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SUMMARY 

C C K 4  ( C C K  ) is t h e  s h o r t e s t  fragment of cho lecys tok in in  which r e t a i n s  a 

high a f f i n i t y  (nanomolar r a n g e )  f o r  b r a i n  CCK r e c e p t o r s .  I n  o r d e r  t o  

de te rmine  wether CCKQ i n t e r a c t s  w i t h  b ind ing  sites d i s t i n c t  from t h o s e  o f  

CCK8, [ HICCK,, was syn thes i zed .  T h i s  pep t ide  was prepared  i n  l i q u i d  phase 

us ing  L-3(3' ,4' ,5 '  - t r i b romopheny l )a l an ine  as t h e  phenyla lan ine  p recu r so r .  

The r e d u c t i v e  t r i t i a t i o n  o f  H-Trp-Met-Asp-Phe(Br) -NH was performed us ing  

PdO a s  t h e  c a t a l y s t  t o  y i e l d  [ H]CCK4 w i t h  a s p e c i f i c  a c t i v i t y  of 35 

Ci/mmol ( 1  295 GBq/mrnol). 
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INTRODUCTION 

Cholecys tok in in ,  a pep t ide  o r i g i n a l l y  found i n  t h e  g a s t r o i n t e s t i n a l  t r a c t  

is p resen t  i n  high c o n c e n t r a t i o n s  i n  mammal.ian b r a i n s  as  i t s  C C K Q ,  u n s u l f a t e d  

CCK8 (CCK8-NS) and CCKQ forms (1 ) .  A s  shown by e x t e n s i v e  s t u d i e s ,  c e n t r a l  and 

8'  p e r i p h e r a l  CCK r e c e p t o r s  a r e  proh3bly d i f f e r e n t  biochemical e n t i t i e s  (2). CCK 

CCY8-NS and C C K 4  e x h i b i t  a f f i n i t i e s  i n  t h e  nanomolar range  f o r  b r a i n  b inding  

0362 -4803/89/040387 -08W5.00 
0 1989 by John Wiley & Sons, Ltd 

Received March 24, 1988 
Revised August 17, 1988 



388 B. Charpentier et al. 

1-TFA 

2-Boc-Trp-Met-OH ( r )  
DCC/HONSU 

s i t e s  ( 3 , 4 ) .  I n  c o n t r a s t ,  CCK8 i n t e r a c t s  w i t h  p a n c r e a t i c  b i n d i n g  s i t e s  i n  t h e  

nanomolar r a n g e  whereas  CCK -NS and C C K 4  have  a f f i n i t i e s  f o r  t h e s e  r e c e p t o r s  i n  

t h e  micromolar  r a n g e  (3 ,4 ) .  CCK4 is t h e  s h o r t e s t  fragment which r e t a i n s  a h i g h  

a f f i n i t y  f o r  b r a i n  r e c e p t o r s .  Moreover ,  i n  v a r i o u s  b i o c h e m i c a l  ( 5 ) ,  

p h a r m a c o l o g i c a l  ( 6 , 7 )  and e l e c t r o p h y s i o l o g i c a l  e x p e r i m e n t s  ( 8 ) ,  C C K b  was found 

to i n d u c e  e f f e c t s  d i s t i n c t  f rom t h o s e  o f  CCK8. An h y p o t h e s i s  which c o u l d  a c c o u n t  

for  t h e s e  f i n d i n g s  is t h a t  CCK8 a n d  CCK4 i n t e r a c t  w i t h  d i f f e r e n t  b i n d i n g  sites 

i n  t h e  c e n t r a l  n e r v o u s  sys tem.  [ HICCK,, t h e r e f o r e  a p p e a r e d  t o  be a s u i t a b l e  

1.igand f o r  c h a r a c t e r i z a t i o n  of  C C K  b i n d i n g  s i t e s  a s  w e l l  as f o r  s t u d i e s  on 

p o s s i b l e  r e c e p t o r  h e t e r o g e n e i t y .  

8 

3 

BocNH COOH TFA.NH< , CONH2 

c 6  C H  

Figure 1 .  Synthetic route for the preparation of c 3 HICCKu. 

A c c o r d i n g l y ,  we r e p o r t  i n  t h i s  paper  t h e  s y n t h e s i s  of  [3H]CCKll .  The s y n t h e s i s  

was performed i n  1 iq :J id  p h a s e  u s i n g  a f r a g m e n t  c o n d e n s a t i o n  method as 

i l . l u s t r a t ed  i n  F i g u r e  1 .  The L-3(3 ' ,4 '  ,5(-tribromophenyl)alanine ( 9 )  was used as 

t h e  p h e n y l a l a n i n e  p r e c u r s o r .  The c a t a l y t i c  t r i t i a t i o n  was perrormed on a 
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methionine  c o n t a i n i n g  pep t ide  (H-Trp-Met-Asp-Phe(Br) -NH2.TFA (1). u s i n g  PdO as 

c a t a l y s t .  The r e d u c t i v e  t r i t i a t i o n  y ie lded  [ HICCK,, w i t h  a s p e c i f i c  a c t i v i t y  o f  

35 C i / m m o l  (1295 CBq/mmol). Th i s  r e l a t i v e l y  low va lue  a s  compared t o  t h e  

t h e o r e t i c a l  one ( 8 7  Ci/mmole) is probably due t o  su lphur  poisoning  of c a t a l y s t s  

(10) d e c r e a s i n g  t h e  r a t e  of t r i t i a t e d  and caus ing  an  exchange of t r i t i u m  by 

hydrogen p r e s e n t  i n  t h e  r e a c t i o n .  

3 
3 

MATERIAL AND METHODS. 

Chemistry. 

A l l  p r o t e c t e d  amino a c i d s  were from Bachem AG (Swi t ze r l and) .  S o l v e n t s  were 

of a n a l y t i c a l  g rade  Prom Prolabo  (F rance ) .  The c a t a l y s t  PdO was s u p p l i e d  by 

Engelhard (F rance ) .  Mel t ing  p o i n t s  were de termined  on a Kof le r  appa ra tus  and a r e  

r epor t ed  uncor rec t ed .  Thin l a y e r  chromatography was c a r r i e d  o u t  on S i l i c a  g e l  

p l a t e s  wi th  a f l u o r e s c e n t  i n d i c a t o r  u s ing  t h e  fo l lowing  s o l v e n t  Systems : k : 

C H C l  /MeOH ( 9 : 1 ) ,  B : CHC13/MeOH ( 7 : 3 ) ,  C : Z-propanol/conc. aq .  ammonia ( 3 : 1 ) ,  

D : butanol/AcOH/H20 (4:l : l ) ,  E : C H C l  /AcOH/MeOH (95:5 :3) ,  F : CHCl  /MeOH/AcOH 

(80:20:5),  G : EtOAc/pyridine/AcOH/H20 (120:20:6:11 1, H : 

EtOAc/pyridine/AcOH/H20 (40:20:6:11 1. 

3 

3 3 

The p l a t e s  were developed wi th  U . V . ,  i o d i n e  vapor ,  n inhydr in  o r  E h r l i c h ' s  

r eagen t .  The p u r i t y  of t h e  pep t ides  was eva lua ted  by HPLC (Waters a p p a r a t u s )  

u s i n g  a p Bondapak C18 reverse phase column wi th  U.V. (210 nm) and/or  

r a d i o a c t i v i t y  d e t e c t i o n .  A t  each  s t e p  o f  t h e  s y n t h e s i s  t h e  s t r u c t u r e  of t h e  

compounds and t h e  l a c k  o f  s i g n i f i c a n t  r acemiza t ion  was checked by IH N M R  

spec t roscopy  (Brucker  WH 270 MHz). The FAB i o n i z a t i o n  was ob ta ined  with a FAB 

f i e l d  sou rce  ( I o n  Tech Ltd ,  Teddington, UK) opera t ed  wi th  Xenon a t  8 KV and 1 

mA. Glycero l  or cesium i o d i d e  was used f o r  c a l i b r a t i o n .  Acce le ra t ing  v o l t a g e  was 

set a t  6 kV. T r i t i u m  gas  was made by t h e  Commissariat 1 'Ene rg ie  Atomique 

(France) .  The au tomat i c  gas  t r a n s f e r  u n i t  f o r  c a t a l y t i c  t r i t i a t i o n  has been 

p rev ious ly  desc r ibed  ( 1 1 ) .  The s p e c i f i c  a c t i v i t y  was determined a f t e r  t r i t i u m  

coun t ing  and e i t h e r  by measuring t h e  weight of 'H-phenylalanine a f t e r  a c i d  

h y d r o l y s i s  o r  by comparative q u a n t i f i c a t i o n  of an HPLC chromatogramm (U.V. 
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d e t e c t i o n )  w i th  a known c o n c e n t r a t i o n  of a non l a b e l l e d  C C K 4  sample. 

'H-Scannings of TLC p l a t e s  were performed wi th  a B e r t h o l s  Scanner .  R a d i o a c t i v i t y  

C31T] was determined us ing  an  I n t e r t e c h n i q u e  l i q u i d  s c i n t i l l a t i o n  counter  S L  

3000. Pep t ide  weight de t e rmina t ion  were c a r r i e d  o u t  wi th  a LKB Biochrom 4400 

amino-acid au to -ana lyze r  a f t e r  h y d r o l y s i s  w i th  6M H C 1  a t  llO°C f o r  24 h. 

3H-der iva t ives  were p u r i f i e d  by HPLC. The fo l lowing  a b b r e v i a t i o n s  have been used 

: Boc, t e r t -bu ty loxyca rbony l  ; H-Phe(Br)3-OH, L-3(-3' , 4 '  ,5 ' - t r ib romophenyl )  

a l a n i n e  ; MeOH, methanol : E t O A c ,  e t h y l a c e t a t e  : AcOH, a c e t i c  a c i d  ; DMF, 

dimethylformamide ; DMA,  dimethylaeetami.de ; TFA, t r i f l u o r a c e t i c  a c i d  ; DCC, 

N , N '  -dicyclohexylcarbodiimide ; HONSu, N-hydroxysuccinimide ; D C U ,  N ,  

N' -d icyc lohexylurea  : ONp, pa ran i t ropheno l  ; Roc 0 , d i - t - b u t y l d i c a r b o n a t e  : R t ,  

r e t e n t i o n  time i n  HPLC ; FAB, f a s t  atom bombardment. Other a b b r e v i a t i o n s  used 

a r e  t h o s e  recommended by t h e  IUPAC-IUB commission ( 1 2 ) .  

2 

Boc-Phe(3' ,4',5' -Br3)-NH2 (1). 
To a c h i l l e d  s o l u t i o n  of Boc-Phe(3 ' ,4 ' ,5 ' -Br  )-OH ( 9 )  (480 mg, 0.96 m m o l )  

i n  DMF ( 5  ml) was added pa ran i t ropheno l  (176.2 mg, 1.15 mmol) and D C C  (217.5 mg, 

1.05 m m o l ) .  t h e  r e a c t i o n  mix tu re  was s t i r r e d  f o r  1 h a t  O°C and ove rn igh t  at 

room tempera ture .  Af t e r  f i l t r a t i o n  o f  DCU t h e  s o l v e n t s  were removed t o  g ive  0.59 

g (91 f,) of Boc-Phe(3 ' ,4 ' ,5 ' ,Br  )-ONp, as  a yellow s o l i d  : Rf ( C )  0.73, R f  ( A )  

0.70 ; mp 205-207OC. A c h i l l e d  s o l u t i o n  of t h e  above product  (0 .58  g ,  0.86 mmol) 

i n  C H 2 C 1 2  ( 2 0  m l )  was s a t u r a t e d  wi th  NH3 and t h e  r e s u l t i n g  mixture  was s t i r r e d  

f o r  1 11 a t  O ° C .  Af te r  evapora t ion  i n  vacuo, t h e  r e s i d u e  was p u r i f i e d  by 

chromatography on s i l i c a  g e l  w i th  t h e  e l u e n t  CH C 1  /MeOH ( 9 7 : 3 )  t o  g ive  0.42 g 

(87 % )  : R f  (A) 0.48 : mp 183-184°C 

3 

3 

2 2  

: FAD-MS (MH') c a l c .  501, found 501. 

Bos-Asp(0 tBu ) -Phe(Brj) -NH2 (3). 

Compound 1 (200 mg, 0.40 mrnol) was t r e a t e d  wi th  TFA ( 3  m l )  f o r  30 min a t  

O°C and 30 min a t  room tempera ture .  Af t e r  evapora t ion  i n  vacuo, t h e  o i l y  r e s i d u e  

was p r e c i p i t a t e d  wi th  d r y  e ther  t o  g i v e  190 mg (92 % )  of H-Phe 

(3 ' ,4 ' ,5 ' -Br3) -NH2.  TFA ( 2 )  : 9f ( 3 )  0.36. To a c h i l l e d  s o l u t i o n  of 5 (153 mg, 

0.29 mmol) i n  DMF ( 2  ml) c o n t a i n i n g  D I E A  (50  mi, 0 .29  mmol) was added 
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~ o c - ~ s p ( 0 t B u ) - o N p  (143  mg, 0.35 m m o l ) .  The r e a c t i o n  mixture  was s t i r r e d  f o r  1 h 

a t  O°C and f o r  5 h a t  room tempera ture .  Af t e r  evapora t ion  i n  vacuo. t h e  o i l y  

r e s i d u e  was p u r i f i e d  by chromatography on s i l i c a  g e l  wi th  t h e  e l u e n t  

C H C l  /MeOH/AcOH (9:0.5:0.3) t o  y i e l d  170 mg (87 % )  of 3 : Rf ( B )  0.60 : mp 

140-143°C ; ' H  NMR (DMSO-d6, TMS) 6 : 7.75 ( m ,  I H ,  NH-Phe), 7.66 ( 9 ,  2H, 

CH-2',6'Phe), 7.42-7.20 ( d ,  2H, CO-NH2),  7.05 ( d ,  lH, NH-Boc), 4.4 ( m ,  lH, 

CHa-Asp), 4.11 (m, 1H. CHa-Phe), 2.8 ( m ,  2H, CHB-Phe), 2.35 ( m ,  2H. CHB-Asp). 

1 . 3  ( s ,  9H, Boc). 

3 

Boc-Trp-Met-OH (4). 
To a c h i l l e d  s o l u t i o n  of Boc-Trp-Met-OCH (13)  (0.55 g ,  1.2 m m o l )  i n  MeOH 

( 5  ml) was added 1 M NaOH (1 .5  m l ) .  The s o l u t i o n  mixture  was s t i r r e d  under N2 

f o r  1 h a t  O°C and f o r  3 h a t  room tempera ture .  Af te r  evapora t ion  of t h e  

s o l v e n t ,  t h e  r e s i d u e  was d i s s o l v e d  i n  cold water and e x t r a c t e d  wi th  e t h e r .  The 

aqueous phase was a c i d i f i e d  wi th  c o l d  1 M H C 1  and e x t r a c t e d  w i t h  EtOAc. The 

o r g a n i c  l a y e r  w a s  t h e n  washed wi th  b r i n e  and d r i e d  on Na2S04 t o  y i e l d  a f t e r  

evapora t ion  O.li9 g ( 9 3  % )  of - 4 : Rf ( 6 )  0.30 ; mp 140-142OC. ' H  NMR (DMSO-d6, 

TMS) 6 : 10.7 (3, 1 H .  NH-indole), 8.06 ( d ,  l H ,  NH Met), 7.5-6.9 ( 5 H ,  A r - H  T rp ) ,  

6.64 (d ,  lH, N H  Boc),  4.31 (m, I H ,  CHcr Met),  4.16 (m, lH, CHcrTrp), 3-2.75 ( m ,  

2 H .  CHBTrp). 2.4 (m,  2H, C H Y M e t ) ,  1.95-1.8 (m ,  2H, CHBMet), 1.25 ( s ,  9H, Boc). 

3 

Boc-Trp-Met-Asp-Phe(3' , h l  ,5' -Br3)-NH2 (5).  
A s o l u t i o n  of 2 (215 mg, 0.32 mmol) in CH2C12 (1.5 m l )  and TFA (1.5 m l )  was 

s t i r r e d  f o r  1 h a t  O ° C  and f o r  1 h a t  room t empera tu re  t o  g i v e ,  a f t e r  

evapora t ion  and p r e c i p i t a t i o n  from e t h e r ,  160 mg (80 % )  of 

Asp-Phe(3' ,4 ' ,5 '-Br ) -NH2.  TFA ( 5 )  : Rf ( B )  0.21. To a s o l u t i o n  of 2 (104 rng, 

0.24 m m o l )  i n  DMF ( 2  m l )  a t  - 1 O O C  were added DCC ( 4 9  mg, 0.24 m m o l )  and HONSu 

(27.4 mg, 0.24 mmol). This  r e a c t i o n  mix tu re  was s t i r r e d  f o r  30 min  a t  -lO°C, 2 h 

a t  O ° C  and then  2 h a t  room tempera ture .  To t h e  above mixture  a t  O°C was added a 

s o l u t i o n  o f  2 (150 mg, 0.23 mmol) and E t  N (33.3 !~l, 0.24 m o l )  i n  DMF ( 2  m l ) .  

The r e s u l t i n g  mixture  was s t i r r e d  f o r  1 h a t  O ° C  and ove rn igh t  a t  room 

tempera ture .  Af t e r  evapora t ion  in vacuo. t h e  r e s i d u e  was p r e c i p i t a t e d  from E t O A c  

3 

3 
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t o  g i v e  161 mg (75%) o f  Boc-Trp-Met-Asp-Phe(3',4',5'-Br )-NH ( 6 )  : Rf (F)  0.30 3 2 -  

; mp 210-212°C ; ' H  NMR (DMSO-D6, TMS) 6 : 10.71 ( s ,  I H ,  NH i n d o l ) ,  8.21-7.95 

( m ,  3 H ,  NH-Met, -Asp, -Phe),  7.55 (s, 2H, -CH 2 ' ,  6' Phe),  7.50-6.88 (m, 7H, 

Ar-H T rp ,  CO-NH2), 6.80 ( d ,  1H. NH-Boc), 4.43 ( m ,  lH, CHa-Phe), 4.31 (m, 2H, 

CHa-Met, - A s p ) ,  4.15 ( m ,  lH, CHa-Trp), 2.93 (m,  2H, C H B - T r p ) ,  2.80 ( m ,  2H, 

CHB-Phe), 2.50 (m, 2H, CHB-Asp), 2.35-2.25 (m, 2H, CHY-Met), 1.95 (m, 3H, 

S-CH ), 1.70 ( m ,  2H, C H B - M e t ) ,  1.23 (s, 9H, Boc). 3 

H-Trp-Met-Asp-Phe(3' ,4' ,5' -Br )-NH2.TFA (1). 
A c h i l l e d  s o l u t i o n  of 5 (140  mg, 0.15 mmol) i n  C H 2 C 1 2  ( 1  ml) and 

TFA/anisole ( 1  m l /  70 111) was s t i r r e d  under N 2  for  45 min a t  O°C and 45 min  a t  

room t empera tu re  t o  g i v e  a f t e r  p r e c i p i t a t i o n  from ether-EtOAC 120 mg ( 8 5  % )  ; R f  

( H )  0.36 ; FAB-MS (MH+ c a l c .  948, found 948) .  ' H  NMR (DSMO-d6, TMS) 6 : 10.7 ( s ,  

1 H ,  NH i n d o l e ) ,  8.35-7.95 ( 3 H ,  NH,  Met, Asp, Phe),  7.55 ( s .  2H, CH-2', 6' Phe) ,  

7.50-6.88 ( A r - H T r p ,  C O - N H 2 ) ,  4.28-4.18 (m,  2H, CHa-Phe, A s p ) ,  4 (m, 2H, 

CHn-Met), 3.58 ( m ,  lH, CHa-Trp). 3.08-2.90 ( m ,  2H, CHB-Trp), 2.75-2.85 (m ,  2H, 

CHB-Phe), 2.35 ( m ,  2H, CHB-Asp). 2.20-2.05 (m, 2H, CHY-Met ) ,  1.95 ( s ,  3 H ,  SCH3), 

1.70 (m, 2H, CHB-Met). 

3 

C a t a l y t i c  hydrogenat ion  of 1 i n  a s o l v e n t  mix tu re  DMA/NH40H (1  : 1 )  i n  t h e  

presence  of PdO f o r  3 h a t  room tempera tu re  and a tmospher ic  p r e s s u r e  a f fo rded  

CCK .TFA a s  a major peak (over  80% de te rmina ted  by i n t e g r a t i o n  of HPLC 

chronatogramm, U.V. : 210 nm) c o e l u t e d  wi th  CCK4.TFA prepared  s e p a r a t e l y  

s t a r t i n g  from phenyla lan ine  amide : R f  ( H I  0.31 : HPLC ( R t  = 14.5 min ) ,  e l u e n t  

25 mM triethylammonium phosphate b u f f e r  (pH 3 ) l a c e t o n i t r i l e  (80:20),  column (250 

x 4.6 mm),  flow r a t e ,  1.5 mllmin. FAB-MS (MN') c a l c .  710.7, found 710.7. 'H NMR 

(DMSO-d6, TMS) 6 10.8 (Y, l H ,  NH i n d o l e ) ,  8.5 ( d ,  lH, N H - M e t ) ,  8.31 ( d ,  I H ,  

NH-ASP), 8.0 ( d ,  I H ,  NH Phe) 7.53-6.86 ( 1 2  H, H a romat iques ,  CONH2),  4.44 (m. 

l H ,  CHa-Asp), 4.31 (m ,  2H, CHa-Met, Phe ) ,  3.90 ( m ,  lH, CHa-Trp), 3.14-2.93 (In, 

2H, CHB-Trp), 2.77-2.97 (m.  2H, CHB-Phe), 2.59-2.38 (m, 2H, CHB-Asp), 2.34 ( m ,  

2H, CHY-Met). 1.95 ( s .  3H. SCH 1, 1.71-1.82 ( m .  2H, CHB-Met ) .  3 

4 



[ J H ]  CCK, 393 

T r i t i u m  l a b e l l i n g .  

A s o l u t i o n  of H-Trp-Met-Asp-Phe ( 3 ' , 4 ' , 5 ' - B r  )-NH2. TFA (1) (2.3 mg, 2 .4  

mmol) i n  a s o l v e n t  mixture  NH40H-DMA (0 .5  m1/0.5 m l )  was t aken  i n  a t r i t i a t i o n  

r e a c t o r  and was f rozen  ( 1 0 ) .  The c a t a l y s t  (14  mg o f  PdO) was then  d i s p e r s e d  on 

t h e  s u r f a c e  and t h e  r e a c t i o n  v i a l  was connected t o  t h e  au tomat i c  t r i t i u m  gas  

t r a n s f e r  u n i t .  Af t e r  a vacuum of 10  Torr  was r eached ,  pure  t r i t i u m  gas  (80 

c u r i e s )  was in t roduced  and compressed t o  1 bar and t h e  c a t a l y s t  was f lu shed  f o r  

15 min i n t o  t h e  f rozen  s o l u t i o n .  The r e a c t i o n  mixture  was brought t o  20° and was 

s t i r r e d  f o r  3.5 h. To t h i s  mix tu re  was then  added 6-mercaptoethanol (50 u1) and 

t h e  c a t a l y s t  was f i l t e r e d  through M i l l i p o r e  C 5 .  L a b i l e  t r i t i u m  was e l imina ted  by 

e v a p o r s t i o n  i n  a ro tovapor  with 1 % aqueous A c O H  (80 ml). T o t a l  r a d i o a c t i v i t y  

recovered  was : 71 m C i  (2.627 GBq). The pep t ide  was then  p u r i f i e d  wi th  HPLC on a 

(300 x 7.8 m m ) ,  p Bondapak C18 column wi th  E t  N-HCOOH bu f fe r  (0.025 M ) / C H  CN 

(80:20) as e l u e n t  ( f low rate  = 2.5 ml /min )  with r a d i o a c t i v i t y  and U . V .  (210 nm) 

d e t e c t i o n .  The main peak coe lu t ed  wi th  t h e  r e f e r e n c e  was c o l l e c t e d  and 

3 

-4 

3 3 

r echr  omat og ra  phed g 

(21 m C i ,  788 MBq, 

i n d i  ca t e d  t h a t  t h e  

GBq/mmol). Af t e r  se 

ving a s i n g l e  peak by both  U.V. and r a d i o a c t i v i t y  d e t e c t i o n  

y i e l d  : 30%).  Q u a n t i t a t i v e  and comparative de t e rmina t ions  

s p e c i f i c  r a d i o a c t i v i t y  was found t o  be 35 C i / m m o l  (1295 

e r a 1  month of s t o r a g e ,  i n  l i q u i d  n i t rogen  a t  a concen t r a t ion  

( C  = 5.10-5M i n  w a t e r )  i n  presence  of 6-mercaptoethanol ( c = ~ . ~ O - ~ M ) ,  t h e  

t r i t i a t e d  l i gand  was recovered  i n  a p u r i t y  over  95 I .  
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