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SUMMARY
The synthesis of 3H-labeHed Met-enkephalin and
Tyr-0-Ala-Gly-Phe-Met-NH, (DALA) and '*c-1abelled

Substance P (SP) from previously described, fully
protected intermediates is reported. The labelled
peptides were prepared by methylation with (3H)- or
(14C)methy1 iodide of the sulphide anions formed on
deprotection of the corresponding S-benzyl-homocys-
teine precursors with sodium in liquid ammonia. Af-
ter purification by LC, the Tabelled peptides were
obtained in radiochemical yields in the range of 9
to 24 % with a radiochemical purity higher than 97 %.
The specific radioactivities of the 3H- and 14C-
labelled products, corresponding to the labelled
methyl jodides used, were 80 mCi/umol and 60 uCi/-
pmol, respectively.
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INTRODUCTION

The radionuclide 3H has been used extensively for labelling of pep-
tides during the last three decades. Methods furnishing specifically

labelled peptides have been deve1oped.(1-3)

Such methods as catalytic
hydrogenation of olefinic bonds or hydrogenolysis of aromatic halogen
compounds with 3H-]abeHed hydrogen gas have been utilized, giving
very low radiochemical yields. Besides, in some cases, the reactions
have been shown to give non-specifically labeiled products.(4’5)
The neuropeptides Met-enkephalin and Substance P have recently been

11C(6,7)

labelled with using an approach similar to that previously

11C]methionine.(8’9)

applied to the synthesis of S-[methyl- Thus,
methionine was substituted with S-benzyl-homocysteine in the protected
precursor peptide. The corresponding homocysteine peptide anion was
then generated by removal of the S-benzyl group with sodium in liquid
ammonia and directly alkylated with labelled methyl iodide.

3

In this paper, the synthesis of two “H-labelled enkephalins, Tyr-

Gly-Gly-Phe-Met (Met-enkephalin) and Tyr-p-Ala-Gly-Phe-Met-NH, (UALA),

2
using (3H)methy1 iodide and essentially the procedure described pre-

viously, is reported. The synthesis of 14C—label]ed Substance P is also
described. The labelled peptides were obtained in purities higher than

97 % and yields in the range of 9 to 24 %.

RESULTS AMD DISCUSSION

The protected S-benzyl-homocysteine analogue of Met-enkephalin has
recently been shown to be a suitable precursor for this neuropeptide.
Using a twofold excess of methyl iodide, the unlabelled peptide was
prepared in high yield without significant by-products.(g) This method
has also been applied with success to the synthesis of 11C—1abe]1ed
Met—enkepha]in,(6) and, with other suitable precursors, to the syn-

theses of three 11C-]abeHed enkephalin ana]ogues.(10) In continuation
of the previous work, this method now has been applied to 3H-1abe111ng

experiments.
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The synthesis of the S-(methy1-3H)labe11ed enkephalins proceeced in
a high crude yield. However, problems were encountered in the purifi-
cation step with a high loss of radiocactivity, presumably to give tri-

tiated water, as proposed by Stewart et a].(11)

This loss was mini-
mized after appropriate precautions had been taken, i.e., fast work-up
of the crude product and storage of the purified labelled peptide in
ethanol at -90 °C. The reported procedure then gave the labelled Met-
enkephalin in 24 % yield and DALA in 10 % yield. Both peptides had a
radiochemical purity higher than 97 %. Chromatograms of the crude and
and purified products are shown in Figure 1.

The method discussed above has also been applied, with minor modi-
fications, to the synthesis of 11C-1abeHed Substance P.(7) The amino
acid sequence of this peptide includes a Lys-Pro peptide bond. This
oond is known to be particularly sensitive to the sodium/1iquid ammonia

(12)

reagent. In the 11C-]abe]h’ng experiments, the C-terminal octa-

peptide was thus obtained as a major labelled by-product. Besides, when

3

this method was used for synthesis of “H-labelled Substance P, the prod-

uct turned cut to be very sensitive to 3H-1H exchange during the puri-
(11)

fication procedures. Even when various recommended LC-conditions,

e.g., gradients of solutions of 0.005 % trifluoroacetic acid and 0.01 %
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Figure 1: Chromatograms of crude (a) and purified (b) S—(methy1-3H)-
Met-enkephalin and crude (c) and purified (d)-S-(methy1—3H)DALA
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mercaptoethanol in water and methanol or acetonitrile, were used, such
exchange occurred when the LC fractions were evaporated and dissolved
in absolute ethanol. The solution of the purified product thus con-
tained 10 to 20 % of total radioactivity, which eluted in the void
volume of the LC analysis, most likely corresponding to tritiated
water,

When S-(methy1-14C)Substance P was prepared using (14C)methy1 iodide
and the sarme reaction conditions as in the 3H-]abelh’ng of substance P,
these by-products were not formed., This implies that 3H—1H exchange 1is
important in the 3H-synthesis and that the by-products are not formed by
peptide degradation. Since the C-terminal octapeptide is of pharmaco-
logical interest, it was also collected during the LC purification. Mo
radioactivity eluted in the void volume of the LC analyses of the puri-
fied octa- and undecapeptide. Small amounts of the corresponding la-

14

belled sulphoxides were detected. The ''C-labelled Substance P was ob-

tained in 97 % radiochemical purity and 9 % radiochemical yield.

Chromatograms of the crude product (a) and the purified octa- (c¢) and

undecapeptides (b) are shown in Figure 2.
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Figure 2. Analysis of crude product (a) and purified S-(methyl-14C)SP
(b) and S (c).
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EXPERIMENTAL

General: (3H)Methy1 iodide (specific activity 87 mCi/umol) and (14C)-
methyl jodide (specific activity 60 uCi/umol) were obtained from
Amersham. FPreparative and analytical LC of the labelled peptides was
performed on an HP 1090 instrument equipped with a 250 x 4.6 mm FP-18

5 um column and a diode-array detector in series with a Raytest-Famona-

LS scintillation detector.
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Scheme 1

S-(methy]-aH)Met-enkeEha1in (I): (Scheme 1}. To a three-neck septum-

equipped reaction vial, 0.8 mg of N-Z-Tyr-G]y-G]y-Phe-Hcy(Bz])—0821(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 uL (1.25 nmol) of a toluene solution containring

10 mCi/mb of (3H)methy1 jodide, another septum-equipped vessel con-
taining 5 nL 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). Dry nitrogen gas was slowly bubbled through the solution
for 30 min at -50 °C. The solvents were then removed by gentle neating
and increasing the nitrogen gas flow. Constant attention was paid to
the flow in the pyridine/toluene solution to prevent escape of this

solution through the drying tower.
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Figure 3. Experimental set-up used in the syntheses of 3H- and C-

labelled peptides.

The solid residue obtained was dissolved in 300 uL MeOH/water
(1/1, v/v); 220 uL of this solution was purified in 20 ulL portions on
the 1090 LC-system using solutions of 0.01 % mercaptoethanol and 0.005
% trifluoroacetic acid in water and in methanol/water (70/30, v/v, (A))
and the following program: Time 0-9, linear gradient %A 40-80; time
9-11, linear gradient to %A 95; time 11-13, %A 95; with a flow of 2.0
mL/min and a column temperature of 40 Oc. Retention time of the prod-
uct was 7.2 min (Figure 1). After evaporation, the purified product
was dissolved in 3 mL of absolute EtOH with a trace of mercaptoethanol
and stored at -90 °C under nitrogen, as recommended by Stewart et a]ﬂ’”
Analysis of the purified product was performed using the conditions

mentioned above in connection with the purification.

S~ (methyl-H)Tyr-0-Ala-Gly-Phe-Met-NH, (I1): N-Z-Tyr-p-Ala-Gly-Phe-
Hcy(Bz])-NHz(wo) (1.0 mg) and sodium (0.6 mg) were dissolved in liquid
ammonia (0.5 mL) and the generated sulphide anion was reacted with
(3H)methy1 jodide (300 uCi (3.75 nmol) in 30 uL of toluene) as de-
scribed above. The purification procedures were also the same as in

the synthesis of 1. Retention time of the product was 7.3 min. Analysis

of the purified product was performed with the system described above

and an isocratic mixture of 70 % A, with a flow of 1.85 mL/min

(Figure 1}.
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S-(methy1-'%C)Substance P (I111) and S-(methyl- *C)Pro-Gin-Gln-Phe-Phe-

G]y—Leu-Met-NH2 (1V): N-Z-Arg-Pro-Lys-Pro-Gin-Gln-Phe-Phe-Gly-Leu-
Hcy(Bz])-NH2(7) (4.6 mg) was deprotected with sodium (2.2 mg) in
1iquid ammonia (0.5 mL) and the generated sulphide anion reacted with
("C)methyl iodide (10 uCi (0.17 umol) in 50 uL of toluene) as de-
scribed above. The solid crude product obtained on removal of the
solvents was dissolved in 0.5 mL of acetic acid (aqueous, 20 %) and
purified in 150 ul. portions on the 1090 LC-system using a gradient of
aqueous sodium dihydrogen phosphate (0.1 M, pH 3) and acetonitrile (B):
time 0-10, %B 17.5-35; time 10-12, %B 35-56; time 12-14, %B 56, with a
flow of 2 nL/min and UV-detection at 210 nm. Retention times for III
and IV were 7.3 and 8.3 min respectively (Figure 2). After evapora-
tion of the appropriate LC fractions, each product was dissolved in

acetic acid (20 %, 2.5 mL) containing 0.1 % (v/v) of mercaptoethanol

and stored at -20 °C.

Acknowledgements: This work forms part of projects financially sup-

ported by the Swedish Natural Science Research Ccuncil by grants

K-DT 1777-100, K-KU 3020 and K-KU 3464.

REFERENCES

1. Pande C.S., Rudick J., Ornstein L., Schwartz I.L. and Walter R. -
Mol. Pharmacol. 5:227 (1969)

2. Brundish D.E. and Wade R. - J. Chem. Soc.,Perkin Trans. 1:2875
(1973)

3. Sasaki A.N., Morgat J.-L. and Bricas E. - in Peptides 1980,

Ed. Brunfeldt K., Scriptor, Copenhagen, 1981, p. 224

4, Brundish D.E., Martin J.R. and Wade R. - J. Chem. Soc. Perkin
Trans. 1:2182 (1976)

5. Brundish D.E. and Wade R. - 1bid:318 (1981)



148 K. Ndgrenetal.

6. Nagren K., Ragnarsson U. and L&ngstrom B. - Int. J. Appl. Radiat.
Isot. 37:537 (1986)

7. Franzén, H.M., Négren K., Ragnarsson U. and Langstrom B. - J. Chem.

Soc.,Perkin Trans. 1: (in press, paper no. 6/1916)

8. Langstrom B., Antoni G., Gullberg P., Halldin C., Nidgren K.,

Rimland A. and Svard H. - J. Nucl. Med. (submitted)

9. Nigren K., L&ngstrom B. and Ragnarsson U. - Acta Chem. Scand.
B39:157 (1985)

10. N&gren K., Ragnarsson U. and Langstrom B. - This Journal, preceding

paper

11. Stewart J.M., Sundgvist C., Chang J.-K. and Terenius L. - J.

Labelled Compd. Radiopharm. 20:317 (1983)

12. Guttmann S. - in Peptides, Ed. Young G.T., Pergamon Press,
Oxford, 1963, p. 41



