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X 

3 The enkephalin affinity reagent / H/-Tyr-D-Ala-Gly- 
3 -Phe-Leu-CH2C1 / /  H/-DALECK/ was synthesized by fragment 

condensation. / H/-Boc-Tyr-D-Ala-Gly was prepared by cat- 

alytic tritiation of protected, iodinated tripeptide. The 

protected tritiated tripeptide and the Phe-Leu-CH2C1 dipep- 

tide were condensed by the mixed anhydride method. The p r o -  

3 

" 
tecting group was removed by HC1-methanol. The /JH/-DALECK 

had a specific activity of 34,2 Ci/mmole /1,27 TBq/mmole/. 

Key words: affinity reagent, tritium labelling, 

enkephalin chloromethyl ketone. 

INTRODUCTION 

The chloromethyl ketone derivatives of amino acids 

and peptides are suitable for  the identification of the func- 

tional groups of proteolytic enzymes /l/. Upon binding to the 

respective proteins these compounds can bind covalently 
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under  s p e c i f i c  r e a c t i o n  c o n d i t i o n s .  S i n c e  t h e  b i n d i n g  i s  

i r r e v e r s i b l e ,  t h e  i d e n t i f i c a t i o n ,  i s o l a t i o n  and c h a r a c -  

t e r i z a t i o n  of  t h e  r e c e p t o r  molecu le s  c a n  be  f a c i l i t a t e d .  

Enkepha l in  c h l o r o n e t h y l  k e t o n e  d e r i v a t i v e s  have 

been developed f o r  t h e  s t u d y  of o p i a t e  r e c e p t o r s .  These 

d e r i v a t i v e s  were a b l e  t o  b ind  i n  v i t r o  t o  t h e s e  r e c e p t o r s  

w i t h  h i g h  a f f i n i t y  / 2 , 3  , 4 , 5 / .  The i r r e v e r s i b l e  l a b e l l i n g  

o f  t h e s e  r e c e p t o r s  w a s  demons t r a t ed  by u s i n g  r a d i o l a b e l l e d  

/ H/-DALECK /6/. I n  t h i s  p a p e r  w e  d e s c r i b e  in d e t a i l  t h e  

s y n t h e s i s  o f  t h i s  r a d i o l a b e l l e d  compound. 

3 

L a b e l l i n g  o f  p e p t i d e s  wi-th t r i t i u m  c a n  u s u a l l y  be 

accomplished by r e a c t i n g  a s u i t a b l e  p r e c u r s o r  p e p t i d e  w i t h  

t r i t i u m  gas  / 7  , a / .  P e p t i d e s  c o n t a i n i n g  t y r o s i n e  r e s i d u e / s /  

are  i n i t i a l l y  i o d i n a t e d  and t h e  i o d i n e  i s  t h e n  exchanged 

w i t h  t r i t i u m  by c a t a l y t i c  d e h a l o g e n a t i o n .  T h i s  p rocedure  

w a s  t h e r e f o r e  chosen f o r  t h e  t r i t i a t i o n  of t h e  DALECK. 

The s y n t h e s i s  r o u t e  fo l lowed  i s  shown i n  F i g u r e  1. 

Fsgure 1 

Synthesis route of 3H-OALECK 

A s imi l a r  method was d e s c r i b e d  by E . L .  Newman and 

E . A .  Barnard /9/ bu t  w e  mod i f i ed  and s c a l e d  i t  down abou t  

2 0 0 - f o l d ,  The s p e c i f i c  a c t i v i t y  of  t h e i r  p r o d u c t  w a s  
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2,64 Ci/mmole / 97 ,7  GBq/mmole/ more than 10 times less 

than ours. 

MATERIALS AND METHODS 

Tritium gas /Technabexport, USSR/ was stored in the 

f o r m o f u r a n i u m t r i . t i d e . P d 0  catalyst and DC-Fertigplatten 

Kieselgel 60 thin layerchromatogrzphic /TLC/ sheets were 

from Merck. N-methylmorpholine and chloroformic acid iso- 

butylester were purchared from Aldrich. Nonradioactive 

Boc -Tyr -D-Ala-Gly -Phe -Leu -CH ?C1 and Leu -enkephalin 

methyl ketone were synthesized according to Husztin6-Sz6- 

csi et a1 / b / .  

chloro - 

Chemical concentrations of the radioactive peptides 

were determined by UV spectroscopy /Zeiss UV VIS spectro- 

photometer/, using the standard solutions of nonradioactive 

peptides as references. Radioactivity was measured in a 

Liquidfluor-Triton X-100-toluene scintillation coctail using 

a Searle Delta 300 instrument. The distribution of radio- 

activity on the TLC plates was assessed by a Packard Model 

7201 Radiochromatogram Scanner. F o r  autoradiography Medi- 

fort-RP films were used. 

The purity of the radioactive DALECK was controlled 

by HPLC /Waters apparatus , /u-Bondapack C18 coloumn, 
1 , 2  ml/min., eluent: 50 % methanol in 1 per cent trifluor- 

acetic acid. Retention time was 13 ,I min./. 

Hydrogenation and tritiation were performed in a 

glass-vacuum apparatus as described earlier / I / .  

EXPERIMENTAL 

861 

l./ Phenylalanyl-leucyl-chloromethylyketone 

The compound was synthesized according to HuszthynS-Sz6csi 
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/ 4 /  from Z-Phe-Leu-OH by f i r s t  p r e p a r i n g  t h e  r e s p e c t i v e  d i -  

-azo-ketone,  t r e a t i n g  it w i t h  d r y  H C 1  g a s  t o  y i e l d  t h e  c h l o r o -  

methyl k e t o n e  and removing t h e  p r o t e c t i n g  group by H B r -  

-acetic - ac id  

2 . /  t-Butyloxycarbonyl-tyrcsyl-D-alanyl-glycine 

Prepa red  by t h e  method of  Huszthyng-Sziksi  / 4 /  f o l l o w i n g  

t h e  s t r a t e g y  o u t l i n e d  i n  F igu re  1. 

3 . / t -Butyloxycarbonyl-3 , 5 - d i i o d o t y r c s y  1 -D-alanyl -glyc i n e  

1 g / 2 , 4 4  m o l e /  o f  Boc-Tyr-D-Ah-Gly-OH t r i p e p t i d e - a c i d  w a s  

d i s s o l v e d  i n  a 30 rnS 

t h i s  s o l u t i o n  0 , 9 1  g / 5 , 8 5  m o l e /  K I  i n  w a t e r  s o l u t i o n  was 

added.  1,2 g / 5 , 8 5  mmole/ chloramine-T i n  1 0  nl w a t e r  w a s  

added d ropwise  i n  1 0  min and t h e  s o l u t i o n  w a s  s t i r r e d  a t  

room t e m p e r a t u r e  for 1 h o u r .  Fol lowing e t h e r  e x t r a c t i o n  

and a c i d i f i c a t i o n  by ace t ic  a c i d  t o  pH 6 ,  t h e  m i x t u r e  w a s  

s t o r e d  a t  4 O C  o v e r n i g h t .  The p r e c i p i t a t e d  mater ia l  

f i l t e r e d ,  d i s s o l v e d  i n  e t h y l  ace ta te ,  washed w i t h  water and 

30 % N a C l  s o l u t i o n  and d r i e d  o v e r  Na2S04, A f t e r  d r y i n g  t h e  

r e s i d u e  w a s  r e c r y s t a l i z e d  from e t h e r .  TLC: e t h y l  a c e t a t e ,  

p y r i d i n e ,  acet ic  a c i d ,  w a t e r  120:20:6:11. R f =  0 , 5 8 .  

Y i e l d :  1,1 g / 6 8  % / .  

H20 + 2 0 n l  1 M NaHC03 m i x t u r e .  T o  

was 

3 
4 . / 

3 mg / 4 , 5 1  urnole/ of Boc-3,5-diiodo-tyrosyl-D-alanyl-glycine 

was d i s s o l v e d  i n  1 m l  o f  dimethylformamide and 1 , 3  / u l  

t r i e t h y l a m i n e  and 5,6 mg PdO c a t a l y s t  w a s  added.  The reac- 

t i o n  v e s s e l  w a s  connec ted  t o  t h e  t r i t i a t i n g  a p p a r a t u s  and 

t h e  s o l u t i o n  was f r o z e n  i n  l i q u i d  n i t r o g e n .  A f t e r  removal 

o f  a i r  from t h e  a p p a r a t u s  by vacuum, t r i t i u m  / abou t  1 5  C i  

/555 GBq// was expanded i n t o  t h e  r e a c t i o n  v e s s e l .  The s o l i d  

H - t  -Butyloxycarbonyl  - t y r o s  yl -D-alanyl-glyc i n e  

was me l t ed  and s t i r r e d  m a g n e t i c a l l y  a t  room t e m p e r a t u r e  
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for two hours. The reaction mixture was frozen again and 

unreacted tritium was absorbed ontopyrophoric uranium. After 

melting, the catalyst was filtered through a Whatman GF/C 

filter, washed with methanol and concentrated. Labile 

tritium was removed from the residue by vacuum distillation 

of 3 x 15 ml water. The radioactivity of the crude product 

was 180 mCi /6,6 GBq/. Purity was checked by thin layer 

chromatography using the solvent systems chloroform-metha- 

nol-acetic acid /00:10: 5/, pyridine-acetic acid-water- 

-ethyl acetate /6,66:2:3,66:80/, cyclohexane ethyl acetate- 

-methanol /3:1:0,5/. In all of these systems approx. 95 % of 

the radioactivity was found to chromatograph with the same 

Rf value as the standard,,nonradioactive peptide. The mono- 

iodinated precursor is the only possible contaminant. 

3 5.1 H-t-Butyloxycarbonyl-tyrosyl-D-alanyl-glycyl-phenyl- 

alanyl-leucyl-chloromethyl ketone / H-Boc-DALECKI 3 

3 90 mCi /3,33 GBq/ H-Boc-Tyr-D-Ala-Gly-OH crude product 

was dissolved in 200 /ul tetrahydrofuran /THF/. 0,62 /ul 

/5,66 ,urnole/ N-methylmorpholine and 0,76 /ul /5,66 /urnole/ 

isobutyl chloroformate was added to the solution and the 

vessel was cooled to - 15OC. 2 mg /5,76 /urnole/ HC1 * H- 

-Phe-Leu-CH2C1 was dissolved in 200 /ul THF and 0,64 /ul 

/5,76 /urnole/ N-methylmorpholine was added and cooled 

to - 15OC. This solution was mixed with the earlier pre- 
pared tripeptide solution and allowed to stand at -5OC - O°C 
for 1 1/2 hours. The composition of the crude product was 

assayed by TLC as described above. More, than 90 per cent 

of the radioactivity co-migrated with the standard, nonradio- 

active Boc-DALECK. The ethyl acetate solution of the crude 

product was chromatographed in chloroform-methanol-acetic 

acid /80 :10:5 /  on 20 x 20 cm DC-Fertigplatten Kieselgel. 



864 G.  Toth et al. 

Afte r  mechanically removing t h e  r a d i o a c t i v e  a r e a  c o r r e s -  

ponding t o  Boc-DALECK, t h e  t r i t i a t e d  product  was e x t r a c t e d  

from t h e  s i l i c a  with e t h a n o l .  T o t a l  r a d i o a c t i v i t y :  3 6 , 5  m C i  

/ 1 , 3 5  GBq/; s p e c i f i c  r a d i o a c t i v i t y :  3 4 , 7  Ci/mmole 

/I , 2 9  TBq/mmole/ . 

3 

methyl ketone / H-DALECK/ 

6 . /  H-tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-chloro- 
3 

3 6 , 5  m C i  /1 ,35 GBq/ 3H-Boc-DALECK w a s  d i s so lved  i n  0 , 2  ml 

methanol and allowed t o  r e a c t  w i th  0,8 ml 1,8 N H C 1  i n  

methanol for 45  min a t  room tempera ture .  A f t e r  concent ra -  

t i o n  i n  vacuum t h e  remaining H C 1  was removed under vacuum 

us ing  a d d i t i o n a l  / 3  x 2 m l /  methanol.  A minimal amount / 5 % /  

of p ro tec t ed  pep t ide  could be d e t e c t e d .  The r e s i d u e  was 

d i s so lved  i n  0 ,5  m l  e thano l  and p u r i f i e d  by s i l i c a  g e l  TLC 

us ing  chloroform-methanol /90:24/  a s  t h e  developing system. 

The t r l t i a t e d  product  was e x t r a c t e d  from t h e  s i l i ca  by 

4 x 2 m l  e thano l .  P u r i t y  of t h e  end product  was checked 

i n  2 TLC systems /chloroform-methanol 90:24; e t h y l  a c e t a t e -  

-pyr id ine-ace t ic  acid-H20 6 0 :  20: 6 :  11/ and by HPLC as 

descr ibed  i n  Mater ia l s  and Methods. These assays  have 

demonstrated t h e  p u r i t y  of t hese  compounds. The t o t a l  

r a d i o a c t i v i t y  w a s  2 2 , 7  m C i  /0 ,84 G B q / .  The chemical con- 

c e n t r a t i o n  / 0 , 6 7  /urnole/ was determined us ing  a s tandard  

curve  based on t h e  UV spectrum. S p e c i f i c  r a d i o a c t i v i t y :  

3 4 , 2  Ci/mmole /I ,27 TBq/mmole/. 

DISCUSSION 

3 The s y n t h e s i s  of / H/-DALECK requ i red  a number of 

modi f ica t ions  of t h e  procedure p rev ious ly  used f o r  t h e  

nonradioac t ive  analogue.  I f  t h e  i s o b u t y l  chloroformate and 

t h e  pro tec ted  tripep-ti.de were mixed a t  1:l molar r a t i o  a t  t h e  
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2 /urnole scale, the coupling took place at only 30 per cent. 

However if isobutyl chloroformate, was applied in two-fold 

molar excess the coupling was complete and the product 

proved to be homogeneous as shown by chromatography. This 

also means that the self-alkylating capacity of the excess 

chloromethyl dipeptide in negligible as compared to the 

coupling of dipeptide and tripeptide / 4 / .  

After removing the protecting group extreme care 

should be taken in storing the tritiated DALECK. Storage 

of DALECK was best accomplished in H20-alcohol 1:l. Radio- 

active samples at 1 mCi/ml /37MBq/ml/ concentration were 

stored in liquid nitrogen. After one year of storage 

/'H/-DALECK was of 9 0  % purity. Decomposition during 

storage can also be diminished by storing / H/-Boc-DALECK 

because of higher stability and the protecting group is 

removed just prior to use. 

Purification prior to the biological assays was performed 

by TLC as described above. 

3 
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