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Summary 

T r i t i u m  l a b e l i n g  o f  the mast c e l l  degranulat ing substance P analog 

H-Arg-Pro-Lys(3,4- H-Pro)-NH-C12H25 by c a t a l y t i c  s a t u r a t i o n  o f  the 

dehydroprol ine (Dhp ) double bond i s  described. C a t a l y t i c  t r i t i a t i o n  i n  

water a f fo rded  the rad ioac t i ve  analog with a s p e c i f i c  a c t i v i t y  o f  

1.07 TBq/mmol. Tenfold enhancement of the cata lyst - to-subst rate r a t i o  

r e s u l t e d  i n  a reduced s p e c i f i c  a c t i v i t y  o f  0.74 TBq/mmol. 
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I n t r o d u c t i o n  

Searching f o r  the s t r u c t u r a l  requirements o f  substance P-induced histamine 

re lease we found t h a t  the a c t i v i t y  on r a t  p e r i t o n e a l  mast c e l l s  o f  s i x  

i nves t i ga ted  analogs increases wi th the l i p o p h i l i c i t y  o f  the C-terminal 

heptapeptides /1,2/. A p o s i t i v e l y  charged c l u s t e r  i n  connection w i t h  a 

hydrophobic domain /3/ seems t o  be s u f f i c i e n t  f o r  mast c e l l  degranulat ion 

with no i n d i c a t i o n  f o r  substance P-speci f ic  stereochemical requirements. 

This view was supported by t e s t i n g  analog V I ,  i n  which the  C-terminal 

heptapeptide o f  substance P i s  replaced by the  l i p o p h i l i c  dodecyl res idue.  

Abbreviat ions: Ac, ace ty l ;  Ohp, L-3,4-dehydroproline; OMA, dimethyl- 
acetamide; OMF, dimethylformamide; HOBt, 1-hydroxybenzotriazole; 
MA, mixed anhydride coupling; NMM, N-methylmorpholine; DNSu, N-hydroxy- 
succinimide es te r ;  TEA, t r i e thy lam ine .  
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T h i s  a n a l o g  was found t o  be much more a c t i v e  t h a n  s u b s t a n c e  P on r a t  

p e r i t o n s a l  mast  c e l l s  / 1 , 2 , 4 /  i n d i c a t i n g  t h a t  t h e  e x i s t e n c e  o f  s u b s t a n c e  

P - s p e c i f i c  mast  c e l l  r e c e p t o r s  is  u n l i k e l y .  

On-going s t u d i e s  on t h e  p e p t i d e  - mast  c e l l  i n t e r a c t i o n  r e q u i r e d  s y n t h e s i s  

o f  t h e  h i g h l y  p o t e n t  t e t r a p e p t i d e  dodecylamide  i n  its t r i t i u m  l a b e l e d  form.  

I n  t h i s  paper  we d e s c r i b e  t h e  s y n t h e s i s  o f  H-Arg-Pro-Lys-(3,4- 3 H)-Pro-NH- 

Cl2HZ5, V I ,  v i a  t h e  Ohp-conta in ing  p r e c u r s o r  V .  Ohp was shown t o  be  a 

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

c o n t a i n i n g  p e p t i d e s  /5 ,6/ .  

R e s u l t s  and d i c u s s i o n  

S y n t h e s i s  of t h e  p r e c u r s o r  p e p t i d e  V is  o u t l i n e d  i n  Scheme 1. I n t e r m e d i a t e  

I was s y n t h e s i z e d  v i a  t h e  preformed I { O B t  ester which was o b t a i n e d  by use 

o f  t h e  mixed a n h y d r i d e  p r o c e d u r e .  T h i s  p r o c e d u r e  c i r c u m v e n t s  f o r m a t i o n  

o f  ure- thane  by u n d e s i r e d  a t t a c k  a t  t h e  wrong c a r b o n y l  g r o u p  o f  t h e  mixed 

a n h y d r i d e  

s y n t h e s i z e d  by normal  mixed a n h y d r i d e  p r o t o c o l s .  I n  a d d i t i o n  l a c t a m  

f o r m a t i o n  is n e g l i g i b l e  under  t h e s e  c o n d i t i o n s  i n  c o n t r a s t  t o  t h e  

s i t u a t i o n  when 2,4-dinitro-phenyl-ester or OCC m e d i a t e d  c o u p l i n g s  / 8 /  

a r e  u s e d .  

The p r o t e c t e d  t e t r a p e p t i d e  IV was o b t a i n e d  by t h e  mixed a n h y d r i d e  c o u p l i n g  

o f  111 w i t h  11. I V  was p u r i f i e d  by chromatography on s i 1 i ; a  g e l .  

D e p r o t e c t i o n  of  I V  was accompl ished  by t r e a t m e n t  w i t h  l i q u i d  hydrogen 

2 f l u o r i d e  i n  t h e  p r e s e n c e  of a n i s o l e .  I n  model e x p e r i m e n t s  w i t h  Ac-Dhp-NH 

we d e m o n s t r a t e d  t h a t  tIF d o e s  n o t  a t t a c k  t h e  d o u b l e  bond of d e h y d r o p r o l i n e  

under  normal  c o n d i t i o n  (1 h a t  + 2 " C ) .  Moreover ,  i n v e s t i g a t i o n  of  t h e  

f i n a l  p r o d u c t  V by MS/FAB gave  no e v i d e n c e  f o r  a d d i t i o n  o f  hydrogen 

f l u o r i d e  t o  t h e  Ohp-res idue .  C a t a l y t i c  t r i t i a t i o n  of  t h e  d e h y d r o p r o l i n e -  

c o n t a i n i n g  p e p t i d e  V i n  w a t e r  a t  a molar  r a t i o  of  Pd p e r  mole o f  s u b s t r a t e  

of  0.8 g a v e  a r e a c t i o n  p r o d u c t  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  of  1070 GBq/rnmol. 

/7 / .  Ure thane  amounts  t o  a b o u t  30 % when t h e  d i p e p t i d e  is 
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Scheme 1: S y n t h e s i s  of H-Arg-Pro-Lys-DhpNH-C12H25 

I n  a c c o r d a n c e  w i t h  e a r l i e r  model d e u t e r a t i o n s  u s i n g  N-acetyl-0,L-Dhp-amide 

and 10 % Pd/A1203 / 9 /  a n  i n c r e a s e  i n  t h e  amount o f  c a t a l y s t  (mol Pd/rnol 

s u b s t r a t e  r a t i o  of  8 )  c a u s e d  a d e c r e a s e  i n  t h e  s p e c i f i c  r a d i o a c t i v i t y  

(740 GBq/mrnol), p r o b a b l y  due  to  a more pronounced c a t a l y s t - m e d i a t e d  t r a n s f e r  

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

a r e  c o m p a t i b l e  w i t h  assumpt ion  of comple te  s a t u r a t i o n  o f  t h e  d o u b l e  bond,  

t a k i n g  i n t o  a c c o u n t  a hydrogen c o n t e n t  of  10-20 % i n  t h e  commercial  t r i t i u m  

g a s  and a n  i s o t o p i c  a f f e c t  kH/kT of a b o u t  

I t  is n o t e w o r t h y ,  t h a t  t h e  t r i t i u m  i n c o r p o r a t i o n  o b t a i n e d  i n  t h e  P r o  - 

r e s i d u e  of V u s i n g  t h e  above mentioned l a b e l i n g  c o n d i t i o n s  is s i g n i f i c a n t l y  

h i g h e r ,  t h a n  t h a t  r e c e n t l y  r e p o r t e d  f o r  l a b e l i n g  of s u b s t a n c e  P and s u b s t a n c e  

P (1-7)  v i a  D h p 2 ’ 4 - d e r i v a t i v e s ,  r e a c t i o n s  which were per formed i n  e t h a n o l  

a s  a s o l v e n t  / l o / .  

S u r p r i s i n g l y  i n  a n  i n i t i a l  l a b e l i n g  e x p e r i m e n t  of  V u s i n g  a mol Pd/mol 

s u b s t r a t e  r a t i o  of 0.8 and DMA a s  s o l v e n t  a v e r y  low i n c o r p o r a t i o n  o f  

1 0  / 9 / .  

4 



1404 M. Bienert er al. 

t r i t i u m  (37 GBq/mol) was observed, probably due t o  incomplete sa tu ra t i on  

o f  the double bond. This r e s u l t ,  when considered i n  connection w i t h  model 

experiments /9/ ,  p o i n t s  t o  the requirement f o r  higher ca ta l ys t / subs t ra te  

r a t i o s  when the t r i t i a t i o n  i s  c a r r i e d  out  i n  DMA i ns tead  o f  water. 

Experimental 

Ma te r ia l s  and methods 

TLC was e f fec ted  with S i l i c a  Gel 60 on precoated g lass p l a t e s  from Merck 

using as mobile phases the  f o l l o w i n g  so lvent  systems: (1) e t h y l  acetate/ 

py r id ine /ace t i c  acid/water= 120: 20: 6: 11, (2) 60: 20: 6: 11, ( 3 )  240: 20: 6 :  11, 

( 4 )  30:20:6:11; ( 5 )  chloroform/ethanol= 8:2; (6) n-butanol/pyridine/acetic 

acid/water= 10.5:6:1:7.5, (7 )  n -hexande thy l  acetate= 1:l. Detect ion o f  

TLC spots fo l lowed v i s u a l i z a t i o n  by n i n h y d r i n  or C12/benzidine. 

A n a l y t i c a l  HPLC charac te r i za t i on  was c a r r i e d  ou t  us ing a Shimadzu LC-6A 

system on Nuc leos i l  C-18, 7 pm, column dimensions 2 5 0 ~ 4 . 0  mm us ing the 

f o l l o w i n g  mobile phases : (1) A c e t o n i t r i l e  33 %, 0.01 M NaH2P04+0.15 M NaC104 

pH 2.0 67 %; (2) l i n e a r  gradient  o f  A,  10 % a c e t o n i t r i l e / 9 0  % 0.05 % TFA i n  

water, and 8 ,  90 % a c e t o n i t r i l e / l O  % 0.05 % TFA i n  water. E lect rophores is  

was c a r r i e d  out  on paper type FN 7 (VEB Pap ie r fab r i k  Niederschlag, GOR) 

a t  25 V/cm i n  0.01 M ammonium acetate pH 7.4. 

T r i t i u m  gas ( t r i t i u m  content 80-90 %) was purchased from Techsnabexport (USSR) 

and stored i n  the form o f  uranium t r i t i d e .  

MS/FA8 ana lys i s  was c a r r i e d  ou t  on a ZABEQ spectrometer (VG A n a l y t i c a l ,  

Manchester) w i t h  xenon a t  8 kV as the  bombarding gas. Fluorescence measure- 

ments were performed wi th a specol-spectrometer (VEB C a r l  Zeiss, Jena, G O R )  

equipped with a f luorescence a d d i t i v e .  

Boc-Dhp and N-acetyl-Dhp-NH2 were obtained according t o  r e f .  /11/ and /9/, 

respec t i ve l y .  The synthes is  o f  Z-Arg(N02)-Pro-Lys(Z)-Pro-OH /12/ was 

accomplished as e a r l i e r  described /13/. 
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Peptide synthes is  

H-Dhp-NH-C12H25'HC1 ( I )  

213 mg o f  Boc-L-Dhp (1 mmol) i n  5 m l  of THF were t r e a t e d  a t  -5 "C with 0.112 m l  

NMM and 0.136 m l  isobuty lch loroformate and a f t e r  s t i r r i n g  f o r  5 min a s o l u t i o n  

o f  dodecylamine (200 rng, 1.07 mmol) was added. The s o l u t i o n  was s t i r r e d  a t  

0 "C f o r  30 min. A f t e r  the normal work-up procedure 405 mg o f  a c o l o r l e s s  o i l  

was obtained, Rf(3)=0.9. The crude m a t e r i a l  was deprotected by treatment with 

10 m l  of 4N HCl /ethy l  acetate f o r  20 min a t  room temperature. The s o l u t i o n  

was concentrated i n  vacuo and the  remaining s o l i d  was r e c r y s t a l l i z e d  from 

dioxane. Y i e l d  245 mg (77 %I,  Rf(4)=0.3, mp 82-85 "C, IsIio= -148.9 ' 

(c= 0.5, methanol), Analysis ca lcd f o r  C17HJ2N20'HC1, C 64,43, H 10.50, 

N 8.84; Found C 64.13, H 10.54, N 8.64. 

MS/FAB 281.3 (MN'), ca lcd.  f o r  C17HJ2N20 280.3. 

H-Lys( Z)-Dhp-NH-Cl2HZ5'HC1 (111) 

358 mg o f  Boc-Lys(Z)-ONsu (0.75 mmol) were added t o  a s o l u t i o n  of 220 mg 

(0.69 mmol) of I and 100 p1 TEA i n  5 m l  DMF. The s o l u t i o n  was s t i r r e d  f o r  20 h. 

Af ter  normal work-up procedure the crude m a t e r i a l  was p u r i f i e d  on s i l i c a  g e l  

60 (40-63 p). E l u t i o n  with n-hexane/ethyl acetate 2:1, 1:l and 1 : 2  gave 

300 rng (68 %) pure 8oc-Lys(Z)-Ohp-NH-C12H25 as a co lou r less  r e s i n ,  Rf(7)=0.25. 

The N -deprotect ion was accomplished by treatment with 4N HCl /ethy l  acetate 

f o r  45 min, evaporation of the reagent and p r e c i p i t a t i o n  o f  t he  hydrochlor ide 

VII, dissolved i n  e t h y l  acetate, by a d d i t i o n  o f  n-hexane. Y i e l d  252 rng 

co lou r less  r e s i n ,  Rf(l)=0.3. 

Z-Arg(N02)-Pro-OH (11) 

To a s o l u t i o n  of 13.64 g o f  Z-Arg(N02) (38.6 mmol) i n  120 m l  o f  OMF 5.35 m l  

o f  TEA (38.6 mmol) were added. A t  -15 "C  i s o b u t y l  chloroformate (38 mmol )  

was added within 3 min under vigorous s t i r r i n g .  Subsequently, 5.74 g o f  

HOBt (42.5 mmol ) ,  d isso lved i n  6 m l  o f  DMF, were added and s t i r r i n g  was 

continued a t  -5 "C. A f t e r  1 h a s o l u t i o n  o f  6.22 g (54 mmol) L -p ro l i ne  i n  

70 m l  o f  DMF/water 6 : l  was added and the  temperature was kept  a t  0 "C f o r  
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2 h. The s o l v e n t  was removed i n  vacuo, t h e  r e s i d u e  was d i s s o l v e d  i n  100 m l  

CH2C12 and t h e  s o l u t i o n  was subsequent ly  washed with 5 % aqueous KHS04 

s o l u t i o n  and s a t u r a t e d  NaC1-solution. The o rgan ic  l a y e r  was d r i e d  with 

MgS04. F i l t r a t i o n  and evapora t ion  of t h e  s o l v e n t  gave a r e s i n  which 

c r y s t a l l i z e d  when t r i t u r a t e d  with methanol. The product  was r e c r y s t a l l i z i d  

from 100 m l  of methanol/water 1:l. Yield 12.3 g (70  %), Rf (1) 0.3, 

hp lc  (1) tR 5.6 min (97  %), mp 107-111 'C, 1 oC1io= -27.8 ' ( c =  1, DMF) 

( r e f .  /14/ :  mp 119 "C, I d I z 2 =  -26.5 O ( c=2 ,  OMF) 

Analysis  c a l c d  f o r  C19H2607N6'l H20 (468.4) 

0 

C 48.71, H 6.02, N 17.94, 

Found : C 48.85, H 6.15, N 17.65 

H-Arg-Pro-Lys-Ohp-NH-Cl2HZ5 (V) 

124 mg of  I1 (0.43 mmol )  and 250 mg of I11 (0.43 mmol) were converted i n t o  

t h e  p ro tec t ed  t e t r a p e p t i d e  IV v i a  t h e  mixed anhydride procedure and p u r i f i e d  

by chromatography on s i l i c a  ge l  60 (40-63 p )  i n  t h e  s o l v e n t  system CHCl3/ 

e thano l  15:1, y i e l d i n g  302 mg of a wh i t e  powder, homogeneous i n  t l c ,  Rf  (5 )  

0.6.  280 mg of VIII were depro tec t ed  by t r ea tmen t  with 5 m l  of l i q u i d  

hydrogen f l u o r i d e  i n  t h e  presence of 0.25 n i l  of a n i s o l e  f o r  60 min a t  2 " C .  

The hydrogen f l u o r i d e  was evaporated and t h e  r e s i d u e  t r i t u r a t e d w i t h  e t h e r .  

The product  was i s o l a t e d  by r a p i d  f i l t r a t i o n  as a wh i t e ,  hygroscopic 

powder which was d i s so lved  i n  20 m l  of d i s t i l l e d  water .  The f i l t e r e d  

s o l u t i o n  was shown t o  be f r e e  of Arg(N02) and/or scavanger  compounds by 

uv measurements. Lyoph i l i za t ion  gave 165 mg of  a wh i t e ,  f l u f f y  powder 

which was used f o r  tritium l a b e l i n g  experiments  without  f u r t h e r  p u r i f i -  

c a t i o n .  R f  ( 6 )  0.2, hp lc  (2 )  tR= 20.3 min (94  %) (no s e p a r a t i o n  of V and 

VI in  t h i s  system -154.7 ( c =  0.5, 5 % a c e t i c  a c i d )  

MS/FAB: 662.6 (MH +), Calculated f o r  C34H62N904, 661.5 (MI. 

H-Arg-Pro-Lys-Pro-NH-Cl2HZ5 (VI) 

203 mg of Z-Arg(N02)-Pro-Lys(Z)-Pro-OH /13/ (0.25 mmol )  i n  5 m l  of DMF 

were a c t i v a t e d  a t  -10 "C by a d d i t i o n  of 30 p1 of NMM and 38 p l  of iso-  
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b u t y l  chloroformate and converted i n t o  t h e  amide by a d d i t i o n  of a s o l u t i o n  

of 56 mg of dodecylamine hydrochlor ide and 30 p l  of NMM i n  6 rnl of DMF. 

Af t e r  t h e  normal work-up procedure t h e  crude m a t e r i a l  was chromatographed 

on a 2 x 50 cm s i l i c a  g e l  (40-63 p )  column y i e l d i n g  161 rng (66 %) of t h e  

p r o t e c t e d  t e t r a p e p t i d e  amide, Rf  (5). 0.75. 

The depro tec t ion  was achieved by hydrogenation i n  t h e  presence of 100 mg 

of 10 % palladium on cha rcoa l  i n  methanol /acet ic  acid/water  3:2:1 f o r  

4 h.  The completness of t h e  r e a c t i o n  was mini tored by uv measurements a t  

280 nm. The c a t a l y s t  was removed by f i l t r a t i o n ,  t h e  f i l t r a t e  evaporated 

t o  dryness  and t h e  r e s i d u e  d i s so lved  i n  2 m l  of 0.01 M ammonium a c e t a t e  

b u f f e r  pH 6.0.  The f i n a l  p u r i f i c a t i o n  was performed by chromatography on 

CM-cellulose (2x17 cm column, l i n e a r  g r a d i e n t  of 200 m l  0.01 M ammonium 

a c e t a t e  pH 6.0 and 200 m l  0.5 M anmonium a c e t a t e  pH 6.0.  F r a c t i o n s  

con ta in ing  pure V were c o l l e c t e d ,  d i l u t e d  with water and l y o p h i l i z e d  

( 3  times) y i e l d i n g  84 mg V a s  a white ,  hygroscopic powder, Rf  ( 6 )  0 . 2 ,  

hp lc  (2 )  tR = 21.3 min (95 %), \oLlig= -78.0 O ( c=  0.5,  5 % a c e t i c  a c i d ) ,  

MS/FAB: 664.6 (MH+), Calcd. 663.5 (M). 

Tritium l a b e l i n g  

Precursor  V and t h e  Pd/Al2O3 10 % - c a t a l y s t  (Engelhard,  Hannover; FRG) 

were added t o  0 .5  m l  of t h e  s o l v e n t  (mg precursor/mg Pd/Al2U3: 2 ,3 /2 ,5  

i n  demethylacetamide and 3 ,2 /3 ,7  and 1,8/20 i n  water) .  The r e a c t i o n  v e s s e l  

was connected t o  t h e  t r i t i a t i o n  manifold,  cooled by l i q u i d  n i t rogen  and 

evacuated (p=  0.1 Pa) .  After  tritium gas  (0 .3  rnmol) had been introduced 

t h e  r e a c t i o n  mixture was a g i t a t e d  by means of a magnetic s t i r rer  a t  

ambient t r empera tu re  and a tritium pres su re  of 60 kPa for  30 minutes.  After  

s topp ing  t h e  r e a c t i o n  t h e  c a t a l y s t  was cen t r i fuged  and washed with 10 m l  

of  water .  The combined s o l u t i o n s  were f r eeze -d r i ed  4 times using water 

t o  remove l a b i l e  tritium. The remaining s o l i d  was d i s so lved  i n  water /  

e t h a n o l  1/1 and p u r i f i e d  by paper e l e c t r o p h o r e s i s .  The t r i t i a t e d  pep t ide  

was e l u t e d  from t h e  paper using 30 % a c e t i c  a c i d  and s t o r e d  a t  -20 "C 



1408 M. Biener? et al. 

i n  30 % 

50 MBq/m 1. I t  was shown by t l c - r ad ioscann ing  t o  have a r a d i o a c t i v e  p u r i t y  

of about 90 %. I n  o rde r  t o  e s t i m a t e  t h e  s p e c i f i c  r a d i o a c t i v i t y ,  5 - 20 MBq 

of t h e  p u r i f i e d  l a b e l e d  pep t ide  were d i s so lved  i n  2 , 0  m l  0.05 M bo ra t e  

bu f fe r  pH 8. To t h i s  s o l u t i o n  0,5 m l  of a s o l u t i o n  of f luram i n  dioxane 

( 2  mg/lO ml) was added under shaking and t h e  i n t e n s i t y  of t h e  f luo rescence  

a t  365 nm was measured wi th in  30 minutes.  Data were taken from a c a l i b r a t i o n  

curve obtained i n  t h e  same manner us ing  5 t o  50 nanomole samples of an 

Arg-Pro-Lys-Pro dodecylamide s t anda rd .  

a c e t i c  ac id / e thano l  1/1 a t  a r a d i o a c t i v e  concen t r a t ion  of about 
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