C, s p e c i f i c  a c t i v i t y  
57 mCi /mol ,  have been obta ined i n  low y i e l d  b u t  a t  > 98% p u r i t y  
Pschorr c y c l i z a t i o n  o f  2-phenoxyanil i n e  -U14C, c h l o r i n a t i o n  of t he  r e s u l t a n t  
dibenzofuran and separat ion o f  t he  t e t r a c h l o r o  isomers by hplc .  The lower 
y i e l d s  obtained i n  the  Pschorr c y c l i z a t i o n  o f  "hot"  2-phenoxyanil ine i n  
comparison w i t h  the  "co ld "  ma te r ia l  are postu la ted t o  r e s u l t  from enhanced 
homolyt ic  r e l a t i v e  t o  h e t e r o l y t i c  cleavage o f  t he  "hot"  diazonium i o n  leading 
t o  a "hot"  f r e e  r a d i c a l  which polymerizes. The completely anomalous r e s u l t s  
observed i n  the attempted pal lad ium acetate-mediated cyc l  i z a t i o n  o f  diphenyl 
e the r -  U14C are l i k e w i s e  i n t e r p r e t e d  i n  terms o f  t he  i n t e r v e n t i o n  o f  a "ho t "  
f r e e  r a d i c a l .  

Key words: Tetrachlorodibenzofuran -U14C; 2,3,7,8- and 1,2,7,8-isomers; 
carbon-14; t o x i c  environmental contaminants; f r e e  r a d i c a l  processes. 

INTRODUCTION 

I n t e r e s t  i n  c a r r y i n g  o u t  d i s t r i b u t i o n  and metabolism s tud ies  on the 

extremely t o x i c  environmental contaminant 2,3,7,8-tetrachlorodibenzofuran 

(2,3,7,8-TCDBF) (1,2) engendered a need f o r  synthes is  o f  t he  compound 14C-  

labeled.  

than 50 mCi /mo l )  was requ i red .  

Because o f  i t s  h igh  t o x i c i t y  a h igh  s p e c i f i c  a c t i v i t y  (g rea te r  

A t  the ou tse t  i t  was c l e a r  i t  would be most convenient t o  prepare 

the compound from un i fo rm ly  labeled, app rop r ia te l y  s u b s t i t u t e d  benzene 

s t a r t i n g  ma te r ia l s .  Fur ther ,  s ince we had a l ready shown t h a t  c h l o r i n a t i o n  
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o f  d ibenzofuran  t o  t h e  t e t r a c h l o r o  l e v e l  i n  g l a c i a l  a c e t i c  a c i d  produced 

2,3,7,8- and 1,2,7,8- TCDBF as t h e  p r i n c i p a l  p roduc ts  and had demonstrated 

t h e  f e a s i b i l i t y  o f  s e p a r a t i n g  t h e  isomers by h i g h  performance l i q u i d  

chromatography ( h p l c )  (21, c o n s i d e r a t i o n  o f  t h e  l i m i t a t i o n s  i n  a v a i l a b i l i t y  

o f  s u i t a b l y  s u b s t i t u t e d ,  l a b e l e d  s t a r t i n g  m a t e r i a l s  i n d i c a t e d  t h e  most 

e x p e d i t i o u s  approach would be via c h l o r i n a t i o n  o f  d ibenzo fu ran  -U-14C. 

A p a r t i c u l a r l y  a t t r a c t i v e  approach t o  p r e p a r a t i o n  o f  l a b e l e d  

d ibenzo fu ran  appeared t o  be  via t h e  p a l l a d i u m  aceta te-med ia ted  c y c l i z a t i o n  

o f  d ipheny l  e t h e r  ( 3 , 4 )  which had been r e p o r t e d  t o  go i n  e x c e l l e n t  y i e l d  

w i t h  non - rad io labe led  m a t e r i a l  and wh ich  r e q u i r e d  t h e  s i m p l e s t  s t a r t i n g  

m a t e r i a l s  , phenol and bromobenzene. I n  our  hands , p a l l a d i u m  a c e t a t e  

c y c l i z a t i o n  o f  " co ld "  d ipheny l  e t h e r  under  c o n d i t i o n s  as desc r ibed  I n  t h e  

l i t e r a t u r e  ( 3 )  went smooth ly  as r e p o r t e d  t o  g i v e  u n i f o r m l y  good y i e l d s  

(70-75%) o f  d ibenzofuran .  

55 mCi/mmol ) ,  however, s t r i k i n g l y  d i f f e r e n t  r e s u l t s  ob ta ined .  

W i th  " h o t "  d ipheny l  e t h e r  ( s p e c i f i c  a c t i v i t y  

14 Diphenyl  e t h e r  -U- C was p repared  i n  70-80% y i e l d s ,  comparable t o  those  

r e a l i z e d  i n  t h e  " c o l d "  p rocess ,  by Ul lmann condensat ion  o f  bromobenzene - 

U- 

t h e  cor respond ing  r e a c t i o n  o f  " c o l d "  bromobenzene w i t h  p h e n ~ l - U - ~ ~ C  ( s p e c i f i c  

a c t i v i t y  60-70 mCi/mmol) a f f o r d e d  l i t t l e  o r  no p roduc t ,  a r e s u l t  wh ich  must 

be a s c r i b e d  t o  i n s t a b i l i t y  o f  t h e  " h o t "  pheno la te  an ion  under t h e  r e a c t i o n  

c o n d i t i o n s .  

e q u i v a l e n t  o f  p a l l a d i u m  a c e t a t e  i n  t r i f l u o r o a c e t i c  a c i d  under  t h e  c o n d i t i o n s  

used f o r  t h e  "co ld "  m a t e r i a l  a f f o r d e d  o n l y  t r a c e s  ( l e s s  than  0.1%) o f  

d ibenzo fu ran  and l e s s  than  1% o f  recovered d ipheny l  e t h e r ,  t h e  c rude p roduc t  

t u r n i n g  o u t  t o  be a complex m i x t u r e  o f  o l i g o m e r i c  subs tances .  

low r e s o l u t i o n  mass s p e c t r o m e t r i c  a n a l y s i s  o f  t h e  c rude r e a c t i o n  p roduc t  

( e l e c t r o n  impact;  d i r e c t  p robe s i n c e  t h e  m a t e r i a l  had been unde tec tab le  i n  

a gas chromatograph ic  e f f l u e n t )  i n d i c a t e d  t h e  p resen t  o f  what appeared t o  be 

14 C ( s p e c i f i c  a c t i v i t y  43-69 mCi/mmol) w i t h  " c o l d "  phenol .  I n  c o n t r a s t ,  

Two a t tempts  t o  c y c l i z e  t h e  d ipheny l  e t h e r  -U-14C w i t h  one 

Q u a l i t a t i v e ,  
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d i s c r e t e  dibenzofuran dimers, t r imers  , te t ramers  and higher homologs w i t h  

molecular weights u p  t o  and above 1000 as  well a s  l e s s e r  amounts o f  

apparent ly  phenyl-subst i tuted analogs of  these  01 igomers. 

Varying amounts of  diphenyl e t h e r  dimers have been reported t o  form 

when t h e  "cold" reac t ion  i s  c a r r i e d  out  under d i f f e r e n t  condi t ions 

( c a t a l y t i c  amount of palladium a c e t a t e ,  an i n e r t  solvent  o r ,  opt imal ly ,  no 

so lvent ,  a t  the much higher  temperature of 15OoC and under oxygen pressure)  

( 5 ) .  The authors suggest t h e i r  process involves reac t ion  of oxygen t o  form 

an intermediate  hydroperoxypalladium.dipheny1 e t h e r  complex ( 5 ) .  

I t  appeared t o  us our r e s u l t s  could be most p laus ib ly  ra t iona l ized  i n  

terms of  a radical  process. As shown i n  Scheme r ,  palladium a c e t a t e  

presumably r e a c t s  with diphenyl ether t o  e f f e c t  l o s s  of  a hydrogen atom (or 

proton) and formation of  an acetoxypalladium diphenyl ether complex. The 

complex may then undergo c y c l i z a t i o n  o r  o t h e r  reac t ions  e i t h e r  

homolytic displacement of palladium o r  the f r e e  rad ica l  formed by 

homolytic cleavage of t h e  palladium-carbon bond, A h e t e r o l y t i c  process 

appears l e s s  l i k e l y .  I t  seems reasonable t o  suppose t h a t ,  owing t o  t h e  

excess energy contained i n  t h e  "hot" diphenyl e t h e r  nucleus, t h e  radto-  

labeled compound r e a c t s  w i t h  palladium a c e t a t e  t o  form a "hot" f r e e  

radical  e i t h e r  d i r e c t l y  o r  by rapid cleavage of a p a r t i c u l a r l y  unstable  

palladium complex. The energy der iv ing  from t h e  high leve l  of radlo- 

a c t i v i t y  added t o  t h e  energy inherent ly  contained i n  a f r e e  radfcal  

could well a l t e r  the course o f  reac t ion  and cause t h e  f i n i t e - l i v e d  

rad ica l  t o  e n t e r  i n t o  non-select ive reac t ion  processes, 

d i r e c t  

I t  was thus c l e a r  t h a t ,  f i r s t ,  we had t o  avoid use of a "hot" 

phenolate anion. Second, i t  appeared our chances of  success would be 

g r e a t e r  i f  we avoidedcyclizationprocesses which might Involve a f r e e  

radical  intermediate  and focused instead on h e t e r o l y t i c  processes. This 
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l a t t e r  p o i n t  r u l e d  o u t  c o n s i d e r a t i o n  o f  t h e  r e c e n t l y  r e p o r t e d  photochemical  

c y c l  i z a t i o n  o f  2 -ch lo rod ipheny l  e the rs (6 )  and d i r e c t e d  o u r  a t t e n t i o n  back 

t o  t h e  convent ional  Pschorr  c y c l i z a t i o n  which we had p r e v i o u s l y  used f o r  

syn thes i s  o f  " c o l d "  polyCDEF's (2 ) .  

Scheme I 

Pd * OAC 1 '  I' c o l  d I' 

-[pa]- " co ld "  Q-- 
1 - 

t PdOAc " h o t "  \ 
Oligomer i c  m a t e r i a l s  

The l i m i t a t i o n s  we had imposed meant we would need 14C- labeled 0- 

chloroni t robenzene a t  a s p e c i f i c  a c t i v i t y  above 50 mCi/mmol as s t a r t i n g  

m a t e r i a l  . 
compound, found it, a t  a s p e c i f i c  a c t i v i t y  o f  60 mCi/m?l,to be t o o  u n s t a b l e  

t o  handle.  It appeared t h e  n i t r o  s u b s t i t u e n t  caused t o o  much weakening o f  

t h e  ca rbon-ch lo r i ne  bond. 

p repar ing  both 2 -ch lo ron i t robenzene  -U-14C and phenol -U-14C a t  l ower  

However, New England Nuclear,  who c o n t r a c t e d  t o  supply  t h i s  

New England Nuclear r e s o l v e d  t h e  problem by 
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(30 mCi/mmol) s p e c i f i c  a c t i v i t i e s ,  immediately sub jec t i ng  them t o  r e a c t i o n  

and supply ing us w i t h  t h e  r e s u l t a n t  2-phenoxynitrobenzene -U-14C, 60 mCi/mmol . 
As expected, both reactants  showed g rea te r  s t a b i l i t y  a t  t he  lower s p e c i f i c  

a c t i v i t y .  

converted t o  the diphenyl e the r  d e r i v a t i v e  which proved t o  be eminently 

s tab le ,  poss ib l y  i n  p a r t  because the  r a d i o a c t i v i t y  was d l s t r i b u t e d  over  

both r i n g s .  

Degradation was f u r t h e r  avoided by t h e i r  being promptly 

Reduction of t h e  n i t r o  groups by hydrazine and Raney n i c k e l  (21 

proceeded u n e v e n t f u l l y  t o  g i v e  a good y t e l d  o f  2-phenoxyantl I n e  -U-14C 

(Scheme 11). The Pschorr c y c l i z a t i o n  was c a r r i e d  ou t  i n  the  normal way i n  

aqueous s u l f u r i c  a c i d  w i t h  d i a z o t i z a t i o n  by sodium n i t r i t e  s ince s o l u b i l l t y  

d i d  n o t  present a problem as i t  d i d  w i t h  po l ych lo ro -subs t i t u ted  analogs [Z). 

C y c l i z a t i o n  o f  t he  "hot"  a n i l i n e  d i d  indeed a f f o r d  dibenzofuran -U-14C 

(l-U-'4C] although t h e  y i e l d  was much lower  than was obta ined w i t h  "co ld"  

m a t e r i a l .  

temperature as poss ib le  and the s o l u t i o n  of t h e  diazonlum s a l t  was poured 

w i thou t  de lay i n t o  the b o i l i n g  aqueous s u l f u r i c  ac td  con ta in ing  the  copper 

c a t a l y s t .  

deposi ted a p r e c i p i t a t e  o f  polymeric ma te r ia l  w i t h  a consequent marked 

reduc t i on  i n  y i e l d  o f  l-U-14C. 

Y i e l d  was opt imal  when the  c y c l i z a t i o n  was c a r r i e d  ou t  a t  as low a 

As t he  s o l u t i o n  of the "hot"  diazonium s a l t  stood, i t  r a p i d l y  

We i n t e r p r e t  these r e s u l t s  as d e r i v i n g  from a compet i t ion between 

h e t e r o l y t i c  and homolyt ic breakdown o f  t he  diazonium s a l t .  

diazonium ions do indeed breakdown by the  two competing processes has been 

discussed i n  d e t a i l  (7,8). We pos tu la te  t h a t  w i t h  t h e  "hot" dlazonlum i o n  

homolyt ic breakdown t o  a f r e e  r a d i c a l  occurs a t  an enhanced r a t e ,  

Evidence t h a t  

Careful c h l o r i n a t i o n  of  1-U-14C i n  h o t  g l a c i a l  a c e t i c  ac id  gave, as 

w i t h  t h e  "co ld"  ma te r ia l  (21, a crude product con ta ln lng  ( g l c )  55% o f  a 

m ix tu re  of 2,3,7,8-TCDBF-U-14C (2) and 1,2,7,8-TCDBF-U- 

tri-CDBF and small amounts o f  d i -  and penta-chloro ma te r ia l s ,  

14 C (z), 43% o f  

Hplc 
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separation o f  t h i s  mixture afforded b o t h  2 and 2 a t  levels o f  purity 

> 98% by glc response. 

c1 
c1 c l z Q  c1 0 & 

+ t r i  CDBF's + diCDBF + DentaCDBF's 
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EXPERIMENTAL 

Caut ion :  I n  a d d i t i o n  t o  normal p recau t ions  taken  i n  d e a l i n g  w i t h  r a d l o -  

a c t i v e  m a t e r i a l s ,  owing  t o  i t s  extreme t o x i c i t y  s p e c i a l  c a r e  must be 

e x e r c i s e d  i n  work ing  w i t h  2,3,7,8- TCDBF. 

DBF m a t e r i a l s  was c a r r i e d  o u t  i n  g l o v e  boxes i n  an t s o l a t e d  t o x i c  f a c i l i t y .  

Exhaust a i r  was f i l t e r e d .  

ch lo racne  and i r r e v e r s i b l e  l i v e r  damage. 

A l l  work I n v o l v i n g  c h l o r i n a t e d  

Contac t  w i t h  these  compounds can cause 

Mass s p e c t r a l  d a t a  were obtat 'ned a t  70eV w i t h  a H i t a c h i  Perkin-Elmer 

RMU-6D spec t romete r  and a d i r e c t  probe. Glc da ta  were ob ta ined  w i t h  a 

Var ian  Model 1700 gas chromatograph, hydrogen f lame i o n i z a t i o n  d e t e c t o r  

a t  325OC, i n j e c t o r  tempera ture  275OC, h e l i u m  f l o w  r a t e  35 m l / m i n ,  

2m x 0.32 cm s t a i n l e s s  s t e e l  column packed w i t h  Dexs i l  300, oven program 

a t  100-295°C a t  12O/min, un less  s t a t e d  o the rw ise .  

a Dupont Model 830 i n s t r u m e n t ,  UV d e t e c t o r  a t  280 nm, 0.62 x 25 cm Zorbax 

ODS column, methano l :  0.01 f.1 aqueous phosphor ic  a c i d  mob i l e  phase 9O:lO a t  

a f l o w  r a t e  o f  1.5 mL/min, column a t  55OC and 1500 p s i .  R a d i o a c t i v i t y  was 

de termined w i t h  an Amersham S e a r l e  Mark 111 l i q u i d  s c i n t i l l a t i o n  coun te r .  

Hp lc  was per fo rmed w i t h  

U n i f o r m l y  14C- labe led  phenol  was o b t a i n e d  f rom Amersham-Searle. 

Un i fo rmly  4C-1 abel  ed  bromobenzene and 2-phenoxyn i t robenzene were o b t a i n e d  

f rom New England Nuc lear .  

o-Phenoxyani1ine-U-l4C. E s s e n t i a l l y  as desc r ibed  f o r  " c o l d "  c h l o r o -  

s u b s t i t u t e d  analogs ( 2 )  a s o l u t i o n  o f  51.7 m C i  (60.7 mCi/mmol , 0.85 m o l )  o f  

- o-phenoxyni t robenzene -U-14C i n  5 mL o f  95% e thano l  c o n t a i n i n g  g. 50 mg o f  

a c t i v a t e d  Raney n i c k e l  was heated  a t  r e f l u x  and t r e a t e d ,  d ropwise  w i t h  

s t i r r i n g  o v e r  a p e r i o d  o f  15 min ,  w i t h  a s o l u t i o n  o f  162 mg o f  hyd raz ine  

h y d r a t e  (85% i n  wa te r ,  2.7 mmol) i n  1.3 mL o f  95% e thano l .  S t i r r i n g  and 

h e a t i n g  were con t inued  f o r  1 h r ,  f o l l o w i n g  which t h e  r e a c t i o n  m i x t u r e  was 

a l l owed  t o  coo l  t o  room tempera ture ,  f i l t e r e d  and t h e  s o l v e n t  was removed 

f rom t h e  f i l t r a t e  by d i s t i l l a t i o n .  The process was repea ted  t w i c e  more t o  
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y i e l d  a t o t a l  o f  412 mg (87%) o f  a brown s o l i d  r e s i d u e ,  95% 

- o-phenoxyan i l ine  and 5% s t a r t i n g  m a t e r i a l  by g l c  response. 

D i b e n ~ o f u r a n - U - ~ ~ C .  - Cycl i z i n g  c o n d i t i o n s  adopted  had i n  o u r  hands 

a f f o r d e d  60-70% y i e l d s  o f  un labe led  d ibenzo fu ran .  

(0.77 mmol ) o f  t h e  c rude g-phenoxyani l ine-U-14C prepared i n  t h e  p reced tng  s t e p  

i n  1.5 mL o f  1 N s u l f u r i c  a c i d  was added, d ropw lse  w i th  s t i r r l n g  and c o o l i n g  

a t  O°C, a s o l u t i o n  o f  79 mg (1.2 mmoll o f  sodlum n i t r i t e  i n  0.8 mL o f  water .  

S t i r r i n g  was con t inued  a t  O°C f o r  3-5 min.  (The l o n g e r  t h e  m a t e r i a l  was 

a l l owed  t o  s t i r ,  and p a r t i c u l a r l y  if t h e  tempera tu re  was a l l o w e d  t o  r i s e  

s l i g h t l y ,  t h e  m r e  po lymer i c  p r e c i p i t a t e  formed, The p r e c i p i t a t e  cou ld  n o t  be  

de tec ted  i n  a g l c  e f f l u e n t .  W i th  i nc reased  p r e c i p i t a t e  f o r m a t i o n  y i e l d  of 

p roduc t  s u f f e r e d  marked ly . )  The r e a c t i o n  m i x t u r e  was t h e n  poured, r a p t d l y  w i th  

s t i r r i n g ,  i n t o  3.9 mL o f  b o i l i n g  1 N s u l f u r i c  a c i d  c o n t a i n i n g  s . 1 5  mg o f  

copper c a t a l y s t  ( 9 ) .  The r e s u l t a n t  r e a c t i o n  m i x t u r e  was heated  under  r e f l u x  

w i t h  s t i r r i n g  f o r  3.5 h r . ,  a l l owed  t o  c o o l  and e x t r a c t e d  w i t h  1 x 1 0  mL 

f o l l o w e d  by 3 x 5 mL p o r t i o n s  o f  ch lo ro fo rm,  The combined o r g a n i c  l a y e r s  were 

washed w i t h  2 x 29 mL p o r t i o n s  o f  10% aqueous sodium hyd rox ide ,  once w i th  w a t e r  

d r i e d  ove r  anhydrous magnesium s u l  f a t e s a n d  t h e  s o l v e n t  was removed by  

d i s t i l l a t i o n .  The c rude p roduc t  was chromatographed on a 1 x 10  cm s i l i c a  g e l  

column w i t h  e l u t i o n  by pe t ro leum e t h e r  (b.p. 35-6OoC): c h l o r o f o r m  9 : l .  

process was c a r r i e d  o u t  3 t imes  w i t h  a t o t a l  o f  412 mg (2.23 m o l )  of 

- o-phenoxyan i l ine .  The y i e l d  o f  p roduc t  improved a s  we l e a r n e d  t o  c u r t a i l  t h e  

t i m e  a l l owed  f o r  d i a z o t i z a t i o n ;  however, because o f  t h e  ex t reme ly  l o w  y i e l d  

produced i n  t h e  f i r s t  r u n ,  an  o v e r a l l  y i e l d  o f  o n l y  48 mg (13%, 17 .3  mCi) o f  

d ibenzofuran-U- 

g l c  response. 

To a s o l u t i o n  o f  143 mg 

The 

14 C was ob ta ined  as a c o l o r l e s s  c r y s t a l l i n e  s o l i d ,  98% pure  by  

14 2,3,7,8-Tetrachlorodibenzdfuran-U C (2) .  - E s s e n t l a l l y  as p r e v i o u s l y  

desc r ibed  f o r  t h e  c h l o r i n a t i o n  o f  c o l d  d ibenzo fu ran  (2 ) ,  a s o l u t i o n  of  t h e  

48 mg (0.285 mno l )  o f  d ibenzofuran-U- C o b t a i n e d  i n  t h e  p reced ing  s t e p  i n  14  
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0.5 mL o f  glacial  ace t ic  acid was t rea ted ,  dropwise with s t i r r i n g  a t  70oC 

over a period of 0.5 h r ,  w i t h  1.6 mL of a 6% solution of chlorine (1.4 mmol) 

i n  glacial  ace t ic  acid. S t i r r i n g  and heating a t  7OoC were continued and progress 

of the reaction was monitored by glc. 

repeated i n  1.5-1.6-mL portions per day until  a to ta l  of 18 mL (15 mmol of 

chlorine) had been introduced and the reaction mixture was indicated by g lc  to  

contain 55% combined of 2,3,7,8- and lY2,7,8-TCDBF, 43% o f  tri CDBF"S, 1% of 

diCDBF and 1% of pentaCDBF's. 

e a r l i e r  experience, in order t o  avoid formation of additional , d i f f i c u l t l y  

separable, pentachloro material. 

reaction mixture gave a precipitate which was collected by centrifugation and 

dissolved i n  25 mL of chloroform. The chloroform solution was washed suc- 

cessively w i t h  25-mL portions of water, 10% aqueous sodium hydroxide and 

water, and dried over anhydrous sodium su l fa te .  

d i s t i l l a t i o n  t o  provide 43 mg o f  l igh t  brown so l id  indicated by g lc  t o  consist 

o f  80% combined of 2,3,7,8- and 1,2,7,8-TCDBF i n  approximately a 3:2 r a t i o ,  

15% of triCDBF's and 5% of pentaCDBF's. 

of warm dioxan and the solution was injected in small (70 u L )  portions into 

the hplc and chromatographed under the conditions described ea r l i e r .  The 

2,3,7,8-TCDBF peaks were collected,  combined, and the solvent was removed by 

d i s t i l l a t i o n  to  leave a white so l id ,  92% pure by glc.  

o f  this from chloroform afforded 9.0 mg of 2,3,7,8-TCDBF-U-14C as colorless 

crystals > 98% pure by g lc  response, g lc  retention time 17.5 min  (peak  height 

increased by spiking w i t h  authentic (2) "cold" 2,3,7,8-TCDBF), hplc retention 

time 23 m i n ,  spec i f ic  ac t iv i ty  57 mCi/mol. 

Addition of chlorine solution was 

Chlorination was halted a t  this point based on 

Addition of 8.5 mL o f  water t o  the cooled 

The solvent was renoved by 

This material was dissolved in 1.5 mL 

Two recrys ta l l iza t ions  

1,2,7,8-Tetrachlorodibenzofuran-U-1~C (3 ) .  - On standing i n  the methanol- 

0.01N phosphoric acid eluting solution, the collected and combined 1,2,7,8- 

TCOBF peaks deposited 1.5 mg o f  colorless c rys ta l s  of 1,2,7,8-TCDBF-U-14C, 

> 98% pure by g lc  response, glc retention time 17.2 min (checked with 
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authent ic  "co ld"  ma te r ia l  ( 2 )  1, hp l c  r e t e n t i o n  t ime  30 min. 

Reaction o f  Phenol -U-14C w i t h  Bromobenzene. Our procedure, based on 

a c l a s s i c  preparat ion ( l o ) ,  c o n s i s t e n t l y  a f fo rded  70-80% y i e l d s  o f  unlabeled 

diphenyl e ther .  To a methylene c h l o r i d e  s o l u t i o n  o f  25.6 mg o f  p h e n ~ l - U - ' ~ C  

(amount determined by g l c ,  Tenax l m  x 0.32 cm s t a i n l e s s  s tee l  column, helium 

f l ow  r a t e  12 mL/min, 110' C isothermal, r e t e n t i o n  t ime  8.6 min; t r i m e t h y l s i l y l  

d e r i v a t i v e  on a 2 m x 0.32 cm Dexsi l  300 column, hel ium f l o w  40 mL/min, 60' C 

isothermal, showed a r e t e n t i o n  t ime  of 2 rnin), s p e c i f i c  a c t i v i t y  110 mCi/mmol , 
was added 24.2 mg o f  "co ld"  phenol and the  s o l u t i o n  was evaporated t o  dryness 

under reduced pressure under n i t r o g e n  a t  room temperature, 

49.8-mg combined t o t a l  phenol-U-14C res idue (0.53 mmol)> ca l cu la ted  s p e c i f i c  

a c t i v i t y  57 mCi/mmol, was added 83 mrj (0.53 mmol) o f  bromobenzene, 73 mg 

(0.53 mmol) o f  potassium carbonate and a small amount o f  copper c a t a l y s t  (9). 

The reactants  were i n t i m a t e l y  mixed and heated i n  a f l a s k  equipped w i t h  a 

r e f l u x  condenser under n i t rogen  f o r  3 h r  a t  210°C (bath temperature). The 

cooled r e a c t i o n  m ix tu re  was t r i t u r a t e d  w i t h  4 mL of 10% aqueous sodium 

hydroxide and the  m ix tu re  was ex t rac ted  w i t h  2 x 2 mL p o r t i o n s  o f  methylene 

ch lo r i de .  

magnesium s u l f a t e  and evaporated under reduced pressure. 

repeated several t imes w i t h  some v a r i a t i o n s  i n  cond i t i ons  t o  prov ide l a r g e  

amounts o f  recovered bromobenzene and y i e l d s  ranging f r o m  0-15% o f  diphenyl 

e the r  (amount determined by g l c  w i t h  the  Tenax column, oven program 120-200°C 

a t  6O/min, r e t e n t i o n  t ime 11.3 min). The s p e c i f i c  a c t i v i t y  o f  t h e  diphenyl 

e the r  was 2.5 mCi/mmol suggesting s e l e c t i v e ,  i n t ramo lecu la r  degradation o f  

the "hot" phenol. 

To the assumed 

The organic  e x t r a c t  was washed w i t h  water, d r i e d  over anhydrous 

The process was 

Reaction o f  Phenol w i t h  Bromobenzene - U-14C. - I n  s i m i l a r  fashion, a 

m ix tu re  o f  170 mg (1.08 mmol) o f  b romoben~ene-U-~~C (spec t f i c  a c t i v i t y  

69 mCi/mmol), 152 mg (1.62 mmol) o f  phenol, 224 mg (1.62 mmol) o f  potassium 

carbonate and a small amount o f  copper c a t a l y s t  was heated for 2.5 h r  a t  205OC 
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14  (ba th  tempera ture) .  

a f fo rded  167 mg (92%) o f  c rude p roduc t  as an o i l  i n d i c a t e d  by g l c  response 

( D e x s i l  300 column) t o  c o n s i s t  o f  91% d ipheny l  e t h e r  -U- 

bromobenzene - U-14C. 

Workup as desc r ibed  f o r  t h e  r e a c t i o n  w i t h  phenol-U- C 

14  C and 9% o f  

A repea t  o f  t h e  process gave comparable r e s u l t s .  

C y c l i z a t i o n  o f  Diphenyl  E the r . -  E s s e n t i a l l y  as d e s c r i b e d  ( 3 ) ,  a 

s o l u t i o n  o f  34 mg (0.2 mmol) o f  d ipheny l  e t h e r  ( A l d r i c h )  and 45 mg (0.2 m l )  

o f  p a l l a d i u m  a c e t a t e  i n  0.5 mL o f  t r i f l u o r o a c e t i c  a c i d  was heated  a t  r e f l u x  

f o r  4 h r .  

-___ i n  vacuo and t h e  r e s i d u e  was taken  up i n  2 mL o f  methy lene c h l o r i d e .  

s o l u t i o n  was washed w i t h  2 x 1 mL o f  10% sodium hyd rox ide ,  water ,  d r i e d  o v e r  

anhydrous magnesium s u l f a t e  and evapora ted  under reduced p ressu re  t o  y i e l d  

25 mg (74%)  o f  p roduc t  as a s o l i d  i n d i c a t e d  by g l c  t o  c o n s i s t  o f  95% 

d ibenzo fu ran  and 5% d ipheny l  e t h e r .  

The r e a c t i o n  m i x t u r e  was f i l t e r e d ,  t h e  f i l t r a t e  was evapora ted  

The 

I n  o r d e r  t o  s i m u l a t e  t h e  r a d i o l a b e l e d  s t a r t i n g  m a t e r i a l ,  an  exper iment  

was c a r r i e d  o u t  i n  wh ich  500 mg o f  d ipheny l  e t h e r  p roduc t  f rom a r e a c t i o n  o f  

" co ld "  bromobenzene and pheno l ,  c o n t a i n i n g  90% d ipheny l  e t h e r  and 10% 

bromobenzene ( g l c )  (2.65 mnol d ipheny l  e t h e r ) ,  and 595 mg (2.65 mmol) o f  

p a l l a d i u m  a c e t a t e  i n  7 mL o f  t r i f l u o r o a c e t i c  a c i d  were heated  a t  r e f l u x  f o r  

4 h r  and t h e  r e a c t i o n  m i x t u r e  was worked up as b e f o r e  t o  g i v e  330 m g  (74% 

y i e l d )  o f  s o l i d ,  98% d ibenzo fu ran  by g l c .  

Two a d d i t i o n a l  runs  w i t h  " c o l d "  m a t e r i a l  gave s i m i l a r  r e s u l t s .  

C y c l i z a t i o n  o f  d ipheny l  e t h e r  -U-14C.- A s o l u t i o n  o f  182 mg o f  p roduc t  

f rom a r e a c t i o n  o f  bromobenzene - U-14C w i t h  pheno l ,  c o n t a i n i n g  ( g l c )  87% 

d ipheny l  e t h e r  -U-14C and 13% bromobenzene -U-14C ( 0 - 9 3  mmol d i p h e n y l  e t h e r ) ,  

and 210 mg (0.93 mmol) o f  p a l l a d i u m  a c e t a t e  i n  2 mL o f  t r i f l u o r o a c e t i c  a c i d  

was heated  a t  r e f l u x  f o r  4 h r .  The r e a c t i o n  m i x t u r e  was f i l t e r e d  and t h e  

f i l t r a t e  was evapora ted  i n  vacuo t o  l e a v e  a b l a c k  s o l i d  resl'due. The s o l i d  

was d i s s o l v e d  i n  4 mL o f  methy lene c h l o r i d e .  Washing o f  t h l s  s o l u t i o n  w i t h  

2 mL o f  10% aqueous sodium hyd rox ide  caused t h e  p r e c i p l t a t t o n  o f  a l a r g e  
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amount o f  b l a c k  s o l i d .  The b l a c k  s o l i d  was c o l l e c t e d  by f i l t r a t i o n ,  and i t  

and t h e  p a l l a d i u m  s a l t s  p r e c i p i t a t e d  f rom t h e  r e a c t i o n  m i x t u r e  were 

e x h a u s t i v e l y  e x t r a c t e d  w i t h  ch lo ro fo rm.  G lc  a n a l y s i s  ( D e x s i l  300) o f  b o t h  

t h e  methylene c h l o r i d e  f i l t r a t e  and t h e  c h l o r o f o r m  e x t r a c t  ( reduced t o  a 

smal l  volume) i n d i c a t e d  t h e  presence o f  no  d ipheny l  e t h e r ,  l e s s  than  0.1% 

d ibenzofuran  and no o t h e r  chromatographable substances. The combined 

methylene c h l o r i d e  and c h l o r o f o r m  s o l u t i o n  was evapora ted  t o  d ryness  t o  g i v e  

107 mg o f  a b l a c k  s o l i d  wh ich  was s u b j e c t e d  t o  mass s p e c t r a l  a n a l y s i s  ( d i r e c t  

p robe)  w i t h  t h e  f o l l o w i n g  r e s u l t s .  

The p roduc t  m i x t u r e  was i n d i c a t e d  t o  c o n t a i n  p o l y m e r i c  m a t e r i a l ,  

mo lecu la r  we igh ts  above 1000, wh ich  showed f r a g m e n t a t i o n  p a t t e r n s  i n v o l v i n g  

s tepwise  l o s s  o f  f ragments  w i t h  masses o f  76 and 89-90. I n  a d d i t i o n ,  t h e r e  

appeared t o  be d i s c r e e t  dimers,  t r i m e r s  and t e t r a m e r s  p r e s e n t  hav tng  

mo lecu la r  i o n s  w i t h  masses c e n t e r i n g  around t h e  f o l l o w i n g :  

334 (major  peak) - d ibenzo fu ran  d imer  (? )  

410 (major  peak) - p h e n y l - s u b s t i t u t e d  d imer  (? )  

456 (minor  peak) - d imer  s u b s t i t u t e d  by two pheny ls  ( ? )  

509 (ma jor  peak) - d ibenzo fu ran  t r i m e r  ( ? )  

576 (major  peak) - p h e n y l - s u b s t i t u t e d  t r l m e r  (.?) 

652 (m ino r  peak) - t r i m e r  s u b s t i t u t e d  by  twu pheny ls  (? )  

556 (ma jor  peak) - d ibenzo fu ran  t e t r a m e r  ( ? )  
14 A second a t tempt  t o  c a r r y  o u t  t h e  process w i t h  d ipheny l  e t h e r  -11- C 

gave e s s e n t i a l l y  t h e  same r e s u l t s .  
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