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SUMMARY 

The use of heptafluorobutyric acid (HFBA) as a solvent/ 
reagent for tritiation (or deuteration) or aromatic organic 
and organometallic compounds is described. Typically the 
substrate (0.1-1 mole) and tritium oxide (5-25 pl, 5 Ci/g) 
are dissolved in 0.3-1 ml HFBA and heated at 130-145O for 4-7 
days. Aromatic compounds bearing electron-donating substit- 
uents are tritiated much more readily than those bearing electron 
withdrawing substituents. Substrate decomposition was minimal, 
and good to excellent yields of relatively pure tritiated 
materials are obtained simply by cooling, neutralization, and 
extraction. Detailed studies of deuterium exchange in HFBA-d 
under analogous conditions are also reported. 
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INTRODUCTION 

In connection with a variety of drug metabolism studies under way in our 

laboratory, we were interested in a simple method for tritiation and/or 

deuteration of a wide variety of aromatic and organo-transition-metallic 

compounds. Of the numerous methods’ for labeling organic compounds by exchange 

procedures, the method of Garnett e. employing a Rh catalyst in acetic 

acid/water (1:l) appeared attractive. Unfortunately, many of our compounds 

were poorly soluble in this reaction medium, and only a slight improvement 

in propionic acid/water (9:l) was noted. However, during these studies 

(Table 1, expt. L-2) it was noted that the specific activity of the products 
varied in a fashion suggestive of electrophilic attack, i.e., Me0 > H > N02. 

We therefore decided to investigate the possibility of carrying out the 

desired tritium/deuterium exchange reactions directly under acidic conditions 

without metal catalysts. Heptafluorobutyric acid (HFBA) was chosen as a 

solvent/reagent system because it appeared to offer a number of advantageous 

properties including relatively high acidity, excellent solvent properties, 

a high boiling point combined with great thermal stability, ready commercial 

availability, and the presence of only a single exchangeable proton per 
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molecule. We have now c a r r i e d  out  many deuterium and tritium exchanges on a 

wide v a r i e t y  of subs t ra tes ,  and f i n d  t h a t  HFBA i s  indeed a convenient, mild 

and e f f e c t i v e  reagent  f o r  t h i s  purpose. 

RESULTS AND DISCUSSION 

Inspect ion of t h e  d a t a  i n  Table 1 i n d i c a t e s  severa l  key f e a t u r e s  of 

tritium exchange reac t ions  i n  HFBA. Thus, the  s p e c i f i c  a c t i v i t i e s  obtained 

a r e  102-10 f o l d  g r e a t e r  than those obtained i n  HOAc/H,O/RhCl 

comparable condi t ions.  Secondly, t h e  s p e c i f i c  a c t i v i t i e s  decrease a s  t h e  

s u b s t r a t e s  become less e lec t ron  r i c h ,  as expected f o r  e l e c t r o p h i l i c  exchange 

process (e .g . ,  expt. 4-81. Very good s p e c i f i c  a c t i v i t i e s  a r e  e a s i l y  obtained 

i f  the  s u b s t r a t e  has a la rge  number of exchangeable protons,  o r  i s  excep- 

t i o n a l l y  e lec t ron- r ich ,  o r  both (expt .  9,1_0). 

s o l u t i o n  under 

For work involving radiolabeled compounds it is genera l ly  important t o  

know t h e  loca t ion  of t h e  l a b e l  i n  t h e  molecule. To shed l i g h t  on t h i s  aspec t  

of our t r i t i a t i o n  reac t ions  i n  HFBA, a s  w e l l  a s  t o  gain some i n s i g h t  t o  the  

mechanism of t h e  exchange reac t ion  and t h e  f a c t o r s  which govern i t ,  a s e r i e s  

of deuterium exchange reac t ions  was c a r r i e d  out  and analyzed (Tables 2 and 3 ) .  

I n  general ,  deuterium exchange i n  HFBA-d was more f a c i l e  than i n  D,O/WAc 

containing R h C l , ,  the recoveries  of mater ia l  were usua l ly  b e t t e r ,  and the  

exchange was more s e l e c t i v e  i n  t h a t  a narrower d i s t r i b u t i o n  of deutera ted  

spec ies  w a s  produced. For example, a s  shown by t h e  mass s p e c t r a l  da ta  i n  

Tables 2 and 3 ,  a n i s o l e  incorporated 1 . 8 7  D/rnolecule i n  HFBA-d (expt. 

and only 0.79 D/Molecule i n  the  rhodium reagent  (expt .  l&) despi te  a l a r g e r  

amount of exchangeable D being present  i n  t h e  l a t t e r  case. Analysis of t h e  

two deuterated an iso les  by nmr ind ica ted  t h a t  i n  HFBA-d t h e r e  was a 17:l 

preference f o r  exchange a t  ortho/para pos i t ion  r e l a t i v e  t o  meta p o s i t i o n s ,  

whereas t h i s  r a t i o  was only 2.5: l  with t h e  rhodium reagent .  

z), 

N M e 2  

imipramine 

A s i m i l a r  comparison using imipramine led  t o  e s s e n t i a l l y  similar 

conclusions (expts .  12-g). 
HFBA-d, exchange i s  confined t o  t h e  aromatic protons.  With t h e  rhodium reagent  

N m r  and mass s p e c t r a l  s t u d i e s  ind ica ted  t h a t  i n  
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t h e  major i ty  of t h e  exchange a l s o  occurred a t  t h e  aromatic pos i t ions .  

exchange occurred i n  D,O/DOAc i n  t h e  absence of RhC1,. 

with t h e  broad d i s t r i b u t i o n  of deutera ted  spec ies  formed i n  the  presence of the 

rhodium c a t a l y s t ,  i s  i n  agreement with t h e  r o l e  of 'm-complexation by rhodium 
2 

a s  proposed by Garnet t  and coworkers. In  c o n t r a s t ,  t h e  r e l a t i v e l y  sharp 

d i s t r i b u t i o n  of deuterated imiprarnine spec ies  produces i n  HFBA-d (Table 3 ,  

expt .  is  more c o n s i s t e n t  with rap id  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  of D f o r  

H a t  t h e  four  r i n g  p o s i t i o n s  or tho  o r  para  t o  the  ni t rogen,  toge ther  with 

slower exchange a t  t h e  o ther  four aromatic protons.  This i n t e r p r e t a t i o n  i s  

a l s o  supported by nmr s tudies ;  t h e  aromatic absorpt ion of mater ia l  deuterated 

i n  HFBA-d i s  a broadened but  symmetrical s i n g l e t ,  whereas i n  undeuterated 

imiprarnine it i s  a very broad and highly skewed " s i n g l e t " .  

N o  

This r e s u l t ,  combined 

A s  wi th  t h e  t r i t i a t i o n s ,  compounds bearing only electron-withdrawing 

s u b s t i t u e n t s  exchange r e l a t i v e l y  slowly, even i n  HFBA-d. Thus, bromobenzene 

was i n e r t  i n  D,O/DOAc/RhCl,, but formed 5-10% of a d, spec ies  i n  KFBA-d 

(expts .  19 and 3). 
but c lean  deutera t ion  i n  HFBA-d (expt. 22): nmr a n a l y s i s  ind ica ted  a r ing/  

methyl peak i n t e g r a t i o n  r a t i o  of 3.31:3.00 ( 6  4.60 and 1.94 ppm, r e s p e c t i v e l y ) .  

However, e l e c t r o n  donating groups enhanced t h e  exchange r a t e s  and showed t h e  

expected d i r e c t i o n a l  e f f e c t s ,  Thus, a s  shown by nmr a n a l y s i s ,  2-bromoaniline 

was converted c l e a n l y  i n t o  [4,6-2H21-2-bromoaniline ( c f .  r e f .  3 ) .  Simi lar ly ,  

sal icylamide underwent exchange only a t  p o s i t i o n s  3 and 5. 

The organometallic TT-complex MMT a l s o  underwent slow 

I n  conclusion,  HE'BA provides  a convenient, mild and e f f e c t i v e  so lvent /  

reagent  medium f o r  t h e  exchange deutera t ion  o r  t r i t i a t i o n  of a wide v a r i e t y  

of aromatic compounds and t r a n s i t i o n  metal Ti-arene compounds. Except f o r  

s t rongly  e lec t ron-def ic ien t  compounds (e .g . ,  2-nitrobromobenzene), q u i t e  

reasonable s p e c i f i c  a c t i v i t i e s  may r e a d i l y  be obtained. A s  ind ica ted  i n  the  

following manuscript, exchange t r i t i a t i o n  of appropriate  arylamines, followed 

by appl ica t ion  of recent  advances i n  the  chemistry of aryldiazonium compounds, 

g r e a t l y  extends t h e  v e r s a t i l i t y  of t h i s  exchange method. 
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Table  3. D i s t r i b u t i o n s  o f  Deu te ra t ed  S p e c i e s  Produced b y  Exchange Reac t ions  

S u b s t r a t e  

IMIPRAMINE 

n/e 

Con t ro lb  

e x p t  12 

exp t  1 3  

expt 1 5  

~ 

ANISOLE 

m / e  

Con t ro lb  

e x p t  16  

e x p t  17 

do 

280 

75.29 

- 

3.63 

56.17 

do 

108  

92 .21  

45.88 

6.60 

- 

dl 

2 8 1  

19.65 

3.31 

15.75 

33.28 

- 

4 
109 

7.78 

39.03 

26.49 

~ 

d2 

282  - 
5.05 

8.67 

31.51 

9.94 

d2 

110 - 

12.07 

41.46 

d 3  

283 - 

24.10 

30.00 

d3  

111 - 

2.89 

23.67 

50.25 13.64 

13 .23  3.03 1 .51  1 . 3 1  

d, 

112 - 

1 .83  

1 .76  

aValues r e p o r t e d  r e p r e s e n t  t h e  ave rage  o f  a t  l ea s t  5 s c a n s  (+ 5% R S D ) .  
d e s i g n a t i o n s  d, , d,. . . d 
b u t i o n s  due to  t h e  na tu?a l  occurence  of I3C.  

bUndeutera ted  s t a n d a r d s .  

The 
a r e  nominal and have n o t  been  c o r r e c t e d  f o r  c o n t r i -  

EXPERIMENTAL SECTION 

T r i t i u m  ox ide  ( 5  Ci/g) w a s  o b t a i n e d  from N e w  England Nuclear .  Deuterium 

ox ide ,  h e p t a f l u o r o b u t y r i c  a c i d  and h e p t o f l u o r o b u t y r i c  anhydr ide  (90%) were 

o b t a i n e d  from Ald r i ch .  Mass spectra were de termined  on a Varian-MAT CHSB 

i n s t rumen t .  

a Beckman LS-3133T s c i n t i l l a t i o n  c o u n t e r  and  are r e l a t i v e  t o  an  unquenched 

tritium s tanda rd .  

S p e c i f i c  a c t i v i t i e s  o f  t r i t i a t e d  materials were de termined  u s i n g  

H e p t a f l u o r o b u t y r i c  acid-d.  H e p t a f l u o r o b u t y r i c  anhydr ide  (14.3 g ,  34.8 m o l e )  

was s t i r r e d  and coo led  wi th  d r y  i ce  and  D20 (0 .69  g ,  34.8 mole) w a s  added 

c a u t i o u s l y  by  p i p e t .  

s lowly  t o  room tempera ture .  

A f t e r  a d d i t i o n  o f  D 2 0  the m i x t u r e  w a s  allowed t o  w a r m  
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Exhange reac t ions  i n  HFBA. Small s c a l e  reac t ions  were run i n  1 3  x 100 mm 

c u l t u r e  tubes sea led  with t e f l o n  l ined  screw caps. The tubes were placed i n  

a 15 cm length of  galvanized pipe,  capped a t  both ends and vented by a small 

hole a t  t h e  top  end, and heated by immersion i n  a heat ing mantle f i l l e d  with 

sand. For workup, the  cooled reac t ion  mixture was t ransfer red  by p i p e t  i n t o  a 

separatory funnel  containing e t h e r  o r  pentane and an excess of aqueous b i c a r -  

bonate. After  severa l  such ex t rac t ions ,  t h e  combined organic  l a y e r s  were 

d r i e d  (Na,SO,) and evaporated t o  recover t h e  exchanged subs t ra te .  

cases ,  l i t t l e  o r  no p u r i f i c a t i o n  was necessary; i n  o thers ,  p repara t ive  TLC, 

sublimation, o r  acid-base e x t r a c t i o n s  were used t o  obta in  pure mater ia l s .  
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