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A simple, large-scale synthesis of a cytokine, methionine—enkephalin, Tyr-Gly—Gly-Phe—Met, has been
elaborated. Classical solution peptide chemistry methods without protection of amino acid side-chain functions
and 1+(2+2) segment condensation were used. A nine-step synthesis from commercial amino acid derivatives
was developed with yields ranging from 86% to 99%, averaging 92%. The purity of all intermediates was found
to be 99.0—100% by HPLC. The process has been used to prepare greater than 150 g quantities of the pentapep-
tide as a monohydrate of 100% purity. Hydantoin formation was observed during saponification of Boc-Tyr-

Gly-Gly—Phe-Met-OMe and minimised.
Key words

Methionine—enkephalin, Tyr—Gly—Gly—Phe-Met, and leu-
cine—enkephalin, Tyr—Gly—Gly—Phe-Leu, were first isolated
from pig brain® and identified in 1975. They belong to the
family of opioid peptides which have been associated with
regulation/modulation of a large number of physiological
processes.** It is well established that the opioid system af-
fects a number of parameters related to innate and acquired
immunity. Studies in vivo demonstrated biphasic effects, im-
munostimulatory or immunoinhibitory, depending on the
particular opioid agonist, dose and route of administration,
opioid receptor and immune response. Treatment in vitro
also revealed differential modulation of macrophage and
lymphocyte activities.® Of the two enkephalins, methionine—
enkephalin proved to be the more potent immunomodula-
tor.®”) Endogenous opioids are also of great significance with
regards to the stress induced growth of tumors.” It has been
clearly shown that they are inhibitory to oncogenesis and that
the key opioid peptide playing a role in cancer at physiologi-
cally relevant concentrations is methionine—enkephalin.®)
Clinical studies have indicated that this molecule is capable
of enhancing immune function in patients suffering from
multiple sclerosis,”” cancer® or AIDS.® Recently, it has
been proposed that methionine—enkephalin be classified as a
cytokine.”

The requirement for substantial quantities of methionine—
enkephalin for investigation of its action on the immune sys-
tem and clinical evaluation in autoimmune diseases, as well
as for cancer research, led us to undertake a synthesis of the
hormone. However, to the best of our knowledge, the litera-
ture describes syntheses of the peptide in milligram amounts
only'” and does not suit our need for a large scale prepara-
tion. An efficient synthetic pathway and improved methods
of purification must be developed for this bioactive peptide
in order to attain its full potential. We therefore decided to
elaborate such a process. To this end, the methods of
choice'' ™' are solution peptide chemistry, segment conden-
sation with conventional inexpensive methods of coupling,
and the concept of minimal protection of amino acid side-
chain functions. Herein, we present a convenient synthesis of
methionine—enkephalin, developed following these rules,
which allows the preparation of this compound in 1) substan-
tial quantities, ii) high purity and iii) good overall yield.
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Results and Discussion

The general plan for forming peptide bonds consists of 1+
(2+2) condensations with the methyl ester as a permanent C-
protection group and the Boc group for temporary N-protec-
tion, as detailed in Chart 1. Based on initial synthetic at-
tempts, we recognized three key problems: 1) Boc removal,
2) Boc—Gly—Gly incorporation, and 3) methyl ester hydroly-
sis.

1) The usual acidolytic cleavage of the Boc group can be
accompanied by the rert-butylation of the methionine
residue.'” Boc removal was investigated on Boc-Phe—
Met-OMe, the simplest of the three Boc-peptides dealt with.
Various methods were tested; Tos/dioxane advocated for se-
lective deprotection of alkylation-prone tryptophan contain-
ing peptides,'® HCl/dioxane used in a small scale methion-
ine-enkephalin synthesis,'” and HCI/MeOH'*'® as well as
HCVACcOH/EtSH?” verified in large scale syntheses of some
peptides. The first two reagents yielded impure crude mater-
ial. Although the resulting alkylated side-product decom-
poses during storage of crude product in the solid form,?"??
especially at elevated temperature,'®** we were not com-
pletely successful in removing all impurities by heating at
50—55°C (cf*”). On the other hand, HCI/MeOH and
HCVAcOH/EtSH led directly to HCl- H-Phe-Met-OMe of
98.5% and >99.1% purity, respectively, as determined by
HPLC. The latter reagent yielded 99% of the product and
further investigation established that the EtSH additive
proved dispensable. However, HCl-H-Phe-Met-OMe is
known to be hygroscopic. Exchange of the chloride for to-
sylate anion resolved this particular problem, giving a stable
salt suitable for the next step without any handling difficul-
ties. The HCI/AcOH was successfully applied to the removal
of the Boc group from Boc-tetra- and Boc-pentapeptide, and
the resulting pertinent hydrochloride salts were stable com-
pounds.

2) The most conventional prosegment for Boc—Gly-Gly
incorporation would be Boc-Gly-Gly-OMe or Boc-Gly—
Gly-OEt. However, we found that they did not crystallize
readily, and that saponification with alkali was accompanied
by extensive side-reactions and that the resulting acid Boc—
Gly-Gly-OH is water-soluble, rendering work-up rather
troublesome. Another standard prosegment Boc-Gly-Gly-
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Chart 1. Synthesis of Methionine—Enkephalin

1
TCH_co
HOC,H,CH ™ "N~ G-Gly-Phe-Met-OH
w20 O
HN o
OtBu
l - tBUOH

=0

H
c
HOCGH::CHQI/ :N/g;ICI—GIy-—Phe-Met—OH

(l:; o

o)
1 H,0

HOCH,CH,, 9
,CH .C
HOOC ﬁ

.

\N/E\C-Gly—Phe—Met—OH
H 2

Chart 2. Formation of the Urea Derivative from Boc-Methionine—
Enkephalin under the Influence of Aqueous NaOH

OBzl would require H,/Pd-C for the Bzl group removal. The
Pd catalyst is rather expensive and, moreover, the process de-
mands investment in a stirred pressure reactor. Therefore, we
turned to the so-called “backing off” approach, in which an
active ester serves as a temporary C-protection,*” and chose
the p-nitrophenyl ester. Boc—Gly—Gly—ONp was easily ob-
tained from Boc—Gly-OH and HCl-H-Gly—ONp, in 86%
yield and 99.5% purity, by means of CICOOisoBu and N-
methylmorpholine, and proved to be very effective as a cou-
pling agent. Aminolysis with H-Phe-Met—-OMe in the pres-
ence of HOBt afforded 97% of Boc-Gly—Gly—Phe-Met-
OMe of 99.2% purity as determined by HPLC.

3) Hydrolysis with aqueous alkali, the simplest and most
practical method for cleaving methyl esters may be accompa-
nied by various side-reactions.'”***) Among them, hydan-
toin formation at the alkoxycarbonyl protected N-terminus is
particularly well known when glycine is the second amino
acid in the sequence.'”* 2" The hydantoin formed opens up
with the production of a urea derivative.'"**~*" Hydantoin
formation is assumed not to take place, and so far has not
been observed,?® if the alkyl group is the hindered, electron-
donating fert-butyl, i.e. when we deal with the Boc protec-
tion. However, during hydrolysis of Boc—Tyr—Gly—Gly—Phe-
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Met-OMe with a standard 1~ aqueous NaOH solution, the
formation of a small quantity of a side product was observed,
which turned out to be the urea derivative, as presented in
Chart 2. Advantageously, the amount of byproduct could be
further reduced using more dilute, 0.5 v NaOH. Furthermore,
the urea compound and the main product differ in acidity.
This renders a mixture of their alkaline salts, formed upon
saponification, separable by simple fractional acidification
and an 86% isolated yield of Boc-Tyr-Gly—Gly—Phe-Met—
OH of 99.0% purity was easily obtained.

The remaining problems, apart from those described
above, were solved as follows. The reported syntheses of
Boc-Phe-Met—-OMe by conventional means using the ONp
ester,” DCC"* or DCC-HOBt* 3 give 70*—86%"
yields after standard peptide work-up. We applied the mixed
anhydride method with CICOOisoBu in the presence of N-
methylmorpholine. A 92% yield of the product with 100%
purity was obtained by precipitation of the peptide with
aqueous NaHCO, from the reaction mixture. Boc~Tyr—~OH
was best incorporated with DCC-HOBt. Contrary to the lit-
erature,'” we did not use an excess of Boc-Tyr-OH, yet ob-
tained a better yield, 90%, of chromatographically homoge-
nous (99.7%) Boc-Tyr—-Gly-Gly—Phe-Met-OMe. After re-
moving both terminal protecting groups, the final product,
methionine—enkephalin was liberated from its amino
group salt and purified using various chromatographic
processes.'” In this synthesis, the final operation of free bas-
ing the peptide from the hydrochloride salt, associated with
simultaneous purification was performed simply and inex-
pensively using triethylamine in an aqueous solution, from
which the free peptide crystallizes easily to give a 90% yield
of 100% pure product as a monohydrate.

In summary, starting from commercial amino acid deriva-
tives the elaborated synthesis of methionine—enkephalin con-
sists of nine steps, with yields ranging from 86% to 99% per
step. All intermediates were of 99.0—100% purity as deter-
mined by HPLC. The synthesis was checked by preparing
over 150 g of the pentapeptide in one batch.

Experimental

General Experimental Procedures CICOOisoBu and NMM were of
98% purity. Purified solvents were stored over drying agents. Reactions were
monitored, and the preliminary homogeneity of products was checked on
silica gel plates (DC Alufolien Kieselgel, 0.25 Merck #5553) using the
following solvent systems (v/v): A, CHCl;:acetone (1:1); B, CHCl;:
MeOH (9:1); C, CHCl;: MeOH : NH, concd. (6:5:1); D, CHCI;: MeOH :
dioxane : NH, concd. (12 :7:5:1); E, CHCl;: MeOH : AcOH (95:5:3); E
CHCl;: MeOH : AcOH (90:8:2); G, CHCl;: MeOH : AcOH: H,0 (60:18:
2:3); H, n-BuOH: AcOH:H,0 (4:1:1); I, AcOEt: n-BuOH : AcOH : H,O
(1:1:1:1); J, CiHg: MeOH:acetone : pyridine: AcOH (24:4:2:2:1); K,
AcOEt: pyridine: AcOH:H,0 (50:20:6:11); L, AcOEt: pyridine : AcOH :
H,0 (30:20:6:11). Solvents from reaction mixtures were removed in
vacuo on a rotary evaporator at a bath temperature not exceeding 30 °C. Mps
were determined on a Bdetius heating block and are uncorrected. HPLC
analyses were carried out using a Beckman System Gold chromatograph, a
5 ul loop, an Alltech Alltima, C,g, 5 11, 150X4.6 mm column, detection at
210 nm and a flow rate of 1 ml/min.

Methyl N-tert-Butoxycarbonyl-L-phenylalanyl-L-methioninate (Boc—
Phe-Met—-OMe) To a stirred solution of Boc—Phe—OH (239 g, 0.90 mol)
and NMM (101.1 ml, 0.90mol) in DMF (1.21), placed in a 51 reactor and
cooled to —20°C, CICOOisoBu (120.6 ml, 0.90 mol) was added at a rate
such that the temperature remained at —15—(—)20°C. After a further
10 min stirring, HCl- H-Met-OMe (179.7 g, 0.90 mol) and NMM (101.1 ml,
0.90 mol) were introduced. Stirring was continued at —20°C for 20h. 1m
aqueous NaHCO, (1.01) was then added in portions followed by water
(900 ml). The mixture was left standing for 1 h and the resultant precipitate
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filtered, washed abundantly with water and dried to give Boc-Phe-
Met—-OMe (340 g, 92%), mp 84—85 °C (lit. mps range from 72—73 °C*” to
93—95°C3"); Rf(C) 0.74, Rf (F) 0.77; t, (0.1% TFA : acetonitrile (35 :65),
v/v) 3.79 min, 100% purity.

Methyl L-Phenylalanyl-L-methioninate Tosylate Sesquihydrate (Tos-
H-Phe-Met—OMe-1.5H,0) Boc-Phe-Met-OMe (308 g, 0.75 mol), placed
in a 51 reactor was dissolved in 1.5N HCI/AcOH (2.51, 3.75 mol) and left
standing for 1 h. Tos-H,0 (150g, 0.788 mol) was then added, the solvent
evaporated, Et,0 (3.51) added and the solid filtered to yield the title com-
pound (344 g, 90%), mp 181—183 °C; Rf (D) 0.80, Rf (G) 0.67; tz (0.1%
TFA : acetonitrile (70:30), v/v) 3.88min, 99.24% purity. Anal. Calcd for
C,sH,,N,0,S - CH,CH,SO,H - 1.5H,0: C, 51.85; H, 6.52; N, 5.50. Found:
C,52.17; H, 6.25; N, 5.54.

p-Nitrophenyl Glycinate Hydrochloride (HCl-H-Gly-ONp) Boc—
Gly-ONp (222 g, 0.75 mol) was placed in a 51 reactor and dissolved in 1.7N
HCV/AcOH (3.751, 6.38 mol) and left standing for 1 h. The solvent was then
evaporated, Et,0 added (2.751) and the solid filtered to give HCl- H-Gly-
ONp (173 g, 99%), mp 170—173°C; t; (0.1% TFA : acetonitrile (80:20),
v/v) 4.73 min, 100% purity. Anal. Caled for CgHgN,O,-HCl: C, 41.30; H,
3.90; N, 12.05. Found: C, 40.92; H, 3.81; N, 12.10.

p-Nitrophenyl rer-Butoxycarbonylglycylglycinate  (Boc—Gly—-Gly—
ONp) To a stirred solution of Boc—Gly-OH (131.4 g, 0.75 mol) and NMM
(84.1 ml, 0.75mol) in CHCl; (1.51) in a 31 reactor and cooled to —15°C,
CICOOQisoBu (100.5 ml, 0.75 mol) was added at a rate such that the tempera-
ture remained at —10—(—)15 °C. After a further 10 min, HCI- H-Gly—-ONp
(174.5 g, 0.75mol) and NMM (84.1 ml, 0.75 mol) were introduced. Stirring
was continued at —15°C for 4h. The mixture was then washed with 5%
aqueous KHSO,, brine, 5% aqueous NaHCO; and brine and dried over
Na,SO,. The solvent was evaporated and the residue crystallized from
CHCly/n-hexane to give Boc-Gly—Gly-ONp (227 g, 86%), mp 110—111°C
(1it3? mp 110—111°C); Rf (A) 0.72, Rf (B) 0.59, Rf (E) 0.58; tz (0.1%
TFA : acetonitrile (60 : 40), v/v) 7.83 min, 99.50% purity.

Methyl N-tert-Butoxycarbonyldiglycyl-L-phenylalanyl-L-methioninate
(Boc-Gly—Gly—Phe-Met-OMe) To a stirred solution of Tos H-Phe-
Met-OMe- 1.5H,0 (275g, 0.54mol), HOBt-H,0 (82.7g, 0.54mol) and
Boc—Gly—Gly—ONp (191 g, 0.54 mol) in DMF (820 ml) in a 3 1 reactor, NEt,
(74.8 ml, 0.54 mol) was added dropwise. Stirring was continued for 23 h and
the DMF evaporated. To the residue, 5% aqueous NaHCO, (2.51) was added
and the product was extracted with EtOAc. The organic layer was washed
with brine, 5% aqueous KHSO, and brine, dried over Na,SO, and evapo-
rated. Et,0 (1.61) was added to the residue, and the solid filtered to give
Boc-Gly-Gly-Phe-Met-OMe (275g, 97%), mp 99—102°C (lit.'" mp
100—105 °C, 1it** mp 106 °C); Rf (E) 0.40, Rf (J) 0.64; t, (0.1% TFA : ace-
tonitrile (60 : 40), v/v) 7.92 min, 99.20% purity.

Methyl Diglycyl-L-phenylalanyl-L-methioninate Hydrochloride (HCI-
H-Gly-Gly-Phe-Met-OMe) Boc-Gly—Gly—Phe-Met-OMe (262 g, 0.50
mol) in a 51 reactor was dissolved in 1.58 HCI/AcOH (2.71, 4.1 mol) and
left standing for 1 h. The solvent was then evaporated, Et,0 added (1.81) and
the solid filtered to give HCl- H-Gly~Gly—Phe-Met-OMe (219 g, 95%), mp
202—206°C (lit."” mp 183—187°C); Rf (D) 0.57, Rf (G) 045; #
(water : acetonitrile (70 : 30), v/v) 3.47 min, 99.10% purity.

Methyl N-tert-Butoxycarbonyl-i.-tyrosyldiglycyl-L-phenylalanyl-L-me-
thioninate (Boc-Tyr-Gly—Gly—Phe-Met-OMe) To a stirred solution of
Boc-Tyr—OH (141g, 0.50mol), HCI-H-Gly-Gly—Phe-Met-OMe (231g,
0.50 mol) and HOBt-H,0 (76.6 g, 0.50 mol) in DMF (1.01) in a 31 reactor
and cooled to —10°C, NEt, (70 ml, 0.50 mol) was added dropwise followed
by DCC (103 g, 0.5 mol) dissolved in DMF (100 ml). Stirring was continued
at —5—0°C for 1 h and at 20 °C for 24 h. Solid was then filtered and DMF
evaporated. The residue, dissolved in Im NaHCO, was extracted with
CHCI, and the organic layer washed with 1 M NaHCO,, water, 5% aqueous
KHSO, and water. The solvent was evaporated and the residue crystallized
from acetone to give the protected pentapeptide (309 g, 90%), mp 147—
148°C (1it." mp 112—114°C, 1it.*» mp 113—115°C); Rf (F) 0.27, Rf (J)
0.49; £ (0.1% TFA : acetonitrile (60 : 40), v/v) 8.18 min, 99.67% purity.

N-tert-Butoxycarbonyl-L-tyrosyldiglycyl-L-phenylalanyl-L-methionine
(Boc-Tyr-Gly—-Gly-Phe-Met—OH) To a solution of Boc-Tyr-Gly-Gly—
Phe-Met—-OMe (241 g, 0.35 mol) in acetone (730ml) in a 51 reactor was
added 0.5 M NaOH (1.41), and followed after 1.5h by 1 M HCI (750 ml). The
solvents were evaporated and the residue dissolved in 5% aqueous NaHCO,
was extracted with EtOAc (2X500 ml). The aqueous layer was acidified with
1™ HCI to pH 45 and extracted with EtOAc. The organic layer was dried
over Na,SO, and evaporated and the product crystallized from EtOAc to
give the pentapeptide (203 g, 86%), mp 153—155°C (lit. mps range from
108—112°C> to 149—151°C'"); Rf (G) 0.61; t; (0.1% TFA : acetonitrile
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(60 :40), v/v) 4.49 min, 99.02% purity.

N-[1-Carboxy-2-(4-hydroxyphenyl)ethylaminocarbonyljdiglycyl-L-
phenylalanyl-L-methionine  (4-HOC,H,~CH,CH(COOH)NHCO-Gly-
Gly-Phe-Met-OH) The aqueous layer left after the extraction of Boc—
Tyr—Gly—-Gly-Phe-Met-OH was acidified to pH 3 and extracted with
EtOAc. The organic layer was washed with water, dried over Na,SO, and
evaporated. The residue was crystallized from MeOH/EtOAc to give the title
compound (18.8 g, 8.7%), mp 180183 °C; Rf (G) 0.21, Rf (H) 0.60, Rf (K)
0.34. *C-NMR (Tesla BS 567, 25.142 MHz, DMSO-d, with TMS) &: char-
acteristic of the carbonyl groups 157.53 (NHCONH), 168.51, 170.23,
170.98, 172.85, 173.67 (2XCOOH, 3XCONH). LSIMS(*) (AMD-604 In-
tectra, Germany, in a 5 : 1 mixture of dithiothreitol and dithioerythritol) m/z:
618 (15, C,gH,5N,0,S requires 618, M+H"), 205 (7), 182 (4, Tyr+H™), 177
(7, COMet+H"), 133 (21), 120 (100, PhCH,CHNH-+H™).

L-Tyrosyldiglycyl-L-phenylalanyl-L-methionine Monohydrate (H-Tyr-
Gly-Gly-Phe-Met—-OH-H,0) Boc-Tyr-Gly-Gly—Phe-Met (202 g, 0.30
mol), placed in a 51 reactor was dissolved in 1.3m HCI/AcOH (2.21, 2.9
mol) and after 1h the solvent evaporated. To the residue, Et,O (2.21) was
added and the resulted precipitate filtered, dissolved in water (2.01) and NEt,
(42 ml, 0.30 mol) was added to give after overnight standing crystals of the
free pentapeptide in the monohydrate form (159 g, 90%), mp 199—200°C.
Rf(C) 0.61, Rf(G) 0.22, Rf (1) 0.69, Rf (L) 0.73; tz (0.1% TFA : acetonitrile
(77:23), v/v) 6.44min, 100% purity. 'H-NMR (Tesla BS 567, 100 MHz;
DMSO-d, with TMS) &: characteristic of the particular amino acid residues
2.02 (3H, s, SCH;), 3.72 (4H, m, 2NCH,), 6.68, 7.02 (4H, 2d, J=8.4Hz,
CH,), 7,24 (5H, s, CH,), 8.60 (1H, brs, Tyr(OH)). Anal. Caled for
C,,H,N,0,8-H,0: C, 54.80; H, 6.30; N, 11.84. Found: C, 54.89; H, 6.38;
N, 11.72.
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