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SUMMARY 

p-Ac-Lys-(Phe-4- 3 H) -Phe-Gly-Leu-Nle-NH2, a modified 

Substance P fragment with full activity on smooth muscle has 

been prepared by catalytic tritiation of the corresponding pre- 

cursor peptide containing pchlorophenylalanine in position 7. 
The precursor peptide has been synthesized by stepwise couplings 

from the C-terminal end, using t-butyloxycarbonyl-amino acid 

2,4,5-trichlorophenyl esters. The specific radioactivity o f  the 

tritiated product obtained was 23 Ci/mmole. 
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For binding experiments between Substance P peptides 

(1,2) and subfractions of smooth muscle cells in the physiologi- 

cal concentration range, it was necessary to use a synthetic 

analogue with high specific radioactivity, possessing at the same 

time pronounced biological activity. 

Recently we have reported that C-terminal hexapeptides 

and acyl derivatives of similar sequences exhibit high potency 

in contracting guinea pig ileum as well as other smooth muscle 

systems (3,4). The possible formation under the experimental con- 

ditions of a pyroglutamyl derivative excludes the use of the 

hexapeptide Gln-Phe-Phe-Gly-Leu-Met-% (2, Figure 1) for this 
purpose. As known from our previous work with sequences of 

eledoisin and physalaemin (4), replacement of glutamine by an 
N-terminal acetyl-lysyl residue enhances smooth muscle activity 

and should also increase the resistance against proteolytic 

degradation. 

Tritium labelling can be successfully effected by 

catalytic exchange of an iodine substituent in tyrosine residues 

(5 ,6) .  Peptides containing 3,5-dibromotyrosine or E-chlorophenyl- 

alanine are also useful intermediates (7,8). The successful 

synthesis of H-bradykinin (9) using a precursor containing 

pchlorophenylalanine (Phe(C1)) prompted us to use this method 

for the labelling of Substance P. Although tritiation of 

dibromotyrosine2-a-melanotropin takes place readily ( 7 ) ,  catalytic 

dehalogenation of pchlorophenylalanine in peptides containing 

3 

methionine residues may involve difficulties. To avoid possible 

complications, we substituted methionine in the native sequence 

by the norleucine residue, on the basis of an observation (10) 

that norleucine’’-Substance P is equipotent with the methionine 

containing native peptide in the secretion test on rat salivary 

glands. Replacing methionine by norleucine in the C-terminal 
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pentapeptide gives compound 3 with a small smooth muscle (guinea 
pig ileum) activity comparable with that of the pentapeptide 

having the native sequence. Introduction of the fl-acetyl-lysyl 

residue increases the activity yielding ED values similar to 

that of the unmodified hexapeptide 2 or the intact Substance P 
undecapeptide 1. 

50 

E D ~ ~ - ~ o - ~  M 

- 1 H-Arg-Pro-Lys-Pro-Gln-Gln-Phe-Ph.e-Gly-Leu-Met-N€$ 095  

- 2 H-Gln-Phe-Phe-Gly-Leu-Met-NH2 190 

2 H-Phe-Phe-Gly-Leu-Nle-N€$ 2 00 

4 H-Lys-Phe-Phe-Gly-Leu-Nle-NH2 2 9 8  

2 Ac-Lys-Phe-Phe-Gly-Leu-Nle-NH;! 190 

- 6 Ac-Lys-Phe(C1)-Phe-Gly-Leu-Nle-N€$ 397 
Figure 1: Biological activity (isolated guinea pig ileum) 

of some peptides related to Substance P 

Since Substance P does not contain tyrosine residues, but 

there are two phenylalanines in the C-terminal hexapeptide, a 

2-chlorophenylalanine analogue as precursor peptide for labelling 

with tritium seemed to be promising. Synthesis of the 
[I?-Ac-Ly~~,Phe(Cl)~,Nle 11'3 -Substance P-(6-11) -hexapeptide a i d e  

was achieved as shown in Figure 2.x 

All amino acid derivatives mentioned in this paper 

are of the L-configuration. Symbols and abbreviations axe used 

according to th.e tentative rules of the IUPAC IUB Commission on 

Biochemical Nomenclature, J.Biol.Chem. 142:977 (1972). DMF stands 

for dimethylformamide. 



580 M. Bienert, H. Niedrich, I. TepZibZ and K. Efedaihradsaky 

6 
PI 

BOC. 

Boc 

H 

BOc 

Ac ’ 
1 2  

1 

Boc 

Boc 

O P c p  H 

-- 

8 9 10 I t  
Leu N le 

Figure 2: Synthesis of [~“-Ac-Lys6,Phe(C1)7,Nle11]-Substance P- 

-(6-ll)-hexapeptide amide 
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Boc-Leu-Nle-N€$ w a s  obtained by t h e  condensa t ion  of 

Boc-Leu wi th  Nle-OMe u s i n g  t h e  mixed anhydr ide  procedure ,  fol lowed 

by ammonolysis. A f t e r  deblocking  wi th  hydrogen c h l o r i d e  i n  a c e t i c  

a c i d ,  e longa t ion  of t h e  pep t ide  cha in  w a s  accomplished by a c y l a t i o n  

w i t h  t-butyloxycarbonylamino a c i d  a c t i v e  e s t e r s  i n  a s t epwise  

manner. 2 ,4 ,5-Trichlorophenyl  e s t e r s  were used i n  t h e  case  of 

glycime,  phenyla lan ine  and l y s i n e ,  wh i l e  pentachlorophenyl  e s t e r  

w a s  a p p l i e d  when p c h l o r o p h e n y l a l a n i n e  w a s  b u i l t  i n t o  t h e  pep t ide  

chain.  A f t e r  t h e  t e rmina l  Boc-group had been removed, t h e  a c e t y l  

group w a s  in t roduced  by a c e t y l a t i o n  w i t h  p n i t r o p h e n y l  a c e t a t e .  

HBr i n  a c e t i c  acid w a s  used f o r  removal of t h e  E-carbobenzyloxy 

s u b s t i t u e n t .  The p r e c u r s o r  pep t ide  obtained i n  t h i s  way w a s  tri- 

t i a t e d  acco rd ing  t o  t h e  procedure desc r ibed  by G i r m a  e t  al.  (6 ) .  

Amino a c i d  a n a l y s i s  a f t e r  t o t a l  h y d r o l y s i s  of  t h e  l a b e l l -  

ed compound r evea led  t h e  absence of p c h l o r o p h e n y l a l a n i n e ,  and 

r e f l e c t e d  t h e  c o r r e c t  2:l:l propor t ion  of Phe:Leu:Nle. The s p e c i f i c  

r a d i o a c t i v i t y  of t h e  t r i t i a t e d  Substance P fragment analogue w a s  

23  Ci/mmole, c a l c u l a t e d  from the a c t i v i t y  o f  phenyla lan ine  p r e s e n t  

i n  t h e  h y d r o l y s i s  product .  The amino ac ids  Lys, Leu, Gly and Nle 

conta ined  l e s s  t han  1% o f  t h e  t o t a l  r a d i o a c t i v i t y .  

The y i e l d  of t h e  t r i t i a t i o n  s t e p  w a s  about  40%. The 

s p e c i f i c  r a d i o a c t i v i t y  is comparable wi th  va lues  obtained i n  t h e  

iodine-tritium exchange experiments  ( 5 , 6 ) ,  a l though,  t a k i n g  i n t o  

c o n s i d e r a t i o n  t h e  much lower s u b s t i t u t i o n  r a t e  of t h e  c h l o r i n e  

atom, a more ex tens ive  t r i t ium-hydrogen exchange w i t h  t h e  s o l v e n t  

would not  have been s u r p r i s i n g .  These r e s u l t s  a r e  i n  accord w i t h  

those  r e p o r t e d  f o r  the t r i t i a t i o n  of Phe(C1) -bradykinin (g), 

i n d i c a t i n g  aga in  t h e  a p p l i c a b i l i t y  of p c h l o r o p h e n y l a l a n i n e  as a 

5 
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precursor amino acid for stable labelling with tritium. 

No radioactive contaminants in the labelled peptide 

could be detected by thin-layer chromatography, but in paper 

electrophoresis an impurity migrating to the anode appeared. The 

latter method was used for the preparative purification o f  the 

tritiated compound. The pure material was stored in methanolic 

solution in a concentration of 

was observed after six months storage under these conditions. 

M at -2OOC; no decomposition 

The tritiated fragment analogue exhibits the same bio- 

logical potency on guinea pig ileum as does the unlabelled hexa- 

peptide 2. 

EXPERIMENTAL 

Thin layer chromatography was carried out on silica gel 

plates (Kavalier-Works, CSSR) using ninhydrin and chlorine-tolidine 

reagents and the solvent systems: A = butanol-acetic acid-water 

(2:1:1), B = hexane-benzene-ethyl acetate (3:3:1), C = ethyl 

acetate-pyridine-acetic acid-water (60:20:6:11), D = ethyl 

acetate-pyridine-acetic acid-water (120:20:6:11), E = chloroform- 

-methanol-acetic acid (95:5:3). Thin layer radiograms were carried 

out on Silica Gel G plates (Merck, GFR) and measured by a scanner 

from Berthold and Friesecke (GFR) . 
Electrophoresis was performed on paper type FN 7 

(Niederschlag, GDR) in 7% acetic acid for 1 hr at 23V/cm. Radio- 
active samples were mixed with 10-8M inactive peptide 2 and 
placed on FN 7 paper, impregnated with 7% acetic acid. For count- 
ing the strips were cut and measured in a liquid scintillation 

counter (Wallac 81000, LKB). For amino acid analysis, samples 

were hydrolyzed with 6N HC1 and analyzed by the AAA881-analyzer 

(Microtechna, CSSR). Biological tests were performed according to 

(11) 



583 6-(NCY-Acety t - l g s y  I ) -1  1 -nor Zeucine-subs tame  P- (6-1 1 I - Hexapeptide 

The peptides 2, 4 and fi in Figure 1 were synthesized as 
given for compound 6 in Figure 2: Phe-Phe-Gly-Leu-Nle-NH2. HC1 (2) , 
C32H47N605C1 (631,2), map. 138-144'9 [a]? = -65' (C = 0.25,DMF); 

Lys-Phe-Phe-Gly-Leu-Nle-NH2~ 2HC1 (31, C38H60N806C12 (795,9), mePo 
i7i-i76oy[a]:0 = -120 (c = 0.5, DW); (~oc-~ys(~oc)-~~cp (12) was 

used for the introduction of Lys); Acetyl-Lys-Phe-Phe-Gly-Leu-Nle- 

-NH2. HC1 (fi), C40H61N807C1 (801,4), mop. 167-177O,[a]io = -45' 

(c = 0.25, DMF), amino acid analysis: Lys 0.98, Phe 2.03, Gly 1.00, 

Leu 0.99, Nle 1.00, (Z-Lys(Boc)-OTcp (13) w1t9 used for the intro- 

duction of Lys, followed by hydrogenolysis, acetylation with 

pnitrophenyl acetate and treatment with hydrogen chloride in 

acetic acid). 

- t-Butyloxycarbonyl-g-clllorophenylalanine 2,4,5-trichlorophenyl ester 

To a solution of Boc-Phe(C1) (8) (1.00 g, 3.33 moles) 
and 2,4,5-trichlorophenol (790 mg, 4.00 moles) in 25 ml ethyl 

acetate dicyclohexylcarbodiimide (760 mg, 3.66 moles) was added 

at -5OC. The solution was stirred at -5OC for 1 hr and at room 

temperature for 10 hr. After filtration the solvent was removed 

in vacuo. The crystalline residue was recrystallized from ethyl 

acetate-hexane to yield 1.37 g (87%) ester, m.p. 143-145', Rf(B)  
0.68,[<li0 = -40 0 (c = 1, DMF). Calcd. for C20H19N04C14 (479,2) : 

C 50.13, H 4.00, N 2.92, found: C 50.04, H 3.82, N 2.85 %. 

t-Butyloxylcarbonyl-pchlorophenylalanine pentachlorophenyl ester 

This compound was prepared as described for the 2,4,5- 

-trichlorophenyl ester. The yield after recrystallisation from 

ethyl acetate was 80%, m.p. 182-186', Rf(B) 0.65,[a]E0 = -37' 
(c = 1, DW). Calcd. for C20H17N04C16 (548.1) : c 43.83, H 3.13, 

N 2.56, found: C 43.62, H 3.03, N 2.27 %. 

- t-Butyloxycarbonyl-leucyl-norleucine methyl ester 
To a solution of Boc-Leu (14) (6.94 g, 30 mmoles) and 
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N-ethyl-morpholine (3.78 ml, 30 moles) in 50 ml tetrahydrofuran 

isobutylchloroformate (4.12 ml, 30 mmoles) were added at -15OC. 

After stirring for 5 min a mixture of Nle-OMe (15) (5.45 g ,  30 

moles) and N-ethyl-morpholine (3.78 ml, 30 moles) in 50 ml DMF, 

chilled to -2OOC was added. The temperature was kept at -lO°C for 

30 min. The stirring was continued for 2 hr at room temperature. 

After evaporation in vacuo the residue was dissolved in ethyl 

acetate-water. The organic layer was washed with 5% KHS04-solution, 

NaHCO -solution, water and dried over sodium sulfate. After evapo- 

ration the residue was crystallized from ethyl acetate-petroleum 

ether. Yield 7.2 g (67%), m.p. 98-101°, Rf(D) 0,8,[a]g0 = -28' 

(c = 1, DMF). Calcd. for C18HJ4N205 (358.5): C 60.31, H 9.56, N 

7.82, found: C 59.90, H 9.42, N 7.87 %. 

3 

- t-Butyloxycarbonyl-leucyl-norleucine amide 
Boc-Leu-Nle-OMe (5.30 g, 14.8 moles) was dissolved in 

160 ml methanol, saturated with ammonia. The solution was allowed 

to stand at room temperature for three days. After evaporation & 
- vacuo a crystalline residue was obtained, which was recrystallized 

from ethanol. Yield 4.55 g (go%), m.p. 172-174', Rf(E) 0.5, 

[a]? = -31' (c = 1, DMF). Calcd. for C17H33N304 (343.5): C 59.45, 

H 9.68, N 12.23, found: C 59.41, H 9.64, N 11.89 %. 

- t-Butyloxycarbonyl-glycyl-leucyl-norleucine amide 
Boc-Leu-Nle-NH2 (2.60 g, 7.54 moles) was stirred with 

15 ml 2N hydrogen chloride/acetic acid for 20 min at room temper- 

ature. The deprotected peptide was isolated by addition of 150 ml 

ether, filtration and drying over KOH pellets in vacuo. The yield 

was nearly quantitative. M.p. 127-130°, Rf(D) 0.36,[a]go = +28O 

(c = 1, DMF). H-Leu-Nle-q.HC1 (2.00 g, 7.14 mmoles) was coupled 

with Boc-Gly-OTcp (13) (2.78 g, 7,85 moles) in the presence of 

triethylamine (1.08 ml, 7.85 mmoles) in 15 ml DMF. For isolation 

the reaction product was poured into the mixture of 100 ml N-acetic 
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acid and 25 ml cyclohexane. The precipitate was filtered off, 

triturated with N acetic acid, water and ether to give a powder, 

which was crystallized from acetic acid by dropwise addition of 

water. Yield 2.06 g (74%), m.p, 169-171°, Rf(A) 0,85,[a]g0 = -16' 

(C = 1, DMF), calcd. for ClgH36N4o5 (40095):  56-98, H 9.06, 

N 13.99, found: C 56.47, H 8.92, N 13.68 %. 

- t-Butyloxycarbonyl-phenylalanyl-glycyl-leucyl-norleucine amide 

Boc-Gly-Leu-Nle-9 (2.00 g, 5 mmoles) was deprotected 

as described above, yielding H-Gly-Leu-Nle-NK;!. HC1, m.p. 210-212O, 

Rf(A) 0.60,[a1[? = -31' (c = 1, DMF). H-Gly-Leu-Nle-NH2. HC1 

(1.30 g, 3.86 mmoles) was coupled with Boc-Phe-OTcp (13), as 

described for Boc-Gly-Leu-Nle-NH2 in detail. Yield 1.78 g (85%), 

m.p. 202-212', Rf(D) 0.83,[a]E0 = -28' (c = 1, DNLF). Calcd. for 

C H N 0 (547.7): C 61.40, H 8.28, N 12.79, found: C 61.18, H 

8.07, N 12.29 %. 
28 45 5 6 

- t-Butyloxycarbonyl-~-chlorophenylalanyl-phenylalanyl-glycyl-leucyl- 
-norleucine a i d e  

H-Phe-Gly-Leu-Nle-9. HC1 (385 mg, 0.8 mmoles), obtained 

by treatment of Boc-Phe-Gly-Leu-Nle-NH2 with hydrogen chloride/acetic 

acid, m.p. 141-144', Rf(D) 0.55,[ct]T = +1l0 (c = 1, DMF) was 

converted into the protected pentapeptide using Boc-Phe(C1)-OPcp 

(482 mg, 0.88 mmoles) under the conditions mentioned above. Yield 
494 mg (85%) amorphous powder, m.p. 229-231°, Rf(E) 0.5,[~]~ 20 = -13' 

(c = 0.5, DMF). Calcd. for C37H53N607C1 (730.3): c 60.85, H 7.31, 

N 11.51, found: C 60.31, H 7.45, N 11.17 %. 

(fl-i-Butyl oxycarb onyl-N & -b enzyloxycarb onyl ) -1ysyl-pchlorophenyl- 

alanyl-phenylalanyl-glycyl-leucyl-norleucine amide 

Boc-Phe(C1) -Phe-Gly-Leu-Nle-NH; was deprotected by 

hydrogen chloride/acetic acid, mop. 184-194', Rf (D) 0.50, 
[a360 = -340 ( c = 0.5, DMF). H-Phe(C1)-Phe-Gly-Leu-Nle-NH2. 
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HC1 (167 mg, 0.25 moles) was coupled with Boc-Lys(2)-OTcp (13) 

(157 mg, 0.28 moles), as described above, yielding 220 mg (79%), 

m.p. 229-234', Rf(D) 0.74. Calcd. for C H N 0 C1 (991.7): 51 71 8 10 
C 61.77, H 7.22, N 11.30, found: C 61.04, H 7.12, N 11.16 % 

f -Acetyl-N '-benzyloxycarb onyl-lysyl-pchlorophenylalanyl-phenyl- 
alanyl-glycyl-leucyl-norleucine amide 

Boc-Lys(Z)-Phe(Cl)-Phe-Gly-Leu-Nle-N€$ (198 mg, 0.2 

moles) was treated with hydrogen chloride/acetic acid and isolated 

in the usual manner, m.p. 202-209 , Rf(D) 0.4. To the solution of 

this Na-deprotected hexapeptide (104 mg, 0.112 moles) in 3 ml D W  

triethylamine (0.016 ml, 0.112 moles) and pnitrophenyl acetate 

(22.3 mg, 0.123 moles) were added. After stirring overnight the 

solvent was removed in vacuo and the residue was triturated with 

NaHC03-solution, 1 N  acetic acid, water and finally with ether. The 

amorphous product was reprecipitated from DMP-ether. Yield 87 mg 

0 

(82%), m.p. 218-225', Rf(D) 0.7, calcd. for C48H65N809C1 (933.6): 

C 61.75, H 7.02, N 12.00, found: C 61.12, H 6.81, N 11.56 %. 

#-Ace tyl-lysyl-~-chlorophenylalanyl-phenylalanyl-glycyl-leucyl- 

norleucine amide hydrobromide (6)  
Deprotection of Ac-Lys(2)-Phe(C1)-Phe-Gly-Leu-Nle-MI2 

(80 mg) was performed by treatment with hydrogen bromide/acetic 

acid for 30 min. The product was precipitated by addition ofether, 

and reprecipitated from DW-ether, yielding 70 mg amorphous powder, 
mop. 255-260°c, R~(A) 0.75, R~(c) 0.6, R~(D) o.2,[aJ0 = -35' 

(c =: 0.5, DMF) amino acid analysis: Lys 0.93, Phe(C1) 1.00, Phe 

1.01, Gly 0.94, Leu 1.07, Nle 1.00, C40H60N807ClBr (880.4). 

lf-Acet yl-lysyl- [phenylalanyl-4-3H]-phenylalanyl-glycyl-leucyl- 

-norleucine amide 

Na-Acetyl-Lys-Phe(C1)-Phe-Gly-Leu-Nle-NH2. HBr (2.5 mg) 
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was dissolved in 0.2 ml DMF and 0.8 ml water. The solution was 

frozen using liquid nitrogen and covered with 10% palladium/aluminium 

oxide (50 mg; Engelhardt, Rome). The reaction vessel was connected 

with a tritiation equipment (16). After saturation of the catalyst 

with tritium gas the solvent was thawed and the mixture stirred for 

60 min at 500 mmHg pressure at room temperature. The catalyst was 

filtered off (Millipore filter, 0.22 @, washed with 50 ml 0.1 M 

acetic acid and the solvent was evaporated in vacuo. After repeated 

evaporations the product was dissolved in a small volume of DMF 

and diluted with 5 ml methanol. The radiogram in system A shows a 

single peak (Rf 0.75). In electrophoresis one contamination, 

migrating to the anode appeared. Purification was performed by 

electrophoresis of ca. moles tritiated peptide, followed by 

elution of the separated spot with 0.1 M acetic acid. Counting of 

the Phe-eluates obtained after amino acid analysis indicates a 

specific radioactivity of 2 3  Ci/mmoles. Other amino acids than 

Phe contain less than 1% of the total activity. No Phe(C1) W- 

detectable. 

/ 
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