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Summary 

Here, we r e p o r t  t h e  s y n t h e s i s  o f  h i g h  s p e c i f i c  activ- 
i t y  t r i t i a t e d  2-trifluoroacetamidobenzenesulfonyl f l u o r i d e  
a p o t e n t  e las tase  i n h i b i t o r .  
p r e c u r s o r  fol lowed by pal ladium o n  CaC03 c a t a l y z e d  de iod ina -  
t i o n  w i t h  deuter iwn and tritiwn g a s  a f f o r d e d  h i g h  l e v e l s  o f  
i s o t o p e  i n c o r p o r a t i o n  i n  b o t h  cases. 

P r e p a r a t i o n  o f  a r i n g  i o d i n a t e d  

Key Words: 2-trifluoroacetamidobenzenesulfonyl f l u o r i d e ,  5 -  
iodo-2-trifluoroacetamidobenzenesulfonyl f l u o r  
i d e ,  c a t a l y t i c  r e d u c t i o n ,  deuter ium, t r i t i u n .  

I n  t r o d u c  t i o n  

It is now g e n e r a l l y  ag reed  t h a t  a n  imbalance i n  t h e  e l a s t a s e - a n t i e l a s t a s e  

system i n  the l u n g  i s  r e s p o n s i b l e  f o r  t h e  d e s t r u c t i v e  parenchymal p r o c e s s  t h a t  

l e a d s  t o  pulmonary emphysema, a s i g n i f i c a n t  c a u s e  o f  d i s a b i l i t y ,  m o r b i d i t y  and 

m o r t a l i t y  in t h e  Un i t ed  S t a t e s .  

l e u k o c y t e  elastase is suspec ted  by many i n v e s t i g a t o r s  t o  b e  t h e  pr imary d e s t r u c  

t i v e  a g e n t  i n  emphysema. 

r i n e  p r o t e a s e ,  be long ing  t o  t h e  same fami ly  o f  enzymes s u c h  a s  t r y p s i n ,  chymotryp- 

sin and p o r c i n e  p a n c r e a t i c  elastase,  h a s  f a c i l i t a t e d  t h e  d e r i v a t i o n  o f  t h e  a c t i v e  

c a t a l y t i c  s i t e  o f  e l a s t a s e  and t h u s  p e r m i t t e d  a r a t i o n a l  d e s i g n  o f  s y n t h e t i c  elas- 

t ase i n h i b i t o r s .  

v i v o  s t u d i e s  have shown t h e i r  b e n e f i c i a l  e f fec t  i n  t h e  p r e v e n t i o n  of elastase in -  

1 
Among t h e  v a r i o u s  p r o t e a s e s  p r e s e n t  in man, 

The c l a s s i f i c a t i o n  o f  human l e u k o c y t e  elastase as a s e  

2 
Using o l i g o p e p t i d e  chloromethylketone elastase i n h i b i t o r ,  5 

- 
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However, i t s  t o x i c i t y  i n  an ima l  s tud-  3 9 4  
duced  emphysema i n  hams te r s  and  mice. 

i e s  p r e c l u d e s  i t s  a p p l i c a t i o n  i n  humans i n d i c a t i n g  t h e  need € O K  s c r e e n i n g  a l -  

t e r n a t i v e  a g e n t s  f o r  p o t e n t i a l  u s e  i n  man. 

5 

Su l fony l  f l u o r i d e s  i n h i b i t  s e r i n e  p r o t e a s e s  by r e a c t i n g  w i t h  t h e  ac t ive  s i t e  

s e r i n e  r e s i d u e  t o  form a s u l f o n y l  d e r i v a t i v e .  Yoshimura, e t  a l .  have  r e c e n t l y  

shown t h a t  i n t r o d u c t i o n  o f  f l u o r a c y l  g r o u p s  i n t o  a s u l f o n y l  f l u o r i d e  s t r u c t u r e  

l e a d s  t o  a se r ies  o f  p o t e n t  and  s p e c i f i c  i r r e v e r s i b l e  e l a s t a s e  i n h i b i t o r s  i n  v i t r o .  

We r e p o r t  h e r e ,  t h e  s y n t h e s i s  o f  t r i t i a t e d  2-trifluoroacetamidobenzenesulfonyl 

f l u o r i d e  f o r  t h e  per formance  o f  pha rmacok ine t i c  s t u d i e s  p r i o r  K O  t h e  a p p l i c a t i o n  

o f  t h e  compound f o r  e x t e n s i v e  t e s t i n g  i n  t h e  e l a s t a se - induced  model o f  emphysema 

i n  hams te r s .  

6 

D i s c u s s i o n  

P o t e n t i a l  s i t e s  € O K  nonexchangeable  tritium l a b e l l i n g  of 2 - t r i f l uo roace tamid-  

obenzenesu l fony l  f l u o r i d e  a r e  l i m i t e d  t o  t h e  a r o m a t i c  r i n g .  T h i s  p rocedure  f o r  

a r o m a t i c  t r i t i a t i o n  i s  normal ly  c a r r i e d  o u t  by pa l l ad ium c a t a l y z e d  r e d u c t i v e  de- 

h a l o g e n a t i o n  of  t h e  co r re spond ing  a r y l  h a l i d e  wh ich  i s  promoted by a d d i t i o n  o f  a n  

a p r o t i c  b a s e  s u c h  a s  t r i e t h y l a m i n e .  There b e i n g  some conce rn  r e g a r d i n g  p o s s i b l e  

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

f l u o r i d e  was i n i t i a l l y  mixed w i t h  a s l i g h t  e x c e s s  o f  t r i e t h y l a m i n e  i n  THF t o  as- 

sess c o m p a t i b i l i t y .  Upon immediate examina t ion  by TLC, o n l y  a much lower  Rf s p o t  

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

t i o n  o f  t h e  s u l f o n y l  f l u o r i d e  w i t h  t h e  t r i e t h y l a m i n e .  The re fo re ,  i t  became neces- 

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

l a r  base.  According t o  t h e  l i t e r a t u r e ,  aKy1 c h l o r i d e s  and  bromides  a r e  n o t  de- 

ha logena ted  i n  t h e  a b s e n c e  o f  b a s e ,  whereas  a r y l  i o d i d e s  are  deha logena ted  t o  some 

e x t e n t  i n  n e u t r a l  media. The re fo re ,  5-iodo-2-trifluoroacetamidobenzenesulfonyl 

f l u o r i d e  ( 3 )  ( F i g u r e  1) was p r e p a r e d  by i o d i n e  monochlor ide  i o d i n a t i o n  of o- 

aminobenzenesul fonyl  f l u o r i d e  (1)  fo l lowed  by N-acy la t ion  w i t h  t r i f l u o r o a c e t i c  an- 

h y d r i d e  a c c o r d i n g  t o  t h e  p rocedure  o f  Yoshimura f o r  t h e  s y n t h e s i s  o f  t h e  nonio- 

d i n a t e d  compound. Upon exposure  o f  3 t o  1.0 a t m  o f  hydrogen  g a s  i n  b o t h  THF and 

a b s o l u t e  e t h a n o l  a t  room t e m p e r a t u r e  i n  t h e  a b s e n c e  o f  b a s e ,  n o  d e i o d i n a t i o n  OC- 

7 

8 

9 
- 
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FIGURE 1 
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cu r red .  

t h e  u s e  of  a n  a p p r o p r i a t e  c a t a l y s t  o n  a b a s i c  s u p p o r t  material. 

o f  3 i n  a b s o l u t e  e t h a n o l  t o  1.0 atm o f  hydrogen g a s  a t  room t empera tu re  i n  t h e  

p re sence  o f  5% Pd on CaC03, complete  d e i o d i n a t t o n  t o  t h e  d e s i r e d  p roduc t  occur red  

as  evidenced by a lower Rf material co r re spond ing  t o  a u t h e n t i c  p roduc t  and by 'H- 

NMR. Under similar c o n d i t i o n s ,  no r e a c t i o n  occur red  i n  THF. Exposure t o  d e u t e r i -  

um gas under  s imi la r  c o n d i t t o n s  a f f o r d e d  2- t r i f luoroacetamido-[  5-2H]benzenesul- 

f o n y l  f l u o r i d e  ( 4 )  i n  45% y i e l d .  

t i o n  i n d i c a t e d  do = 9.77%, d l  = 90.04% and d4 = 0.20%. 

c a t a l y s t  caused a small d e g r e e  o f  hydrogen i n c o r p o r a t i o n  i n v o l v i n g  the p r o t i c  sol- 

v e n t .  This l a c k  o €  l a b e l  s c rambl ing  i n t o  o t h e r  p o s i t i o n s  was f u r t h e r  evidenced by 

PH-NMR (CCl4) which showed t h e  a r o m a t i c  d e u t e r i m  s i n g l e t  a t  6 7.48 r e l a t i v e  t o  

CD3CN a t  6 1.93 and no o t h e r  s i g n a l s  w e r e  e v i d e n t .  Using t h e  same c o n d i t i o n s  

w i t h  5.0 C i  o f  carrier f r e e  t r i t i m  g a s ,  40 m C i  (5 .3%) of  2 - t r i € l u o r o a c e t a m i d e  

[5-3H]benzenesulfony1 f l u o r i d e  ( 5 )  w a s  o b t a i n e d  w i t h  a s p e c i f i c  a c t i v i t y  of 10 C i /  

m m o l e  (38 mcifmg). 

s i t i o n  of t h e  h i g h  s p e c i f i c  a c t i v i t y  p roduc t  d u r i n g  r e a c t i o n  and p u r i f i c a t i o n  on  

s i l i c a  g e l .  

It is r e p o r t e d  t h a t  c a t a l y t i c  a r y l  deha logena t ion  may a l s o  b e  promoted by 
8 

Upon exposure  

N 

Mass s p e c t r a l  ev idence  of d e u t e r i u n  incorpora-  

Apparent ly ,  t h e  p a l l a d i u n  

% 

The a p p a r e n t  low y i e l d  is a t t r i b u t a b l e  t o  r a d i o l y t i c  decompe  
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Exper imen ta l  P rocedures  

A l l  chemica l s  were used  a s  o b t a i n e d  f rom t h e  manufac turer .  Me l t ing  p o i n t s  

were  o b t a i n e d  o n  a Thomas Hoover Xel tLng P o i n t  Appara tus  and  a r e  uncor rec t ed .  'H- 

NMR s p e c t r a  were  o b t a i n e d  o n  a J E O L  FX-60 60  MHz FT s p e c t r o m e t e r  u s i n g  CDCl3 (TMS) 

a s  s o l v e n t  and LH-NMR s p e c t r a  o n  a Bruker  250 NHz s p e c t r o m e t e r  u s i n g  CCl4 (CD3CN) 

a s  s o l v e n t .  U l t r a v i o l e t  s p e c t r a  were o b t a i n e d  o n  a Cary 1 5  U V  s p e c t r o m e t e r  u s i n g  

methanol  as  s o l v e n t .  R a d i o p u r i t y  was de te rmined  u s i n g  a Packard  Radioscanner  Mod- 

e l  7201. 

3255 ( i n t e r n a l  s t a n d a r d )  w i t h  S c i n t i v e r s C  ( F i s h e r )  c o u n t i n g  s o l u t i o n .  S i l i c a  g e l  

p l a t e s  (UV) were  used  f o r  TLC a n a l y s e s .  E lemen ta l  compos i t ions  o f  n o v e l  compounds 

were de te rmined  by h i g h  r e s o l u t i o n  mass s p e c t r o m e t r y  u s i n g  a n  

T r i t i u m  was coun ted  u s i n g  a Packard  L i q u i d  S c i n t i l l a t i o n  Counter ,  Model 

AEI MS-902 mass 

spec t romete r .  

5-Iodo-2-aminobenzenesulfonyl F l u o r i d e  (21 .  To a s o l u t i o n  o f  1.0 g (0.006 mol) o f  

o-aminobenzenesulfonyl f l u o r i d e  ( 1 )  i n  20  m l  of g l a c i a l  a ce t l c  a c i d  was added 0.93 

g (0.006 mol) o f  i o d i n e  monochlor ide  in 4.0 m l  o f  g l a c i a l  a c e t i c  a c i d  i n  one  

p o r t i o n .  

and  t h e  c r u d e  brown s o l i d  r e s i d u e  w a s  column chromatographed o n  s i l i c a  g e l  60 (70- 

230 mesh) (benzene)  t o  a f f o r d  1.2 g ( 7 1 % )  o f  p r o d u c t  a s  a t a n  s o l i d ;  mp = 80-81°C. 

N 

- 9  

'Ihe d a r k  s o l u t i o n  was s t i r r e d  a t  90-95OC f o r  1.0 h ,  e v a p o r a t e d  i n  vacuo 

'H-NMR (CDCl3, TMS) 6 8.00 [d (J = 2.2 Hz), l H ,  Ar-E-61, 7.63 [qAB (J = 9.0 ,  2.2 

Hz, lH, Ar-15-41, 6.58 [d (J = 9.0 Hz) ,  l H ,  Ar-E-31, 5.20 [s ,  2 H ,  -Nl&,]. 

5-Iodo-2-trifluoroacetamidobenzenesulfonyl F l u o r i d e  ( 3 1 .  

Yoshimura, 

Using t h e  p rocedure  o f  
N 

6 
1.2 g o f  2 (0.004 mol) was t r e a t e d  w i t h  5.0 ml (0.035 mol) of t r i -  

Y 

f l u o r o a c e t i c  anhydr ide  and  t h e  r e s u l t i n g  s u s p e n s i o n  s t i r r e d  f o r  1 5  min a t  room 

tempera ture .  

l i z e d  f rom water/MEOH t o  a f f o r d  0.6 g ( 3 8 % )  o f  p r o d u c t  a s  c o l o r l e s s  need le s ;  mp = 

101-103°C. 

396.8894 (C8H4F41N03S r e q u i r e s  396.8895). 

Cold water was slowly added  a n d  t h e  s o l i d  f i l t e r e d  and  r e c r y s t a l -  

'H-NMR (CDCl3, TMS) 6 9.80 [ s ,  1 H .  -Nl-], 8.28 [m, 3H, A1-531; m / e  

2-T~ifluoroacetamido-[5-~H]benzenesulfonyl F l u o r i d e  (41. A s o l u t i o n  o f  66 m g  

(0.167 mmol) of 3 i n  3.0 ml of  a b s o l u t e  e t h a n o l  w a s  s t i r r e d  o v e r n i g h t  a t  room 
N 

N 
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t empera tu re  w i t h  32 m g  O E  5 %  Pd/CaC03 unde r  1.0 a t m  of deu te r ium g a s .  

l y s t  was removed by f i l t r a t i o n  th rough  a C e l i t e  column and  t h e  f i l t r a t e  evapora t ed  

i n  vacuo. 

p l a t e s  (benzene)  t o  a € f o r d  10.4 mg (45%)  o f  p r o d u c t  as a c o l o r l e s s  s o l i d ;  mp = 85- 

86'C [ l i t .  ( u n l a h e l l e d )  mp = 85-87OCI. The Rf  f o r  t h e  i o d o  p r e c u r s o r  was 0.65 

and  0.53 €o r  t h e  p roduc t .  

9 .0  Hz), l H ,  Ar-  - H-31, 8.1 Is, IH, Ar-E-61, 7.87 Id (J  = 9.0 Hz), l H ,  Ar-g-41. 

Mass spec t rum i n d i c a t e s  do = 9.77%, d l  = 90.04%, d2 = O.OO%, d 3  = O.OO%, d4 = 

0.20% and d5 = 0.00%. 

The c a t a -  

The r e s i d u e  w a s  chromatographed o n  two 20 x 20 cm x 0.25 mm s i l i c a  g e l  

6 

'N-NMR (CDC13, TMS) fi 9.87 [ s ,  l H ,  - N l - ] ,  R.59 [d (J = 

2-Tr i f luoroace tamido-  [5-3H]benzenesulfony1 F l u o r i d e  ( 5 1 .  A s o l u t i o n  o f  29.7 mg 
N 

(0 .075  mmol) o f  3 i n  1.0 m l  o f  a b s o l u t e  e t h a n o l  was s t i r r e d  a t  room tempera tu re  

o v e r n i g h t  w i t h  23.9 mg of 5% Pd/CaC03 unde r  5.0 C i  (0.086 mmol) o f  c a r r i e r  f r ee  

tritium g a s .  

column and evapora ted .  

and  a n  a l i q u o t  d i l u t e d  and  counted  t o  a f f o r d  415  m C i  o f  c r u d e  p roduc t .  

w a s  evapora t ed  i n  vacuo and  t h e  r e s i d u e  chromatographed o n  two 20 x 20 c m  x 0.25 

mm s i l i c a  g e l  p l a t e s  (benzene)  t o  a f f o r d  40 m C i  o f  p roduc t  which was - 99% r a d i o -  

chemica l ly  p u r e  by TLC-radioscan (benzene) .  The Rf v a l u e  on t h e  PTLC and  a n a l y t -  

i c a l  TLC p l a t e s  co r re sponded  t o  a u t h e n t i c  u n l a b e l l e d  material  used  as  a r e f e r e n c e  

s t anda rd .  

s o l u t i o n  a t  6-10°C. A 15 m l  a l i q u o t  of t h f s  s t o c k  s o l u t i o n  was t a k e n  and  evapo- 

r a t e d  in vacuo and  t h e  r e s i d u e  d i s s o l v e d  i n  10 m l  of  methanol  and  q u a n t i t a t e d  by 

UV spec t roscopy  (330  nm -250 nm, E = 2083) u s i n g  u n l a b e l l e d  2 - t r i f l u o r o a c e t a m i d c ~  

benzenesu l fony l  f l u o r i d e  as a r e f e r e n c e  s t a n d a r d .  The s p e c i f i c  a c t i v i t y  o b t a i n e d  

w a s  10  C i /  mmole ( 3 8  mCi/mg). 

- 

The c a t a l y s t  was removed by f i l t r a t i o n  th rough  a Ce l i t eNa2SOq p i p e t  

The r e s i d u e  was immedia te ly  d i s s o l v e d  in 10 m l  of CH2Cl2 

The CH2Cl2 

The p u r e  p roduc t  was s t o r e d  a t  a c o n c e n t r a t l o n  o f  0.4 m C i / m l  i n  benzene 
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