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SUMMARY 

Boron t r i b romide  has been assessed as a c a t a l y s t  f o r  r a p i d  
t r i t i u m  l a b e l i n g  o f  organic  compounds us ing t r i t i a t e d  water 
under m i l d  condi t ions.  A1 k y l  and halogen s u b s t i t u t e d  
aromatics l abe led  r a p i d l y ,  t he  l a b e l i n g  being most pronounced 
i n  the  o r t h o  and para pos i t i ons .  Compounds con ta fn ing  
e l e c t r o p h i l i c  deac t i va t i ng  groups were found t o  be d i f f i c u l t  
t o  l a b e l .  Very 1 i t t l e  byproduct format ion was observed. 
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INTRODUCTION 

It has p rev ious l y  been demonstrated (1.2) t h a t  a l k y l a l m i n i u m  

hal ides,  i n  p a r t i c u l a r  e t h y l -  and methylaluminium ch lo r i de ,  are use fu l  

c a t a l y s t s  f o r  t he  r a p i d  t r i t i u m  l a b e l i n g  of aromatic and se lected 

a l i p h a t i c  compounds, us ing t races  o f  h lgh  s p e c i f i c  a c t i v i t y  t r i t i a t e d  

water as the  isotope source. The technique r e s u l t s  i n  l a b e l i n g  t o  h l g h  

s p e c i f i c  a c t i v i t y ,  t h e  l a b e l  be ing most ly  conf ined t o  the  aromatic r i n g  

where app l i cab le  (3 ,4 ) ,  or t o  t e r t i a r y  carbons of a l i p h a t i c  compounds 

( 5 ) .  I n  t h e  case o f  aromatic compounds, t r i t i u m  genera l l y  was found t o  

be randomly d i s t r i b u t e d  i n  the  r i n g .  A se r ies  o f  hydroxybenzCalpyrenes 

( 6 )  and cyclopenta[c,d]pyrene ( 7 )  Were t r i t i u m  l a b e l e d  us ing 

ethylaluminium ch lo r i de .  The chemical and radiochemical p u r i t y  o f  the 
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l abe led  compounds was repo r ted  t o  be b e t t e r  than 95%, w i t h  the  s p e c i f i c  

a c t i v i t y  dependent upon the  a c t i v i t y  o f  the t r i t i a t e d  water used ( e i t h e r  

5, 50 o r  500 Ci/mL). I n  add i t i on ,  1,3,5-trimethylbenzene and 

1,4-dimethylnaphthalene were l abe led  t o  h igh  s p e c i f i c  a c t i v i t y  (8) by 

t h i s  method. The technique i s  a l so  i n  c m o n  use f o r  r o u t i n e  product ion 

o f  tri t i a t e d  compounds (9 ) .  

We now r e p o r t  boron t r i b romide  as a s u i t a b l e  r a p i d  t r i t i a t i o n  

c a t a l y s t ,  as an a l t e r n a t i v e  t o  t h e  a lky la lumin ium hal ides,  f o r  use when 

the 1 abel i ng requ i red  i s more c h a r a c t e r i s t i c  o f  e l  ec t roph i  1 i c ( i e .  

general ac id  cata lysed)  s u b s t i t u t i o n .  

Boron t r i b romide  has been p rev ious l y  used (10,111 as a c a t a l y s t  f o r  

t r i t i u m  l a b e l i n g  o f  aromatic compounds, naphthalene and var ious 

s te ro ids ,  us ing t r i t i a t e d  water as the i so tope  source. This  work was 

p re l im ina ry  i n  nature, and we now r e p o r t  a more systematic study o f  t h i s  

l a b e l i n g  system. The cond i t i ons  f o r  e f f i c i e n t  exchange i n  toluene were 

establ ished,  and a s e l e c t i o n  o f  a1 ky laromat ics and s u b s t i t u t e d  benzenes 

were l abe led  under these cond i t i ons .  

EXPERIMENTAL 

I n  a t y p i c a l  exchange experiment, the organic  compound t o  be l abe led  

(0.29 or 0.2mL) was p laced i n  a const r ic ted-neck pyrex r e a c t i o n  ampoule. 

So l i ds  were d isso lved i n  a minimum q u a n t i t y  o f  an i n e r t  so lvent  such as 

cyclohexane. The tube was f l ushed  w i t h  d ry  n i t r o g e n  and placed i n  a 

drybox. L i q u i d  boron t r i b romide  (O.lmL approx.) was then in t roduced 

from a d ry  syringe. The tube was removed from the  drybox and the  

contents q u i c k l y  f rozen i n  l i q u i d  n i t rogen.  T r i t i a t e d  water o f  t he  

requ i red  a c t i v i t y  (O.lmL) was then f rozen onto the  i n n e r  w a l l  o f  the 

tube. The tube was removed from the  l i q u i d  n i t r o g e n  and, a f t e r  a pause 

of several seconds t o  a l l o w  the escape o f  condensed atmospheric gases, 

the tube was flame-sealed. Samples were genera l l y  h e l d  a t  70' f o r  24 
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hours before analysis. The organic compound was iso la ted  from the 

react ion mixture by careful hydrolysi s o f  the remaining boron tri bromide 
using non-isotopic water, fol lowed by removal o f  the organic layer  using 

a Pasteur p ipe t te  or a m i c r o l i t r e  syringe. 

d r ied  over anhydrous sodium carbonate or 5A molecular sieve, and 

analysed. The overal l  a c t i v i t y  and sample p u r i t y  was assessed by 

radio-gas chromatography, and the or ien ta t ion  o f  t r i t i u m  was determined 

by 3H NMR spectroscopy. The instrument used throughout was a Bruker 

UP60 NMR spectrometer, equipped w i th  a 5mn t r i t i u m  probe, and operating 

a t  a frequency o f  64MHz. 

The iso la ted  organic was 

RESULTS 

The resu l ts  o f  t r i t i u m  labe l ing  o f  alkylaromatics and subst i tuted 

benzenes i n  the presence o f  boron tr ibromide are reported i n  the Table. 

Those compounds which displayed s u f f i c i e n t  exchange were analysed by 3H 

NMR t o  determine the d i s t r i b u t i o n  o f  t r l t i u m  w i th in  the compound.. The 

theoret ical  equi l ibr ium a c t i v i t y  was calculated by a determination of 

the mole r a t i o  o f  hydrogen i n  the substrate t o  the t o t a l  hydrogen 

content o f  the sample ( t r i t l a t e d  water t substrate), and assuming a 

random d i s t r i b u t i o n  o f  t r i t i u m  a t  equi l ibr ium. 

A1 1 alkylbenzenes studied underwent e f f l c i e n t  exchange, and i t  was 

found tha t  labe l ing  was confined t o  the aromatic r ing ,  the labe l ing  

being most pronounced i n  the ortho and para posl t ions,  w i th  the meta 

posi t ions severely deactivated i n  a l l  cases. The chemical and 

radiochemlcal p u r i t y  o f  the labeled compounds general ly was found t o  be 

be t te r  than 95%. Traces o f  benzene were found i n  some cases, bu t  not 

more than 5% abundance. The halobenzenes labeled predominantly i n  the 

para posl t lon,  w i th  an increasing amount o f  label  i n  the ortho pos i t ion  

as the s ize o f  the halogen subst i tuent increased. 

decomposed s lgn i f i can t l y  on addl t lon o f  BBr3 and was not fu r ther  

invest1 gated. 

Iodobenzene 
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TABLE 

Compound 

Exchange o f  A lky laromat ics and Subs t i t u ted  Benzenes 
w i t h  HTO i n  the  Presence o f  Boron Tribromide 

I APP. 
or tho  

4.8 Benzene 

To1 uene 

n - Pr opy 1 - O 
Iso-Propyl-0 

Iso-Butyl -0 

t - Buty 1 -0 

Cyclohexyl -O 

C H 2 0 ~  

F-0 

Cl-0 

Br-O 

1-4 

CH30-0 

OCH-0 (0.1 

CF3-0 (0.1 

58.7 31.5 

57.3 30.5' 

20.3 31.0 

15.8 21.4 

48.6 30.2 

9.1 30.2 

7.8 33.3' 

11.8 15.8 

7.3 27.3 

7.4 26.0 

I Incorpora t lon lH  
meta para 

5.1 26.9 

4.2 30.5' 

2.7 32.7 

(0.1 57.3 

4.3 31.0 

3.4 32.8 

(0.1 33.3' 

(0.1 68.4 

(0.1 45.5 

(0.1 48.0 

DECOMPOSED 

DECOMPOSED (see t e x t  1 

a1 ky l  

(0.1 

(0-1 

(0.1 

(0.1 

(0.1 

(0.1 

(0.1 

I Approach t o  t h e o r e t i c a l  e q u l l l b r l u m  

I ortho and para pos i t ions  unresolved I n  n-propylbenzene and dlphenylmethane 

Gas chromatographic ana lys i s  o f  the crude r e a c t i o n  m ix tu re  from the  

an iso le  sample showed t h a t  complete conversion t o  phenol had occurred. 

This  r e s u l t  i s  i n  accord wi th the  f i n d i n g s  o f  Benton e t  a1 (121, and 

McOmie e t  a1 (13,141, who found t h a t  phenols were formed on cleavage o f  

a r y l  e thers by boron t r ibromide.  

benzal dehyde and benzo t r i  f l  uor ide.  

format ion o f  a c t i v e  byproducts was n o t  observed. 

No detectable exchange was recorded i n  

With the  except ion o f  an i  sole, the 
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DISCUSSION 

The t r i t i u m  labe l ing  o f  aromatic compounds i n  the presence o f  boron 

tr ibromide, as described above, appears t o  be governed by the rules o f  

e lec t roph i l i c  subst i tut ion.  Labeling i n  the ortho and para posi t ions o f  

the a l ky l -  and halobenzenes, and the lack o f  labe l ing  i n  benzaldehyde 

and benzotr i f luor ide,  a l l  ind ica te  an e lec t roph i l i c  mechanism. 

The extent o f  overal l  label ing,  as measured by % approach t o  

equi l ibr ium, i s  only an i nd i ca t i on  o f  the r e a c t i v i t i e s  o f  the various 

compounds, since the react ion appears t o  be very rapid, and up t o  20% 

var ia t ion  i n  rep l i ca te  samples has been found. 

however, t ha t  f o r  the compounds studied the r e a c t i v i t i e s  are o f  the same 

order as the comparable react ion using ethylaluminium chlor ide (3,4). 

The or ientat ions o f  isotope, i n  contrast. are qu i te  d i f f e r e n t  from those 

obtained w i th  ethylaluminium chlor ide.  Comparison o f  the two systems 

shows that,  wh i l s t  t h e i r  overa l l  r e a c t i v i t i e s  are o f  the same order, the 

t r i t i u m  d i s t r i bu t i ons  are qu i te  d i f f e ren t .  For ethylaluminium ch lo r ide  

the labe l ing  i n  the aromatic r i n g  o f  alkylbenzenes was Close t o  random 

( 2 ) .  whereas when boron t r i b m i d e  i s  used the meta cont r ibu t ion  i s  very 

small. 

The ind ica t ions  are, 

Labeling o f  halobenzenes w i th  BBr3 i s  also i n  contrast  to t h a t  w i th  

The l a t t e r  gave close t o  random exchange, whereas BBr3 showed E t A I C I Z .  

an apparent preference f o r  the para posi t ion,  w i th  no meta labe l ing  

recorded. The dependence o f  the ortho cont r ibu t ion  on the size o f  the 

halogen subst i tuent i s  f u r the r  evidence i n  favour o f  an acid mechanism, 

since t h i s  effect i s  wel l  documented i n  standard works on the subject o f  

general e lec t roph i l i c  subs t i tu t ion  reactions. 

The reason f o r  the apparent di f ference i n  the mode o f  operation o f  

the two catalysts i s  not clear. The appearance o f  strongly coloured, 

e l e c t r i c a l l y  conductive solut ions, together w i th  the apparently random 

d is t r i bu t i on  o f  isotope, indicates tha t  charge t rans fer  complexation may 

be a s ign i f i can t  aspect o f  reactions o f  aromatics w i th  E tA1C12  (2 ) .  

645 
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Solut ions o f  aromatics wi th boron t r ib romide are a lso  genera l l y  s t r o n g l y  

coloured, b u t  boron t r ibromide,  on r e a c t i o n  w i t h  water, may a c t  simply 

as a powerful e l e c t r o p h i l i c  reagent, since t r i t i u m  l a b e l i n g  o f  toluene 

can be e f f e c t e d  even when the  Bar3 has been prev ious ly  hydrolysed wi th 

tri ti ated water. 

It i s  l i k e l y  t h a t  the exchange mechanism i s  s i m i l a r  t o  t h a t  proposed 

elsewhere ( 2 )  f o r  o ther  Lewis acid-type c a t a l y t i c  systems. 

C l e a r l y  then, the technique i s  a t t r a c t i v e  f o r  compounds which would 

be expected t o  undergo e l e c t r o p h i l i c  s u b s t i t u t i o n .  Aromatics which 

conta in  h i g h l y  deac t iva t ing  groups such as -CHO (benzaldehyde) are 

d i f f i c u l t  t o  labe l  by t h i s  method. The main advantage, however, i s  t h a t  

compounds can be labe led  w i t h  t r i t i u m  by an a c i d  mechanism under m i l d  

condi ti ons , as an a1 t e r n a t i  ve t o  the  conventional e l  ec t roph i  1 i c 

t r i t i a t i o n  c a t a l y s t s  such as HTS04 (15,161, CF3COOT (17) and the complex 

a c i d  T(F3B0PO3H2) (18). a l l  o f  which r e q u i r e  much harsher cond i t ions  

wi th accompanying format ion o f  byproducts. 

The technique gives a d i s t r i b u t i o n  o f  isotope d i f f e r e n t  from t h a t  

obtained using p r e c i p i t a t e d  metals, e t h y l  a lun in ium c h l o r i d e  and o ther  

s i m i l a r  Lewis acids, and thus represents a very valuable a l t e r n a t i v e  t o  

these methods i n  cases where s p e c i f i c a l l y  e l e c t r o p h i l i c  l a b e l i n g  i s  

requi  red. 
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