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SUMMARY 

3 The syn thes i s  o f  H - l a b e l l e d  Met-enkephal in and 

Tyr-D-A1 a-Gl y-Phe-Met-NH2 (DALA) and 14C-1 a b e l l  ed 

Substance P (SP) f rom p r e v i o u s l y  descr ibed,  f u l l y  

p r o t e c t e d  i n te rmed ia tes  i s  repo r ted .  The l a b e l l e d  

pep t ides  were prepared by m e t h y l a t i o n  w i t h  ( 3 H ) -  o r  

(14C)methyl  i o d i d e  o f  t h e  su lph ide  anions formed on 

d e p r o t e c t i o n  o f  t h e  corresponding S-benzyl-homocys- 

t e i n e  p recu rso rs  with sodium i n  l i q u i d  ammonia. A f -  

t e r  p u r i f i c a t i o n  by LC, the  l a b e l l e d  pep t ides  were 

obta ined i n  rad iochemical  y i e l d s  i n  t h e  range o f  9 

t o  24 % w i t h  a rad iochemical  p u r i t y  h i g h e r  than 97%. 
The s p e c i f i c  r a d i o a c t i v i t i e s  o f  t h e  3H- and 14C-  
l a b e l l e d  products ,  corresponding t o  t h e  l a b e l l e d  

methyl  i od ides  used, were 80 mCi /pml  and 60 pCi / -  

cmol, r e s p e c t i v e l y .  

Key words: S-(methyl-  H)Tyr-Gly-Gly-Phe-Flet, S-(methyl-  H)Tyr-D- 

Ala-Gly-Phe-Met-NH2, 3H-label  l e d  Met-enkephal i n ,  14C-label  l e d  Substance 

P, 3H- and 14C- label led neuropept ides.  
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I N T R O D U C T I O N  

3 The r a d i o n u c l i d e  H has been used e x t e n s i v e l y  f o r  l a b e l l i n g  o f  pep- 

t i d e s  d u r i n g  t h e  l a s t  t h r e e  decades. Methods f u r n i s h i n g  s p e c i f i c a l l y  

l a b e l l e d  pep t ides  have been deve loped. ( ' -3 )  

hydrogenat ion  o f  o l e f i n i c  bonds or hydrogeno lys i s  o f  a romat i c  halogen 

compounds w i t h  3 H - l a b e l l e d  hydrogen gas have been u t i l i z e d ,  g i v i n g  

very  l ow  rad iochemica l  y i e l d s .  Besides, i n  some cases, t h e  r e a c t i o n s  

have been shown t o  g i v e  n o n - s p e c i f i c a l l y  l a b e l l e d  p roduc ts .  

Such methods as c a t a l y t i c  

(4 ,5)  

The neuropept ides  Met-enkephal i n  and Substance P have r e c e n t l y  been 

l a b e l l e d  w i t h  1 1 C ( 6 y 7 )  u s i n g  an approach s i m i l a r  t o  t h a t  p r e v i o u s l y  

(*")  Thus, a p p l i e d  t o  the  s y n t h e s i s  o f  S-[methyl-  C lmeth ion ine .  

meth ion ine  was s u b s t i t u t e d  w i t h  S-benzyl-homocysteine i n  t h e  p r o t e c t e d  

p recu rso r  pep t ide .  The cor respond ing  homocysteine p e p t i d e  a n i o n  was 

then genera ted  by removal o f  t h e  S-benzyl group w i t h  sodium i n  l i q u i d  

ammonia and d i r e c t l y  a l k y l a t e d  w i th  l a b e l l e d  methyl  i od ide .  

1 1  

I n  t h i s  paper, t h e  syn thes i s  o f  two 3 H - l a b e l l e d  enkepha l ins ,  Tyr- 

Gly-Gly-Phe-Met (Met-enkephal i n )  and Tyr-D-Ala-Gly-Phe-Met-NH2 (LlALA), 

us ing  ( H)methyl i o d i d e  and e s s e n t i a l l y  t h e  procedure  desc r ibed  p re -  

v i o u s l y ,  i s  repo r ted .  The s y n t h e s i s  o f  14C- labe l l ed  Substance P i s  a l s o  

descr ibed.  The l a b e l l e d  pep t ides  were ob ta ined  i n  p u r i t i e s  h i g h e r  than  

97 Z and y i e l d s  i n  t h e  range o f  9 t o  24 %. 

3 

RESULTS APlD DISCUSSION 

The p r o t e c t e d  S-benzyl-homocysteine analogue o f  Met -enkepha l in  has 

r e c e n t l y  been shown t o  be a s u i t a b l e  p r e c u r s o r  f o r  t h i s  neuropept ide .  

Using a t w o f o l d  excess o f  methy l  i o d i d e ,  t h e  u n l a b e l l e d  p e p t i d e  was 

prepared i n  h i g h  y i e l d  w i t h o u t  s i g n i f i c a n t  by-produc ts .  

has a l s o  been a p p l i e d  w i t h  success t o  t h e  syn thes i s  of  " C - l a b e l l e d  

Met -enkepha l in , (6 )  and, w i t h  o t h e r  s u i t a b l e  p recu rso rs ,  t o  t h e  syn- 

theses of  t h r e e  ' l C - l a b e l l e d  enkepha l i n  analogues. ('O) 

Th is  method 

I n  c o n t i n u a t i o n  

of  t h e  p rev ious  work, t h i s  method now has been a p p l i e d  t o  J H - l a b e l l i n g  

exper iments .  
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3 The s y n t h e s i s  o f  t h e  S- [methy l -  H ) l a b e l l e d  enkephal i n s  proceeded i n  

a h i g h  c rude y i e l d .  However, problems were encountered i n  the  p u r i f i -  

c a t i o n  s t e p  w i t h  a h i g h  l o s s  o f  r a d i o a c t i v i t y ,  presumably t o  g i v e  tri- 

t i a t e d  water ,  as proposed by S tewar t  e t  a l .  (11 )  

mized a f t e r  a p p r o p r i a t e  p recau t ions  had been taken, i .e . ,  f a s t  work-up 

o f  t he  c rude p roduc t  and s to rage  o f  t h e  p u r i f i e d  l a b e l l e d  p e p t i d e  i n  

e thano l  a t  -90 O C .  The r e p o r t e d  procedure  then  gave t h e  l a b e l l e d  Met- 

enkepha l i n  i n  24 % y i e l d  and DALA i n  10 % y i e l d .  Both  pep t ides  had a 

rad iochemica l  p u r i t y  h i g h e r  than  97  %. Chromatograms o f  t he  crude and 

and p u r i f i e d  produc ts  a re  shown i n  F i g u r e  1. 

Th i s  l o s s  was m i n i -  

The method d iscussed above has a l s o  been app l i ed ,  w i t h  minor  modi- 

f i c a t i o n s ,  t o  t h e  syn thes i s  o f  " C - l a b e l l e d  Substance 2. ( 7 )  The amino 

a c i d  sequence o f  t h i s  p e p t i d e  i nc ludes  a Lys-Pro p e p t i d e  bond. T h i s  

oond i s  known t o  be p a r t i c u l a r l y  s e n s i t i v e  t o  t h e  s o d i u m / l i q u i d  ammonia 

reagent .  ( 1 2 )  

? e p t i d e  was thus  o b t a i n e d  as a major  l a b e l l e d  by-produc t .  Besides, when 

t h i s  method was used f o r  s y n t h e s i s  o f  

u c t  t u rned  o u t  t o  be ve ry  s e n s i t i v e  t o  3H-1H exchange d u r i n g  t h e  p u r i -  

f i c a t i o n  procedures.  Even when v a r i o u s  recommended LC-cond i t ions ,  

e.g., g r a d i e n t s  o f  s o l u t i o n s  o f  0.005 % t r i f l u o r o a c e t i c  a c i d  and 0.01 % 

In t h e  l lC - labe l l  i n g  exper iments ,  t h e  C- te rmina l  o c t a -  

3 t i - l a b e l l e d  Substance P, t h e  prod- 

(11 )  
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3 
F i g u r e  1 :  Chromatograms o f  c rude ( a )  and p u r i f i e d  ( b )  S- (methy l -  H I -  

Met-enkephalin and c rude ( c )  and p u r i f i e d  ( d ) .  S-(methy l -  H)DALA 3 
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mercaptoethanol  i n  water  and methanol o r  a c e t o n i t r i l e ,  were used, such 

exchange occu r red  when t h e  LC f r a c t i o n s  were evapora ted  and d i s s o l v e d  

i n  abso lu te  e thano l .  The s o l u t i o n  o f  t h e  p u r i f i e d  p roduc t  t hus  con- 

t a i n e d  10 t o  20 % o f  t o t a l  r a d i o a c t i v i t y ,  which e l u t e d  i n  t h e  v o i d  

volume o f  t he  LC a n a l y s i s ,  most l i k e l y  cor respond ing  t o  t r i t i a t e d  

water .  

14 14 When S-(methyl-  C)Substance P was prepared us ing  ( C)methyl i o d i d e  

and t h e  sane r e a c t i o n  c o n d i t i o n s  as i n  t h e  H - l a b e l l i n g  o f  substance P, 

these by-produc ts  were n o t  formed. T h i s  i m p l i e s  t h a t  H- H exchange i s  

impor tan t  i n  t h e  3H-synthes is  and t h a t  t h e  by-products j r e  n o t  fo roed by 

p e p t i d e  degradat ion .  S ince  t h e  C- te rmina l  oc tapep t ide  i s  o f  pharnaco- 

l o g i c a l  i n t e r e s t ,  i t  was a l s o  c o l l e c t e d  d u r i n g  t h e  LC p u r i f i c a t i o n .  Ilo 

r a d i o a c t i v i t y  e l u t e d  i n  t h e  v o i d  volume o f  t h e  LC ana lyses  o f  t h e  p u r i -  

f i e d  oc ta -  and undecapept ide.  Small amounts o f  t h e  cor respond ing  l a -  

b e l l e d  su lphox ides  were de tec ted .  The 14C- labe l l ed  Substance P was ob- 

t a i n e d  i n  97 % rad iochemica l  p u r i t y  and 9 % rad iochemica l  y i e l d .  

Chromatograms of  t h e  c rude p roduc t  ( a )  and t h e  p u r i f i e d  oc ta -  ( c )  and 

undecapept ides ( b )  a r e  shown i n  F i g u r e  2.  

3 

3 1  

Rodio- 
detector 7.3 0.4 

7.3 

a b C 

F i g u r e  2. A n a l y s i s  o f  c rude p roduc t  ( a )  and p u r i f i e d  S- (methy l -  i 4  C)SP 

(b )  and SP4- , ,  ( c ) .  
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EXPERIMENTAL 

145 

- 14 General: ('H)Methyl iodide (specific activity 87 mCi/umol) and ( 

methyl iodide (specific activity 60 pCi/umol) were obtained from 

Amersham. Freparative and analytical LC of the labelled peptides was 

performed on an HP 1090 instrument equipped with a 250 x 4.6 mm T.P-18 

5 pni column and a diode-array detector in series with a Raytest-Lamona- 

LS scintillation detector. 

C)- 

OH I=\ 

6 

Scheme 1 

3 S-(methyl- H)Met-enkephalin ( I ) :  (Scheme 1 ) .  To a three-neck septum- 
equipped reaction vial, 0.8 mg of N-Z-Tyr-Gly-Gly-Phe-Hcy(Bz1 )-OBzl ( 9 )  

and 0.5 mg of sodium were added and ammonia, passed through a drying 

tower containing sodium hydroxide, was condensed to a volume of 0.5 mL. 

After addition of 10 pL (1.25 nmol) of a toluene solution contair,ing 

10 mCi/mL of ( H)methyl iodide, another septum-equipped vessel con- 

taining 5 niL of a 10 % solution of pyridine in toluene was connected 

as an outlet to the reaction vial. The drying tower was simultaneously 

removed from the reaction vial and connected to the second vessel 

(Figure 3) .  

for 30 min 

and increasing the nitrogen gas flow. Constant attention was paid to 

the flow in the pyridineltoluene solution to prevent escape of this 

solution through the drying tower. 

3 

Dry nitrogen gas was slowly bubbled through the solution 

at -50 OC. The solvents were then removed by gentle heating 
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-(-- 

Cooling 
bath 
-70OC 

10% pyridine 
( toluene I 

.. F i c ~ u r e  3. Experimental  se t -up  used i n  t h e  syntheses o f  3H- and 1 4 C -  

l a b e l l e d  pep t ides .  

The s o l i d  r e s i d u e  ob ta ined  was d i s s o l v e d  i n  300 zL IdeOH/water 

( l / l ,  v / v ) ;  220 1;L o f  t h i s  s o l u t i o n  was p u r i f i e d  i n  20 pL p o r t i o n s  on 

t h e  1090 LC-system u s i n g  s o l u t i o n s  o f  0 . 0 1  Z mercaptoethanol  and 0 . 0 0 5  

.:. t r i f l u o r o a c e t i c  a c i d  i n  water  and i n  methano l /water  ( 7 0 / 3 0 ,  v /v ,  ( A ) )  

and t h e  f o l l a w i n g  program: Time 0-9, l i n e a r  g r a d i e n t  SA 40-80; t ime  

9-11 ,  l i n e a r  g r a d i e n t  t o  ;LA 95; t ime  11-13 ,  XA 95 ;  w i t h  a f l o w  o f  2 . 0  

mL/min 

u c t  was 7 . ;  min 

was d i s s o l v e d  i n  3 mL o f  abso lu te  E t O H  w i t h  a t r a c e  o f  mercaptoethanol  

and a column tempera ture  o f  40 OC.  Re ten t i on  t ime  o f  t h e  prod-  

( F i g u r e  1 ) .  A f t e r  evapora t i on ,  t h e  p u r i f i e d  p roduc t  

and s t o r e d  a t  -90 OC under  n i t r o g e n ,  as recommended by S tewar t  e t  a l .  (1 1) 

Ana lys i s  o f  t h e  p u r i f i e d  p roduc t  was performed u s i n g  t h e  c o n d i t i o n s  

ment ioned above i n  connect ion  w i t h  t h e  p u r i f i c a t i o n .  

3 - S- ( 'Tle t hy 1 - H ) Ty r - D- A1 a -G1 y - P he-Me t -NH2 (fi ) : N- Z -Ty r- D- A1 a -G1 y- P he - 

Hcy(Bzl)-Nt;2(10) ( 1 . 0  mg) and sodium (0 .6  mg) were d i s s o l v e d  i n  l i q u i d  

ammonia (0.5 mL) and the  genera ted  su lph ide  a n i o n  was r e a c t e d  w i t h  

('H)methyl i o d i d e  ( 3 0 0  uCi ( 3 . 7 5  nmol )  i n  30 uL of t o l u e n e )  as de- 

s c r i b e d  above. The p u r i f i c a t i o n  procedures  were a l s o  t h e  same as i n  

the  s y n t h e s i s  o f  r. R e t e n t i o n  t i m e  o f  t h e  p roduc t  was 7 . 3  min. A n a l y s i s  

of t he  p u r i f i e d  p roduc t  was per fo rmed w i t h  t h e  system desc r ibed  above 

and an i s o c r a t i c  m i x t u r e  of 70 % A, w i t h  a f l o w  o f  1.85 mL/min 

( F i g u r e  1 ) .  



’Hand “C Labelled Enkephalins and Substance P 

S-(methy l -  14 CISubstance P (E) and S- (n~e thy l -~~C)Pro -G ln -G ln -Phe-Phe-  

G 1 y - Leu -Me t - N H 

H c ~ ( B z ~ ) - N H ~ ( ~ )  (4.6 mg) was depro tec ted  w i t h  sodium (2.2 mg) i n  

l i q u i d  ammonia (0.5 mL) and t h e  genera ted  s u l p h i d e  an ion  r e a c t e d  w i t h  

( C lmethy l  i o d i d e  (10  pCi (0.17 pmol)  i n  50 pL o f  to luene)  as de- 

s c r i b e d  above. The s o l i d  c rude p roduc t  o b t a i n e d  on removal o f  t h e  

s o l v e n t s  was d i s s o l v e d  i n  0.5 mL o f  a c e t i c  a c i d  (aqueous, 20 % )  and 

p u r i f i e d  i n  150 PI- p o r t i o n s  on t h e  1090 LC-system u s i n g  a g r a d i e n t  o f  

aqueous sodium d ihydrogen phosphate (0.1 M, pH 3 )  and a c e t o n i t r i l e  (B): 

t ime  0-10,  %B 17.5-35; t ime  10-12, I B  35-56; t i m e  12-14, %B 56, w i t h  a 

f l ow  o f  2 niL/inin and UV-detec t ion  a t  210 nm. Re ten t ion  t imes f o r  III 
and r e s p e c t i v e l y  ( F i g u r e  2) .  A f t e r  evapora- 

t i o n  o f  t h e  a p p r o p r i a t e  LC f r a c t i o n s ,  each p roduc t  was d i s s o l v e d  i n  

a c e t i c  a c i d  (20  %, 2.5 mL) c o n t a i n i n g  0.1 % ( v / v )  o f  mercaptoethanol  

and s t o r e d  a t  -20 OC. 

( IJ ) : N - Z - A r g - Pro - L y s - Pro - G 1 n - G 1 r? - P h e - P h e - G 1 y - Leu - 

14 

were 7.3 and 8.3 min 
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