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SYNTHESIS OF H I G H  SPECIFIC ACTIVE TRITIATED LEU-ENKEPHALIN 

I N  THE LEUCINE R E S I D U E  

S. Baba, H. Hasegawa and Y. S h i n o h a r a  

Tokyo Co l lege o f  Pharmacy, 

1432-1. Hor inouch i ,  H a c h i o j i ,  Tokyo 192-03, Japan 

SUMMARY 

Leu-enkephal in l a b e l l e d  w i t h  t r i t i u m  i n  t h e  Leu res idue  has been prepared. 
S y n t h e s i s  o f  t h e  p r e c u r s o r  p e p t i d e ,  [4,5-dehydroLeu5-]Leu-enkephal i n ,  was 
c a r r i e d  o u t  by  s o l i d  phase  s y n t h e s i s  u s i n g  Fmoc amino  a c i d  d e r i v a t i v e s .  The 
p e p t i d e  was t r i t i a t e d  c a t a l y t i c a l l y  y i e l d i n g  3H-Leu-enkephalin w i t h  a s p e c i f i c  
r a d i o a c t i v i t y  o f  4.39 TBq/mmol. The d i s t r i b u t i o n  o f  t r i t i u m  l a b e l  was 
i n v e s t i g a t e d  by reversed-phase h i g h  p e r f o r m a n c e  1 i q u i d  c h r o m a t o g r a p h y  w i t h  a 
synchron ized accumula t ing  r a d i o i s o t o p e  d e t e c t o r  f o l l o w i n g  a c i d i c  and enzymatic 
hyd ro l ys i s ,  wh ich  con f i rmed  t h a t  t h e  t r i t i u m  labe l ,  was e n t i r e l y  l o c a t e d  a t  Leu 
res idue.  

Key Words: Leu -enkepha l i n ,  s o l i d  phase s y n t h e s i s ,  [4 ,5 -dehydroLeu5- ]  - 
L e u - e n k e p h a l i n ,  [ 4 , 5 -  3 H-Leu 5 - ] L e u - e n k e p h a l i n ,  c a t a l y t i c  

t r i t i a t i o n ,  r a d i o  HPLC 

INTRODUCTION 

The l e u c i n e - e n k e p h a l i n  ( Tyr-Gly-Gly-Phe-Leu. Leu-enk ) i s  a n a t u r a l  

endogenous l i g a n d  f o r  o p i a t e  r e c e p t o r s .  I n t r a c r a n i a l  i n j e c t i o n  o f  Leu-enk 

e x h i b i t s  an  a n a l g e s i c  a c t i v i t y  (1). However,  t h e  a c t i v i t y  i s  weak and s h o r t  

l a s t i n g  p robab ly  because o f  i t s  h y d r o l y s i s  i n t o  i n a c t i v e  metabo l i tes .  The i n  

v i t r o  s t u d i e s  u s i n g  b r a i n  homogenates  and p l a s m a  have c o n f i r m e d  r a p i d  

d e g r a d a t i o n  (2). r a p i d  e n z y m a t i c  a t t a c k  i s  c l e a v a g e  o f  t h e  T y r - G l y  

a m i d e  bond, b u t  o t h e r  am ide  bonds a r e  a l s o  c l e a v e d  (3). F u r t h e r m o r e ,  t h e  i n  

v i v o  s t u d i e s  have shown t h a t  t h e  degrada t ion  o f  Leu-enk i s  ex t reme ly  r a p i d  a f t e r  

t h e  i n t r a v e n e o u s  a d m i n i s t r a t i o n  i n  r a t  (4). I n  t h e  i n  v i t r o  and i n  v i v o  
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s tud ies ,  Leu-enk l a b e l l e d  w i t h  t r i t i u m  i n  t h e  T y r  r e s i d u e  ( [3,5-3H-Tyr1-]Leu- 

e n k e p h a l i n ,  [3H-Tyr!-]Leu-enk ) was used  as t h e  s u b s t r a t e  c o u p l e d  w i t h  

chromatographic procedures. 

S. Baba, H. Hasegawa and Y. Skinohnra 

Several  i n v e s t i g a t o r s  have r e p o r t e d  t h a t  m e t a b o l i c  f ragments  o f  neuropept ides  

may a l s o  have b i o l o g i c a l  a c t i v i t i e s  (5). Recent ly,  Weinberger e t  a l .  suggested 

t h a t  [ d e s - T y r l - ] L e u - e n k  ( Gly-Gly-Phe-Leu ), t h e  m a i n  m e t a b o l i t e  o f  Leu-enk, 

p roduced  o p p o s i t e  e f f e c t  o f  t h e  p a r e n t  p e p t i d e  on shock - induced  l o c o m o t o r  

a c t i v i t y  i n  m i c e  (6). Leu-enk, a t  100 ) rg / kg  i.p., r e s u l t e d  i n  i n c r e a s e d  

locomotion, w h i l e  [des-Tyrl-]Leu-enk, a t  a dose equ i rno la r  t o  100 )rg/kg o f  Leu- 

enk, r e s u l t e d  i n  s i g n i f i c a n t l y  decreased locomotion. However, m e t a b o l i c  s tud ies  

o f  [des-Tyrl-]Leu-enk have been l i m i t e d  by t h e  l a c k  o f  a s p e c i f i c  and s e n s i t i v e  

assay. Commerc ia l l y  a v a i l a b l e  [ 3H-Tyr1-]Leu-enk cannot  be used as s u b s t r a t e  t o  

a d d r e s s  t h i s  p r o b l e m  s i n c e  3H-Tyr r e l e a s e  f r o m  [ H-Tyr - ]Leu-enk  makes i t  

imposs ib le  t o  e l u c i d a t e  t h e  f o l l o w i n g  degrada t ion  o f  Gly-Gly-Phe-Leu. The need 

arose f o r  Leu-enk l a b e l l e d  near t h e  C-terminus r a t h e r  than  t h e  N-terminus. 

3 1 

We have undertaken s t u d i e s  t o  assess t o  c h a r a c t e r i z e  t h e  m e t a b o l i c  p r o f i l e  o f  

C- te rmina l  f ragment  o f  Leu-enk. I n  t h e  p resen t  study, we desc r ibe  t h e  syn thes i s  

o f  t r i t i a t e d  Leu-enk i n  t h e  Leu residue. 

EXPERIMENTAL 

’H-NMR s p e c t r a  w e r e  d e t e r m i n e d  on a B r u c k e r  AM-400 400 MHz FT-NMR 

s p e c t r o m e t e r .  O p t i c a l  d e n s i t y  was d e t e r m i n e d  o n  a S h i m a d z u  UV-260 

spec t rophotometer  w i t h  10 mm pa th - leng th  c e l l .  The l i q u i d  s c i n t i l l a t i o n  counter  

was an A l o k a  LSC-900. Amino a c i d  a n a l y s i s  was p e r f o r m e d  on a H i t a c h i  L-8500 

Amino Ac id  Analyzer. The t w o  h i g h  performance l i q u i d  chromatograph systems were 

u s e d  a s  f o l l o w s .  A n a l y t i c a l  a n d  p r e p a r a t i v e  h i g h  p e r f o r m a n c e  l i q u i d  

chromatography ( HPLC ) o f  t h e  non- labe l l ed  compounds were per fo rmed on a Waters 

M600 m u l t i s o l v e n t  d e l i v e r y  s y s t e m  and a W a t e r s  481 lambda-max v a r i a b l e  

wavelength UV de tec to r .  For t h e  a n a l y s i s  o f  t h e  l a b e l l e d  compounds. t h e  system 

c o n s i s t e d  o f  a Sh imadzu LC-6A pump, a Sh imadzu SPD-6A v a r i a b l e  w a v e l e n g t h  UV 

d e t e c t o r ,  a Sh imadzu RF-535 f l u o r e s c e n c e  d e t e c t o r  and an A l o k a  s y n c h r o n i z e d  

accumula t ing  r a d i o i s o t o p e  d e t e c t b r  ( SARD ) (7.8) hav ing  f i v e  coun t ing  c e l l s  
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( c e l l  vo lumes:  0.5 m l  ) and f i v e  p a i r s  o f  p h o t o e l e c t r o n  m u l t i p l i e r  tubes .  

A n a l y t i c a l  HPLC was c a r r i e d  o u t  on a L iChrosorb  RP-18 column ( 5ym.  4 x 250 mm; 

E.Merck ) i n  t h e  f o l l o w i n g  s o l v e n t  s y s t e m s  ( a l l  v / v  ): ( A ) methano l -H20-  

acet o n i t r i l e - t r ifluoroacetic a c i d  ( TFA ), 50:30:20:0.05; ( B ) H20- 

a c e t o n i t r i l e - T F A ,  75:25:0.1 and ( C ) 1 0  m M  a c e t a t e  b u f f e r  ( pH 4.0 )- 

ace ton i t r i l e -me thano l ,  50:35:15. The f l o w  r a t e  was 1 ml/min. P r e p a r a t i v e  HPLC 

was c a r r i e d  o u t  on p-Bondasphere C-18 ( 5 p ,  loow, 19 x 150 mm; Waters ) i n  t h e  

s o l v e n t  system ( B ). The f l o w  r a t e  was 10 ml/min. 

9-Fluorenylmethyloxycarbonyl ( Fmoc- ) amino a c i d  d e r i v a t i v e s ,  p-benzyloxy- 

benzyl  a l c o h o l  r e s i n  ( 0.7 meq OH g-’ res in ,  p o l y s t y r e n e  w i t h  1% d iv iny lbenzene  

copolymer ) and Fmoc-Leu-p-benzyloxybenzyl e s t e r  r e s i n  ( 0.37 mmol Fmoc-Leu g- 1 

r e s i n  ) were purchased f r o m  Kokusan Chemical Works Co ( Tokyo, Japan ). Leu-enk 

was purchased f rom Pep t ide  I n s t i t u t e  ( Osaka, Japan ). [des-Leu5-]Leu-enk ( Tyr-  

Gly-Gly-Phe ) and carboxypept idase Y ( f rom Bakers Yeast ) were purchased f rom 

S igma ( S t .  L o u i s ,  MO, USA ). 

S t a b i l i t y  o f  Fmoc-4,5-dehydroLeu i n  a m i x t u r e  o f  TFA-CH2C12-dioxane 

To 1 m l  o f  a m i x t u r e  c o n t a i n i n g  TFA. CH2C12 and d i o x a n e  w e r e  added 0.5)rmol 

o f  Fmoc-4,5-dehydroLeu (9.10) and 0.5 p m o l  o f  Fmoc-Leu as an i n t e r n a l  standard. 

A f t e r  t h e  m i x t u r e  was incubated  f o r  1 h r  a t  room temperature,  an a l i q u o t  o f  t h e  

sample was sub jec ted  t o  a n a l y t i c a l  HPLC ( mob i l e  phase: A, de tec t i on :  UV 280 

nm ). 

Cleavage o f  Fmoc-Leu-p-benzyloxybenzyl e s t e r  r e s i n  w i t h  a m i x t u r e  o f  TFA-CH2C12- 

d ioxane 

Fmoc-Leu-p-benzyloxybenzyl e s t e r  r e s i n  ( 0.37 mmol Fmoc-Leu g-’ res in ,  10 mg ) 

was t r e a t e d  w i t h  a m i x t u r e  o f  TFA-CH2C12-dioxane ( 1 m l  ) f o r  1 h r  a t  room 

temperature,  f o l l o w e d  by  f i l t r a t i o n  and washing t h e  r e s i n  w i t h  methanol. The 

comb ined  f i l t r a t e s  w e r e  e v a p o r a t e d  u n d e r  n i t r o g e n  s t r e a m  t o  d ryness .  To t h e  

r e s i d u e  was added Fmoc-4.5-dehydroLeu ( 0.1 mmol ) i n  m e t h a n o l  ( 1 m l  ) as  an 

i n t e r n a l  s t a n d a r d ,  and s u b j e c t e d  t o  a n a l y t i c a l  HPLC ( m o b i l e  phase: A, 

d e t e c t i o n :  U V  280 nm ). 
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P r e p a r a t i o n  o f  Frnoc-amino a c i d  b e n z o t r i a z o l e  e s t e r  ( Fmoc-amino acid-OBT ) 

T o  a s o l u t i o n  o f  F m o c - a m i n o  a c i d  ( 3.5 mmo l  ) a n d  I - h y d r o x y b e n r o t r i a z o l e  

( 3.5 mmol  ) i n  20 m l  o f  CH2ClZ-DWF ( 5 : l  ) was  a d d e d  N . M ' - d i c y c l o h e x y l -  

c a r b o d i i m i d e  ( 3.5 mmol ) a t  0' w i t h  s t i r r i n g .  The m i x t u r e  was s t i r r e d  f o r  1 h r  

a t  0' and f o r  1 h r  a t  room t e m p e r a t u r e .  The p r e c i p i t a t e d  u r e a  was removed b y  

f i l t r a t i o n  and washed w i t h  CH2C12. The comb ined  f i l t r a t e s  w e r e  c o n c e n t r a t e d  

u n d e r  r e d u c e d  p r e s s u r e ,  r e d i s s o l v e d  i n  DMF ( 1 5  m l  ) f o l l o w e d  b y  a p p l y i n g  t o  

p e p t i d e  s y n t h e s i s .  

Fmoc-4,5-dehydroLeu-p-benzyloxybenzyl e s t e r  r e s i n  

p -Benzy loxybenzy l  a l c o h o l  r e s i n  ( 0.7 meq g-' r e s i n ,  1.0 g ) was washed w i t h  

CH2C12 ( 3 x 1 5  m l  ) a n d  D M F  ( 3 x 1 5  m l  ) i n  a r e a c t i o n  v e s s e l .  Fmoc-4,5- 

dehydroLeu-OBT ( 3.5 mmo l  ) i n  DMF ( 1 5  m l  ) a n d  4 - d i m e t h y l a m i n o p y r i d i n e  ( 0.7 

mmo l  ) i n  D Y F  ( 2 m l  ) w e r e  a d d e d  t o  t h e  r e a c t i o n  v e s s e l  a n d  t h e  m i x t u r e  was  

s t i r r e d  f o r  2 hr. A f t e r  f i l t r a t i o n ,  t h e  r e s i n  was washed w i t h  DMF ( 3 x 15 m l  ), 

CH2C12 ( 3 x 1 5  m l  ) a n d  DMF ( 3 x 1 5  m l  ). F m o c - 4 , 5 - d e h y d r o L e u  was  r e c o u p l e d  

and t h e n  t h e  e s t e r i f i e d  r e s i n  was washed w i t h  DMF ( 6 x 15 n l  ) and C H 2 C 1 2  ( 6 x 

15  m l  ), f o l l o w e d  b y  d r y i n g  i n  vacuo .  F m o c - 4 . 5 - d e h y d r o L e u - p - b e n z y l o x y b e n z y l  

e s t e r  r e s i n  ( 1 0  mg, a p p r o x i m a t e l y  ) was t r e a t e d  w i t h  50% p i p e r i d i n e  i n  CH2C12 

( 1 m l  ) f o r  3 0  m i n .  The 

o p t i c a l  d e n s i t y  a t  301 nm ( E =  7800 ) o f  t h e  comb ined  f i l t r a t e s  was measured t o  

show a s u b s t i t u t i o n  o f  0.64 mmol Fmoc-4.5-dehydroLeu gfl r e s i n .  

The  m i x t u r e  was  f i l t e r e d  a n d  w a s h e d  w i t h  C I i Z C l 2 .  

P e p t i d e  s y n t h e s i s  

S o l i d  phase s y n t h e s i s  was c a r r i e d  o u t  manua l l y .  The p r o t o c o l  was shown i n  

T a b l e  1. Fmoc d e p r o t e c t i o n  was  a c h i e v e d  b y  t r e a t m e n t  w i t h  20% p i p e r i d i n e  i n  

DMF. C o u p l i n g  r e a c t i o n s  were  c a r r i e d  o u t  w i t h  5 equ iv .  o f  Fmoc-amino acid-0FT. 

A l l  c o u p l i n g  r e a c t i o n  w e r e  m o n i t o r e d  b y  K a i s e r  t e s t  (11). 

A f t e r  t h e  r e m o v a l  o f  N - t e r m i n a l  Fmoc group, t h e  p r o t e c t e d  p e p t i d e  r e s i n  was 

d r i e d  i n  vacuo f o r  12  hr. C leavage  o f  t h e  p e p t i d e  f r o m  t h e  r e s i n  was p e r f o r m e d  

w i t h  20  m l  o f  T F A - C H 2 C l z - d i o x a n e - a n i s o l e  ( 5:4:1:1 ) f o r  1 h r  a t  r o o m  

t e m p e r a t u r e .  A f t e r  f i l t r a t i o n ,  t h e  r e s i n  was washed w i t h  methanol .  The combined 
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Tab le  1. Schedule of s o l i d  phase syn thes i s  u s i n g  Fmoc p r o t e c t i o n  

Reagent Tit'ne/repeat 

Wash 1 CH2C12 

Depro tec t i on  3 20%Piperidine/DMF 

2 DMF 

Wash 4 DMF 

5 CH2C12 

6 DMF 

7 Fmoc-amino acid-0BT Coup1 i ng 
Wash 8 DMF 

9 CH2C12 
10 DMF 

2 min  x 3 
2 min  x 3 
2 min x 1 

+ 30 min x 1 
2 min x 3 
2 min x 3 
2 min x 3 

90 min x 1 
2 min  x 3 

2 min  x 3 
2 min x 3 

So lven t  volume, 15 rnl p e r  g o f  r e s i n .  

f i l t r a t e s  were evaporated under 30'. r e d i s s o l v e d  i n  H20 and l y o p h i l i z e d .  

The c rude p roduc t  was p u r i f i e d  by p r e p a r a t i v e  HPLC ( de tec t i on :  UV 210 nm ), 

concent ra ted  and l y o p h i l  i z e d  t o  a f fo rd  t h e  p u r i f i e d  [4.5-dehydroLeu5-]Leu-enk 

( 224mg. 63.2% ). Th is  pentapept ide  gave t h e  f o l l o w i n g  amino a c i d  a n a l y s i s  a f t e r  

a c i d  h y d r o l y s i s  by  6N HC1 a t  110' f o r  22 h r :  Gly, 2.00; Tyr .  0.85: Phe, 1.00. 

C a t a l y t i c  hydrogenat ion  o f  t h e  pen tapep t ide  ( 1 mg ) i n  methanol  ( 1 m l  ) i n  

t h e  p r e s e n c e  o f  p a l l a d i u m  b l a c k  gave a p r o d u c t  w h i c h  was i d e n t i c a l  w i t h  

a u t h e n t i c  Leu-enk b y  a n a l y t i c a l  HPLC ( m o b i l e  phase: B. d e t e c t i o n :  UV 210 nm ) 

and amino a c i d  ana lys is .  

T r i t i a t i o n  and p u r i f i c a t i o n  

[4.5-OehydroLeu5-]Leu-enk ( 10 mg, 18 r m o l  ) was d i s s o l v e d  i n  methanol ( 10 

m l  ) and reduced us ing  t r i t i u m  gas ( 925 GBq ) i n  t h e  presence o f  10% p a l l a d i u m  

on c h a r c o a l  ( 1 mg ) f o r  4 h r  ( T r i t i u m  L a b e l l i n g  S e r v i c e ,  New Eng land  N u c l e a r  

Co., MA, USA ). A f t e r  f i l t r a t i o n ,  t h e  l a b i l e  t r i t i u m  was removed by success ive  

f l a s h  e v a p o r a t i o n s  i n  me thano l .  The t r i t i a t e d  p r o d u c t  was p u r i f i e d  b y  HPLC 

u s i n g  a n a l y t i c a l  c o l u m n  ( m o b i l e  phase: B. d e t e c t i o n :  U V  280 nm ), w h i c h  was 

ch romatog raph ica l l y  i d e n t i c a l  w i t h  a u t h e n t i c  Leu-enk. The s o l v e n t  was evaporated 
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t o  d r y n e s s  under  30'. The p u r i f i e d  jH-Leu-enk ( 3.6 p m o l ,  21%. 4.39 TBq/mmol ) 

was red i sso l ved  i n  methanol ( 10 m l  ). Storage o f  t h e  s o l u t i o n  a t  -20' d i d  n o t  

r e s u l t  i n  any d e t e c t a b l e  decompos i t ion  f o r  more than  t h r e e  months. 

S. Baba, H. Hasegawa and Y. Shinohara 

D i s t r i b u t i o n  o f  t r i t i u m  l a b e l  

Ac id  h y d r o l y s i s :  The 3H-Leu-enk ( 16.7 KBq ) was d i l u t e d  w i t h  non- labe l led  

Leu-enk ( 10 nmol  ) and h y d r o l y z e d  b y  6N HC1 ( 1 m l  ) a t  110 ' fo r  22 hr.  The 

s o l v e n t  was evaporated i n  vacuo, r e d i s s o l v e d  w i t h  100 p 1  o f  10 m M  b o r a t e  b u f f e r  

( pH 9.5 ) and added 2 O O p l  o f  1 m M  Fmoc-C1 i n  ace tone.  The m i x t u r e  was s t i r r e d  

a t  room tempera ture  f o r  1 min, then washed w i t h  n-pentane ( 1 m l  x 3 ) t o  remove 

excess Fmoc-C1 reagent. The aqueous phase was sub jec ted  t o  a n a l y t i c a l  HPLC 

( mob i l e  phase: C, de tec t i on :  f l uo rescence  ( e x c i t a t i o n :  260nm, emission; 313nm) 

and SARD ). 

D i g e s t i o n  w i t h  carboxypept idase Y: The 3H-Leu-enk ( 16.7 KBq ) was d i l u t e d  

w i t h  n o n - l a b e l l e d  Leu-enk ( 20 nmol  ) and i n c u b a t e d  w i t h  2OOpg o f  c a r b o x y -  

p e p t i d a s e  Y i n  H20 ( 100 p l  ) a t  25Ofo r  4 h r .  An a l i q u o t  o f  t h e  i n c u b a t i o n  

m i x t u r e  was sub jec ted  t o  a n a l y t i c a l  HPLC ( m o b i l e  phase: B. de tec t i on :  UV 210 nm 

and SARD ). Another l o p 1  o f  t h e  i n c u b a t i o n  m i x t u r e  was sub jec ted  t o  a n a l y t i c a l  

HPLC a f t e r  Fmoc d e r i v a t i z a t i o n  desc r ibed  p rev ious l y .  

RESULTS AND D I S C U S S I O N  

The s y n t h e t i c  r o u t e  o f  [3H-Leu5- ]Leu-enk  was i l l u s t r a t e d  i n  F i g .  1. [4,5- 

DehydroLeu5-]Leu-enk. t h e  p r e c u r s o r  p e p t i d e ,  was p r e p a r e d  b y  s o l  i d  phase 

syn thes i s  us ing  Fmoc-amino a c i d s  and p-benzyloxybenzyl  a l c o h o l  res in .  Fmoc-4.5- 

dehydroLeu ( 9 , l O )  was p r e p a r e d  f r o m  e t h y l  ace toaminomalonate  and 3-chloro-2- 

methylpropene. 

w i t h  a c t i v a t e d  e s t e r  method us ing  1-hydroxybenzot r iazo le  i n  t h e  presence o f  4- 

d ime thy laminopy r id ine .  The 4.5-dehydroLeu c o n t e n t  a n c h o r e d  t o  t h e  r e s i n  was 

e s t i m a t e d  a c c o r d i n g  t o  t h e  p r o c e d u r e  o f  M e i e n h o f e r  e t  a l . (12) and f o u n d  t o  be  

0.63 mmol pe r  gram o f  res in .  Each c o u p l i n g  o f  Fmoc-Phe, Fmoc-Gly, Fmoc-Gly and 

Fmoc-Tyr(OBut) was c a r r i e d  o u t  .us ing  t h e  cor respond ing  b e n z o t r i a z o l e  e s t e r  u n t i  1 

a n e g a t i v e  n i n h y d r i n  t e s t  was o b t a i n e d .  I n  a l l  cases, no  r e c o u p l i n g  was 

Attachment o f  Fmoc-4.5-dehydroLeu t o  t h e  r e s i n  was c a r r i e d  o u t  

necessary. 
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pBenzyloxybenryl alcohol resin 9 Fmoc-Tyr(0Bu' )-OBT 

Fmoc-Giy-OBT 

Fmoc-Phe-OBT 

Fmoc-4,5-dehydroLeu-OBT 

Fmoc-Gly-OBT 

Tyr(OBu')-Gly-Gly-Phe-(4,5-dehydro-)Leu-resin 

TFA-CH2C12-dioxane-8nisoie 
( 5 : 4 : 1  : 1 )  

OH 

H2N-CH-CONH-CH2-CONH-CH2-CONH- CH-CONH-CH-COOH 

OH 
I Q 

p 2  

H2N 'CH-CONH-CH2-CONH-CH2-CONH- CH-CONH-CH-COOH 

Fig. 1, Synthetic scheme of ['H-Leu5-]Leu-enkephaiin 

Since t h e  cleavage o f  a p e p t i d e  from p-benzyloxybenzyl  a l c o h o l  l i n k a g e  r e s i n  

i s  g e n e r a l l y  c a r r i e d  o u t  by  t r e a t m e n t  w i t h  TFA-scavengers ( 9:l ), t h e  p r o t e c t e d  

p e n t a p e p t i d e  r e s i n  was t r e a t e d  w i t h  T F A - d i o x a n e - a n i s o l e  ( 9 : l : l  ). The 'H-NMR 

spec t rum o f  t h e  major  p roduc t  showed t h e  s i g n a l s  o f  t h e  v i n i l l i c  p ro tons  a t  4.5- 

dehydroLeu r e s i d u e  t o  be absent. Two methy l  ' s i n g l e t '  s i g n a l s  were observed a t  

1.44 and 1.54 ppm, r e s p e c t i v e l y ,  s u g g e s t i n g  t h a t  a d d i t i o n  o f  TFA t o  t h e  d o u b l e  

bond had occu r red .  T h e r e f o r e ,  mode l  s t u d i e s  u s i n g  s i m p l e  amino  a c i d  

d e r i v a t i v e s  were per fo rmed t o  de te rm ine  t h e  optimum cleavage cond i t i ons .  The 

s t a b i  1 i t y  o f  4 ,5 -dehydroLeu i n  TFA was f i r s t  studied. Fmoc-4.5-dehydroieu was 

t r e a t e d  w i t h  25 - 100  Z TFA i n  CH2Clz f o r  1 h r ,  f o l l o w e d  b y  q u a n t i f i c a t i o n  o f  

t h e  rema in ing  Fmoc-4,5-dehydroLeu u s i n g  HPLC. The r e s u l t s  showed t h a t  Fmoc-4,5- 
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dehydroLeu was decomposed i n  p r o p o r t i o n  t o  i nc rease  o f  TFA concent ra t ion .  I n  

100, 75 and 50 % TFA, t h e  percentages of  Fmoc-4.5-dehydroLeu remained were 13, 

33 and 55 %. r espec t i ve l y .  However, Fmoc-4,5-dehydroLeu was s t a b l e  i n  37.5 o r  

l e s s  TFA. Since d ioxane i s  shown t o  i n h i b i t  t h e  a d d i t i o n  o f  TFA t o  i sobutene 

(13). t h e  e f f e c t  o f  d ioxane was a l s o  es t imated .  Fmoc-4,5-dehydroLeu was t r e a t e d  

w i t h  50 % TFA i n  t h e  presence of  10 - 25 % dioxane. I n  10, 15 and 25 X dioxane, 

t h e  p e r c e n t a g e s  o f  Fmoc-4.5-dehydroLeu r e m a i n e d  w e r e  77, 90 and  97 %, 

respec t i ve l y .  The r e s u l t s  showed t h a t  a d d i t i o n  o f  d ioxane was e f f e c t i v e  f o r  t h e  

s t a b i l i t y  o f  4,5-dehydroLeu. Second ly ,  t h e  e f f e c t s  o f  TFA and d i o x a n e  on t h e  

c l e a v a g e  o f  a p e p t i d e  f r o m  t h e  r e s i n  w e r e  i n v e s t i g a t e d  u s i n g  Fmoc-Leu-p- 

b e n z y l o x y b e n z y l  e s t e r  r e s i n .  The r e s u l t s  w e r e  shown i n  T a b l e  2. A t  l o w e r  

Tab le  2. Cleavage c o n d i t i o n  o f  Fmoc-Leu f r o m  

p-benzyloxybenzyl  a l c o h o l  r e s i n  

%Reagent 

TFA CH2C12 d ioxane 

50 50 0 
50 40 10 

50 35 15 

50 30 20 

50 25 25 
37.5 52.5 10 

37.5 47.5 15 

37.5 42..5 20 

37.5 37.5 25 

25 65 10 

25 60 15 
25 55 20 
25 50 25 

%Fmoc-Leu regenara ted  

a f t e r  1 h r  
100.0 
100.0 

89.2 

42.5 

15.7 

100.0 

53.1 

23.4 

5.5 

87.7 

16.3 

3.8 

2.6 

concen t ra t i on  o f  TFA t h e  cleavage was reduced. On t h e  o t h e r  hand, i n c r e a s i n g  t h e  

dioxane concen t ra t i on  a l s o  decreased t h e  cleavage, presumably by i n h i b i t i n g  t h e  

s w e l l i n g  o f  t h e  res in .  T h i s  r e s u l t e d  i n  a decreased a v a i l a b i l i t y  f o r  pept ide-  

resin-TFA i n t e r a c t i o n .  I n  v iew  o f  these observa t ions ,  t h e  p r o t e c t e d  pentapept ide  

r e s i n  was t r e a t e d  w i t h  TFA-CH2CI2-dioxane-anisole ( 5:4:1:1 ) t o  g i v e  a 

p r o d u c t  ( 224mg, y i e l d  63.2% ). 'H-NV1R s p e c t r u m  o f  t h e  p e p t i d e  showed a 
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' s i n g l e t '  s i g n a l  a t  1.74 ppm, & C H 3  p r o t o n s  and a ' d o u b l e t '  s i g n a l  a t  4.84 ppm, 

v i n y l i c  p r o t o n s  o f  4.5-dehydroLeu r e s i d u e .  C a t a l y t i c  h y d r o g e n a t i o n  o f  t h e  

p e p t i d e  gave a p roduc t  wh ich  was i d e n t i c a l  w i t h  a u t h e n t i c  Leu-enk by HPLC and 

amino a c i d  ana lys is .  These r e s u l t s  i n d i c a t e d  t h a t  t h e  d e s i r e d  [4.5-dehydroLeu5-] 

Leu-enk was ob ta ined  i n  a good y ie ld .  

T r i t i a t e d  Leu-enk was ob ta ined  by reduc ing  t h e  [4,5-dehydroLeu5-]Leu-enk w i t h  

t r i t i u m  gas  i n  t h e  p r e s e n c e  o f  p a l l a d i u m  on c h a r c o a l .  A f t e r  r e m o v a l  o f  t h e  

l a b i l e  t r i t i u m ,  t h e  p r e p a r a t i o n  was p u r i f i e d  b y  HPLC. The p r o d u c t  was 

rechromatographed g i v i n g  one s i n g l e  component by  UV and r a d i o a c t i v i t y  de tec t ion .  

The p r o d u c t  had a r a d i o c h e m i c a l  p u r i t y  h i g h e r  t h a n  99%. S i n c e  t h e  c a t a l y t i c  

h y d r o g e n - t r i t i u m  exchange r e a c t i o n  m i g h t  occur  i n  a romat i c  amino a c i d  res idues  

under t h e  c a t a l y t i c  r e d u c t i o n  (14). t h e  d i s t r i b u t i o n  o f  t h e  t r i t i u m  l a b e l  among 

t h e  amino a c i d  res idues  was inves t i ga ted .  HPLC a n a l y s i s  o f  t h e  Fmoc amino a c i d  

d e r i v a t i v e s  f o l l o w i n g  a c i d  h y d r o l y s i s  d e m o n s t r a t e d  t h a t  t h e  l a b e l  had been 

l o c a t e d  e x c l u s i v e l y  a t  t h e  Leu r e s i d u e ,  as  shown i n  F ig .  2. No e v i d e n c e  was 

f o u n d  f o r  n o n - s p e c i f i c  exchange l a b e l 1  i n g  i n t o  t h e  o t h e r  residues. Enzymatic 

d i g e s t i o n  a l s o  c o n f i r m e d  t h a t  o v e r  99% o f  t h e  t r i t i u m  was l o c a t e d  a t  t h e  Leu 

res idue.  

The p r o d u c t  had an  e x t r e m e l y  h i g h  s p e c i f i c  r a d i o a c t i v i t y  o f  4.39 TBq/mmol. 

I t  was demonstrated t h a t  a lmos t  f o u r  t r i t i u m s  were i nco rpo ra ted  i n t o  t h e  Leu 

r e s i d u e  i n  t h e  r e d u c t i o n  product. Hardy e t  a l .  have r e p o r t e d  (15) t h a t  c a t a l y t i c  

d e u t e r i z a t i o n  o f  N-acetyl-4,5-dehydro-DL-Leu produced N-acetyl-DL-Leu c o n t a i n i n g  

f rom one t o  seven d e u t e r i u m ,  t h e  t r i d e u t e r a t e d  spec ies  be ing  t h e  most abundant. 

They suggested t h e  occur rence of s u b s t a n t i a l  i s o t o p e  exchange th rough a me ta l  

4 hydr ide  bonded t o  t h e  propeny l  res idue  d u r i n g  s a t u r a t i o n  o f  4,5-dehydroLeu 

(16). Thus, we c o n c l u d e d  t h a t  one t o  seven t r i t i u m s ,  f o u r  t r i t i u m s  on t h e  

average, were i nco rpo ra ted  i n t o  t h e & - m e t h y l  groups and 6 -me th iny l  group o f  Leu 

r e s i d u e  i n  t h e  Leu-enk. 

The p r e s e n t  p r o c e d u r e  p r o v i d e s  a s i m p l e  me thod  f o r  t h e  s y n t h e s i s  o f  

The t r i t i a t e d  s e l e c t i v e l y  t r i t i u m  l a b e l l e d  p e p t i d e  w i t h  h i g h  s p e c i f i c  a c t i v i t y .  

Leu-enk shou ld  be u s e f u l  f o r  t h e  me tabo l i c  s t u d i e s  o f  Leu-enk. 
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Fig. 2. HPLC tracing of the Fmoc amino acid derivatives following 

acid hydrolysis of [3H-Leu5-]Leu-enkephaiin. (1) = Fmoc-Giy, 

( 2 )  = Fmoc-Tyr, (3) = Fmoc-OH, ( 4 )  = Fmoc-Phe, ( 5 )  = Fmoc-Leu. 
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