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A novel synthesis of a-melanotropin labelled with 
tritium on the tyrosine residue ([Ty~-3,5-~$] -a-melanotropin) 
is described. First, a precursor , containing 3,5-di- 
bromotyrosine i n  position 2 ( [Dbtgj$$:lanotropin) is 
prepared, which can be converted into the labelled hormone 
by catalytic tritiation in the last step of the synthesis. By 
this procedure the tedious work with highly active labelled 
intermediates, and the storage of the tritiated compound, 
usually accompanied by significant autoradiolysis , can be 
avoided. 

In an earlier paper we reported the synthesis of 
a-melanotropin labelled with tritium in the 3,5 positions of the 
tyrosine residue, starting from the labelled amino acid (1). 
This compound possessed a specific radioactivity of 2.8 Ci/mmole 
(1.56 Ci/mg), and we mentioned that significant radiolysis could 
be observed on storing the substance for a longer time. In many 
cases biological experiments may require products of still higher 
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specific activity, where the danger of autoradiolysis is much 
more probable, and the synthetic work with the highly active 
intermediates can be even more tedious and dangerous. Although 
labelled a-melanotropins synthesized previously (1,2) were found 
suitable for various binding experiments, we have elaborated a 
new procedure for the preparation of the tritium-laballed hormone; 
this allows the introduction of the radioactive label into the 
mrlecule containing a suitable precursor amino acid in the last 
step of the chemical synthesis. Thas storage of large amounts of 
the highly radioactive hormone can be avoided and the required 
quantity of the labelled peptide can be prepared right before 
application, by a relatively simple. operation. 

was selected. The outlines of the synthesis of a-melanotropin 
containing 3,5-dibromotyrosine in position 2 ( bt2] -or-rnelanotro- 
pin), effected in two alternative ways, are shown in the Figure. 

+ 
As the precursor amino acid 3,5-dibromotyrosine (Dbt) 
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Scheme of synthesis of [Dbt2] -a-melanotropin 

+ Parts of the synthetic work detailed in this paper were 
presented at the Gasteiner Internationales Symposion, Bad Gastein, 
January 9, 1974. Symbols and abbreviations are used according to 
the rules of the IUPAC IUB Commission on Biochemical Nomenclature, 
J.Biol.Chem. =:977 (1972). All amino acid derivatives mentioned 
in this paper are of the L-configuration. 
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By catalytic hydrogenation [Dbt2] -a-melanotropin can be 
converted into the hormone with the natural sequence, containing 
tyrosine in position 2. The similar reaction, uaing tritium in- 
stead of hydrogen gives the radioactive hormone derivative, 
containing tyrosine labelled with tritium in the 3,5 positions 
( pyr-3 , 5-3H21-a-melanotropin). 

Reproduction of the direct bromination described for 
the syntheeis of 3,5-dibromotyrosine (3 )  resulted in an in- 
homogeneous product. Pure dibromo compound could be obtained by 
using excess bromine at elevated temperature. 3,5-Dibromotyrosine 
was esterified by the methanol-thionyl chloride procedure. 
Coupling with 4-butyloxycarbonyl-serine aside (4 )  led to the 
protected dipeptide eater, which was converted into the hydraaide 
and azide and condensed with seryl-methionine methyl ester (5). 
The resulting BOG-Ser-Dbt-Ser-Met-OPe tetrapeptide ester was de- 
protected by trifluoroacetic acid, acetylated with pnitrophenyl 
acetate, and transformed into the hydraaide. 

tetrapeptide hydrazide wae coupled with the H-Glu(OLBu)-His-Phe- 
-Arg-Trp-Gly-OH hexapeptide described earlier (6,7), and the 
resulting decapeptide with the C-terminal H-Lys(B0C)-Pro-Val-9 
tripeptide amide (8)(Route A ) .  In Route B first the H-Glu(0iBu)- 
-His-Phe-Arg-Trp-Gly-Lye(B0C) -Pro-Val-NH2 nonapept ide was 
prepared (9 )  and acylated with the N-terminal acetyl-tetra- 
peptide aaide. The latter procedure usually gave more homoge- 
neous products and better yields. 

The protected dibromo-a-melanotropins prepared by either 
way proved to be identical in every respect. Hydrogenation in the 
presence of Pd/CaC03 catalyst gave, after chromatography on 
carboxymethyl celluloee, pure a-melanotropin. Using tritium gas 
instead of hydrogen yielded in the same procedure [Tyr-3 , 5-3181 - 
a-melanotropin with 2.6-4 Ci/mmole specific activity, depending 
on the dilution of the tritium used. 

The azide prepared from the BOC-Ser-Dbt-Ser-Met-N H 2 3  

Thin-layer chromatography was carried out on Kieselgel G 

(Merck) plates, chromatograms were developed with the following 
solvents (volumecr), using ninhydrin and chlorine-tolidine reagents 
for detection: 
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Solvent 1 
Solvent 2 
Solvent 3 
Solvent 4 Acetone-toluene 1-1 

Ethyl acetate-pyridine-acetic acid-water 30-20-6-11 
Ethyl acetate-pyridine-acetic acid-water 60-20-6-11 
Ethyl ace t at e-pyridine-ace t ic acid-wat er 120-20-6 -11 

To a stirred suspension of 36.2 (0.2 moles) L-tyrosine 
in 150 ml acetic acid a solution of bromine (96.0 g, 30.8 ml, 
0.6 moles) in 130 ml acetic acid w a s  slowly added, resulting in 
a clear, red solution, warming spontaneously to 55-60°C. The 
stirring was continued at this temperature for two additional 
hours, the solution allowed to cool, and the crystalline preci- 
pitate (3,5-dibromotyrosine hydrobromide) was filtered off and 
washed with ether, yielding 33.3 g product. On evaporating the 
mother liquor and treating the residue with ether a second crop 
was obtained; total yield 68.5 g (81.8%) hydrobromide. 

For purification the substance waa dissolved in 350 m l  
water, treated with charcoal, filtered and adjusted to pH 6 with 
concentrated ammonium hydroxide solution. The precipitate waB 
filtered off and washed with water. 

Yield 50.6 g (74.5%). R~~ 0.50. 
(c= 0.84, in 1 n HC1). Calcd. for CgHg03NBr2 (339.0): C 31.9, 
H 2.7, N 4.1, Br 47.2; found: C 31.7, H 2.6, I? 4.1, Br 47.3% 

[a]$&= +4.4g0 b.07' 

3,5-Dibromotyrosine methyl ester hydrochloride 

To 200 ml anhydrous methanol 37.7 ml thionyl chloride 
(0.52 moles) was added dropwise at -15OC, followed by the addition 
o f  3,5-dibromotyrosine (44.0 g, 0.13 moles) under stirring, and 
keeping the temperature of the reaction mixture at -1OOC. The 
stirring was continued for ten minutes, and the clear solution 
waa allowed to stand at room temperature overni@t. After eva- 
poration the residue waa dissolved in methanol, evaporated again, 
and crystallized from methanol-ether. 

(cd.0 in methanol). Calcd. for CloH1203NBr2Cl. (389.5): C 30.8, 
H 3.1, N 3.6, Br 41.0; found C 30.6, H 3.2, N 3.5, Br 40.8%. 

Yield 50.8 g (98%). M.p. 185-187'. RF3 0.65. [a]E5= +8.8' 

- t -But yloxycarb onyl -seryl-3,5 -dibromo tyrosine me thy1 ester 

TO the solution of  6.60 g (30 moles) t-butyloxycarbonyl- 



a-Melanotropin LsbelZed w i t h  Tritium 167 

-serine hydrazide (8) in 50 ml dimethylfomamide (DMF) chilled to 
-lO°C, 15 ml (90 moles) cold 6 n hydrochloric acid was added, 
followed by the addition of a concentrated aqueous solution of 
2.07 g (30 mmoles) sodium nitrite, under stirring at the same 
temperature, After 10 minutes a cold solution of 3,5-dibromo- 
-tyrosine methyl ester hydrochloride (10.9 g, 28 moles) and tri- 
ethylamine (12.4 ml, 90 moles) in 50 ml DIG' was added, and the 
mixture was stirred at -5OC for two hours, then kept in an icebox 
overnight. Evaporation in vacuo, dissolving the residue in ethyl 
acetate, washing with citric acid and sodium bicarbonate solutions 
and repeated evaporation yielded after crystallization from ethyl 
acetate-petroleum ether 10.9 g (67.4%) dipeptide ester with m.p. 
122-125OC, Rp4 0.50. 

R 5.2, Br 29.6; 
Calcd. for C18%4 0 N Br (540.2): C 40.0, H 4.5, 

found C 40.1, H 4.5, N 5.3, Br 29.8%. 

- t -But yloxycarb onyl -8 eryl-3,5 -dib romot yros ine hydra2 ide 

To a solution of BOC-Ser-Dbt-OMe dipeptide ester (10.8 g, 
20 moles) in 45 ml methanol 7.0 ml 98% hydraaine hydrate was added 
and allowed to stand at room temperature for 24 hours. The pre- 
cipitated substance was filtered off, washed with cold methanol 
and dried. For purification it was dissolved in the minimal amount 
of ice-cold 1 n hydrochloric acid, precipitated with a 10% solution 
of sodium carbonate and crystallized from 400 m l  water. 

Yield 7.50 g (69.4%), mop. 197-19YoC, Rp4 0.52. 
Calcd. for C17H2406N4Br, (540.2): C 37.8, H 4.5, 

N 10.4, Br 29.6; found C 37.7, H 4.5, N 10.3, Br 29.6%. 

- t -Butyloxycarbonyl-seryl-3,5-dibromotyrosyl-seryl-methionine 
methyl ester 

The solution of 5.40 g (10 moles) BOC-Ser-Dbt-N2H3 
dipeptide hydrazide in 30 m l  DKF was chilled to -lO°C, 5 m l  
(30 moles) cold 6 n HC1 and a concentrated aqueous solution of 
690 ng (10 moles) sodium nitrite was added under vigorous 
stirring at -1OOC. After 10 minutes the solution of 2.87 g (10 
moles) of H-Ser-Met-OMe.HC1 dipeptide ester hydrochloride and 
4.14 m l  (30 moles) triethylamine in 20 ml DMF was added, stirred 
at -5OC for two hours, and let stand at 4OC overnight.Evaporation 
in vacuo was followed by the ueual washing procedure, the final 
residue wae crystallized from methanol. 
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Yield 4.32 g (56.%), m.p. 110-114°C, Rp3 0.75. 
Calcd. f o r  C26H38010N4Br2S (758.5); C 41.2, €I 5.05, 

PT 7.4, Br 21.1; found: C 41.2, H 5.0, N 7.5, Br 20.%. 

Seryl-3,5-dibromotyrosyl-seryl-methionine methyl ester trifluoro- 
acetate 

BOC-Ser-DbtSer-Met-OMe tetrapeptide ester (3.04 g ,  
4 moles), dissolved in 30 m I  90% trifluoroacetic acid (TFA) 
containing one drop of mercaptoethanol, was allowed to stand at 
room temperature for 30 minutes, evaporated to dryness, and 10 ml 
portion8 of methanol were distilled off from the residue several 
times. The final residue was powdered mder peroxide-free ether 
and filtered. 

Crystallization from methanol gave a product which melted at 
2 0 5 -2 08 OC . 

The yield is 3.16 g, nearly quantitative, RF2 0.40. 

N-Acetyl-seryl-3,5-dibromotyrosyl-seryl-methionine methyl eater 

To a solution of H-Ser-Dbt-Ser-Met-OMe.TFA tetrapep- 
tide ester trifluoroacetate (2.55 g, 3.3 mmolea) and triethyl- 
mine (1.37 ml, 9.9 mmoles) in 40 ml pyridine, 1.2 g (6.6 moles) 
pnitrophenyl acetate was added, and the mixture was kep,t at 2OoC 
overnight. The solvent wae removed by distillation in vacuo, the 
residue dissolved in methanol, evaporated again and triturated 
with peroxide-free ether to remove excess pnitrophenyl acetate. 
The product waa crystallized from methanol, yielding 2.11 g 
(91.3%) acetyl-tetrapeptide ester, m.p. 248-252OC after repeated 
cryetallization from the same solvent, R~~ 0.75. 

found: N 8.0, B r  22.5% 
Calcd. for C23H3209N4Br2S (700.4): N 8.0, Br 22.8; 

N-Acetyl-seryl-3,5-dibromotyrosyl-seryl-methionine hydrazide 

To a aolution of AcSer-Dbt-Ser-Het-OIYIe tetrapeptide 
ester (1.54 g, 2,2 moles) in 10 ml warm methanol 2.3 m l  98% 
hydrazine hydrate was added and allowed to stand at 5OoC for 
f o u r  hours. The precipitated hydraeide was filtered off, washed 
with cold methanol and dried over sulphuric acid in vacuo. The 
dry material was thoroughly washed with water and crystallized 
from water to give 1.12 g (72.8%) pure hydrazide with a m.p. o f  
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247-250°C; Rp2 0.20. 

found N 12.1, B r  22.5%. 
Calcd. for C22H3208N6Br2S (700.4): N 12.0, Br 22.8; 

I?-Ace t yl-seryl -3 ,5-dibromo t yrosyl-s erg1 -me t hionyl-Y-pbut yl- 
-glut amyl -hie t idyl-phenylalanyl -arginyl-trypt ophyl -glycine 

The solution of the acetyl-tetrapeptide hydrazide (700 mg, 
1 mmole) in 5 ml DMF was chilled to -5OC, and under continuous 
stirring at the same temperature cold 6 n HCl (0.5 m l ,  3 moles), 
sodium nitrite (76 mg, 1.1 moles) in the minimal amount of water, 
and after 10 minutes the solution of the hexapeptide H-Glu(O2Bu)- 
-His-Phe-Arg-Trp-Gly-OH (947 mg, 1 mmole) and triethylamina 
(0.41 ml, 3 moles) in 4 ml DMF were added. Stirring was con- 
tinued at O°C for two hours, and the mixture was kept at 4OC over- 
night. After evaporation of the solvents the residue w a e  tritu- 
rated with ether, ethyl acetate and acetone, filtered off and air- 
dried, yielding 1.58 g (-lloos%) crude decapeptide. 

Rpl 0.50, mop. 208-219OC (decomp.) after crystallization 
from 50% aqueous &-butanol. 

Calcd. for C65"[86017N16Br2S (1555.4): N 14.4, Br 10.3; 
found: I? 14.2, Br 10.196. 

N-Ace t yl -seryl -3 ,5 -dibromo t yros y 1-8 eryl-me t hionyl -Y-i-butyl -glu- 
t amyl-his t idyl -phenylalanyl-arginyl-trypt ophyl -glycyl- E -i-butyl- 
oxycarbonyl-lysyl-prolyl-valine aide (protected dibromo-a-mela- 
not ropin) 

A) 1-10 + 11-13 Coupling 
T6 a solution of the acetyl-decapeptide (807 mg, 0.52 

moles) and pyridine hydrochloride (62 mg, 0.52 moles) in 15 ml 
DMF, R-Lys(BOC)-Pro-Val-IJH;!.CH3C6H4SO20H tripeptide amide 
ptoluenesulphonate (638 mg, 1.04 moles), 0.145 ml (1.04 moles) 
triethylamine, 277 mg (1.04 moles) pentachlorophenol and dicyclo- 
hexyl-carbodiimide (214 mg, 1.04 moles) were added, and the 
mixture waa stirred at room temperature for 48 hours. The DMF was 
removed by distillation in vacuo, the residue powdered under per- 
oxide-free ether and ethyl acetate, filtered off, dried and washed 
thoroughly with water to give 1.2 g crude tridecapeptide, contain- 
ing some dicyclohexyl-urea. The main component showed auRpl value 
of 0.60. 
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3) 1-4 + 5-13 coupling 
Ac-SeP-Dbt-Ser-BBet-N2H3 tetrapeptide hydrazide (140 mg, 

0.2 moles) was suspended in 0.4 ml DW. After the addition of 
0.2 ml water and 0.12 ml 6 n HC1 a clear solution was obtained. 
To this mixture 15.2 mg sodium nitrite was added at -2OOC and 
stirred for 5 minutes, keeping the temperature between -5OC and 
-1OOC. The resulting azide was then reacted with H-Glu(OiBu) -His- 
-Phe-Arg-Trp-Gly-Lys(EOC)-Pr~-Val-~~ nonapeptide amide acetate 
(286 mg) and triethylamine (0.054 m l )  in 0.6 ml DMF, kept in the 
refrigerator overnight and diluted with the mixture of 6 ml ethyl 
acetate and 2 m l  water. The precipitated substance was filtered 
off and dried in vacuo, yielding 275 mg (79%) protected trideca- 
peptide amide with Rpl 0.60. 

N-Ace t yl -seryl-3,5 -dibromot yrosyl -6eryl -met hionyl -glut amyl-hist i- 
dyl-phenylalanyl-arginyl-tryptophyl-glycyl-lysyl-prolyl-valine 
amide (dibromo-a-melanotropin, [bbt2] a-melanotropin) 

The protected dibromo-a-melanotropin (800 mg) was dis- 
solved in 15 ml 90% TFA containing one drop of mercaptoethanol, 
and the solution was kept at room temperature for 20 minutes, 
After evaporation the residue was dissolved in 15 m l  water, 80me 
insoluble material was filtered off and the peptide was converted 
into the acetate using Amberlite IRA-400 ion exchanger in the 
acetate cycle. The lyophilisate weighed 408 mg and yielded an 
electrophoretically and chromatographically homogeneous product 
after carboxymethyl cellulose chromatography using an ammonium 
acetate buffer gradient with increasing pH and molarity. 

R~~ 0.15. 

Ace t yl -a eryl- [t yrosyl-3 , 5-3H] -s eryl-me thionyl -glut amyl-hi8 t idyl- 
phenylalanyl-arginyl-tryptophyl-glycyl-lysyl-prolyl-valine aide 
(tritium-labelled a-MSH) 

Dibromo-a-melanotropin (38 mg) was dissolved in the 
mixture 09 1 ml DMF and 1 ml water, and tritiated under magnetic 
stirring in the  presence of 25 mg 10% palladium-charcoal catalyet 
and 25 mg CaCO (or 25 mg 10% palladium-on-CaC03) for one hour in 
a specific tritiation equipment designed f o r  %hi8 purpose (10). The 
catalyst waa filtered off, the solution evaporated, the residue 

3 
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applied onto a carboxymethyl cellulose column and fractionated as 
described in (1). 

2.6 to 4 Ci/mmole, depending on the purity of the tritium gae 
used. The biological activity was determined by the in vitro frog 
skin assay of Shizume et al. (11) and found to be 1-2.1010 units 

The specific radioactivity of the labelled hormone was 

per @;* 
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