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Synthesis and characterization of new endomorphin analogs with N-terminal
phosphonate
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Endomorphins are small endogenous neuropeptides that are produced by the body and act to reduce pain. They are
tetrapeptides with the highest known affinity and selectivity for the p-opioid receptor. This report refers to the synthesis
and characterization of novel endomorphin analogues containing phosphonate moiety. The new endomorphins with N-
terminal phosphonate were prepared using solid phase peptide synthesis by Fmoc chemistry. The phosphonate moiety
was incorporated by modification of Kabachnik-Fields reaction. The crude neuropeptides were purified on a reversed-
phase high-performance liquid chromatography and the molecular weights were determined, using electrospray
ionization mass-spectrometry, and also determining of the specific angles of optical rotation.
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INTRODUCTION

The numerous endogenous opioid peptides
(endomorphins, enkephalins, nociceptin, etc.) and
the exogenous opioids (such as morphine) exert
their effects through the activation of receptors
belonging to four main types: p, 8, k and €. The
endomorphins are a group of endogenous opioid
peptides consisting of endomorphin-1 (H-Tyr-Pro-
Trp-Phe-NH,) and endomorphin-2 (H-Tyr-Pro-Phe-
Phe-NH,). They are tetrapeptides with the highest
known affinity and selectivity for the p-opioid
receptor. Since chronic pain is notoriously difficult
to treat using currently available therapeutics, the
development of analgesics represents a major
pharmaceutical objective. Endogenous opioids are
intensively and extensively studied in search for a
new powerful analgesic, lacking the adverse effects
of most alkaloid opioids. Some of the greatest
achievements in medicine in theoretical and in
clinical aspect are connected with the research on
pain and especially on the development of analgesic
drugs [1-6].

Phosphonopeptides are phosphorus analogues of
naturally  occurring peptides containing a
tetrahedral phosphorus atom. Their importance is
obvious from the fact that they have been widely
used as enzyme inhibitors and, as happens in
catalytic antibody research, because they can be
considered as stable mimetics of tetrahedral
transition states in ester and amide hydrolysis and
formation [7-10]. To date, several efficient
synthetic routes have been developed for synthesis
of phosphonopeptides and phosphinopeptides,
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containing C-terminal  a-aminoalkylphosphinic
acids [11-10]. As part of our research, the synthesis,
the characterization and the biological activity of
new series of small peptides  with
aminophosphonates moiety as NOP receptor ligands,
have previously been described [13-14].

Herein, we report the synthesis and
characterization of novel endomorphin analogues
containing  phosphonate  moiety. The new
endomorphins with N-terminal phosphonate were
prepared using SPPS by Fmoc  (9-
fluorenylmethoxy-carbonyl) chemistry. The
phosphonate  moiety was incorporated by
modification of Kabachnik-Fields reaction. All of
the newly synthesized peptide was C-terminal
amides. It has been determined that the peptides
with C-terminal amide group are more resistant to
enzyme degradation and that their conformation
suits better the interaction with p-opioid receptors
[15,16].

RESULTS AND DISCUSSION

The new endomorphin analogues with N-
terminal phosphonate shown in Table 1 were
prepared with good yield by solid phase synthesis
using TBTU, an efficient peptide-coupling reagent.
Rink-amide resin was used as a solid-phase carrier.
All coupling reactions were performed, using for
amino acid/TBTU/HOBt/DIEA/resin a molar ratio
of 3/2.9/3/6/1. A 20%-piperidine solution in N,N-
dimethylformamide (DMF) was used to remove the
Fmoc group at every step. The phosphonate moiety
was incorporated by modification of Kabachnik-
Fields reaction. The peptidyl-resin with deprotected
amino group, as amino-component, was treated
with paraformaldehyde or benzaldehyde, as
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carbonyl component, in the presence of
triethylamine in methanol and dimethyl hydrogen-
H-phosphonate. With both the aliphatic and
aromatic aldehyde the reaction conditions were the
same. The reaction mixtures, monitored by Kaiser
test, were stirred at 65-70°C for 7 h and gave the
expected endomorphin  analogues containing
phosphonate moiety 1-6.

The coupling and deprotection reactions were
checked by the Kaiser test. The cleavage of the
synthesized peptide from the resin was done, using
a mixture of 95 % trifluoroacetic acid (TFA), 2.5 %
triisopropylsilan (TIS) and 2.5 % water.

After filtration of the exhausted resin, the
solvent was concentrated in vacuum and the residue

triturated with cool ether. The purity of the peptides
was checked by RP-HPLC, column:
SymmetryShield™ RP-18, 3.5y, (50 x 4.6mm),
flow: 1 ml/min, H2O (0.1 % TFA)/CHsCN (0.1 %
TFA), gradient 0—100 % (15 min) and 100 % (4
min). The crude peptides were purified using semi-
preparative HPLC, column XBridge™ Prep C18
10um (10 x 250mm), flow: 5Sml/min, H.O (0.1 %
TFA)/CH3CN (0.1 % TFA), gradient 20—70 % (20
min). The ESI mass spectra were recorded with a
platform 1l quadrupole mass spectrometer fitted
with an electrospray source. Optical rotations were
measured with a Perkin Elmer 341 polarimeter.

Table 1. Analytical data of synthetic peptides.

Ne Peptides

CESI MS: (MH)*
b tR, min

[a]o® ()

calculated found
1 0 o 4 1 -29 6.17 6103  611.2
o | | __—~N—cH-C—nNH,
H,N—CH-C—N C—N—cH-C C‘H
2 (‘3H J AHZ l '
-
2 o 0 o w1 -26 7.12 732.3 733.7
cho\UiH CNCHZUCHCH M/Nfi‘:Hf(:fNH
HCO/ C‘Hz oH [
7
3 o 0 o w1 -28 7.53 808.8 809.6
N E—UC‘*H”’@/N L
/ \ b, il
@ @
4 o oy I -31 458 571.6 572.2
ﬁ A7H7CH—Q/N7(\:H7C7NH2
HzN*i:*C—U C\H2 CH,
5 o 0 o u -27 6.20 693.7 694.7
H3CO\H7 _H_¢ j_ ‘-nch Q/Ni(\:H e
6 o 0 i -32 7.05 769.8 770.3

3 Optical rotation in methanol (¢ = 1) at 20 °C; ® tr is the retention time determined by HPLC; ¢ The mass ion (MH*) was

obtained by electrospray mass spectrometry.
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Fmoc-Rink Amide MBHA resin

Deprotection: 20% piperidine/DMF

Wash:  3x1 min. DMF
3x1 min. DCM
3x1 min. DMF

-NH;- Rink Amide resin
3eq. Fmoc — Phe/DMF
3eq. HOBt/DMF
3eq. TBTU/DMF
Wash by protocol

Fmoc —Phe— NH — Rink Amide resin

l Repeat step A

- Phe— NH — Rink — Rink Amide resin

3eq. Fmoc — AAyDMF
3eq. HOBt/DMF

3eq. TBTU/DMF
Wash by protocol

Fmoc — AA; — Phe— NH - Rink Amide resin

l Repeat step A

— AA3— Phe— NH - Rink — Rink Amide resin

Step A

Coupling

Coupling

The reactions of condensation with the appropriate | A,z phe, /Trp
Fmoc - amino acid and deprotection (Step A)
are repeated until the desired length peptide

Tyr — Pro - AA; —Phe— NH — Rink Amide resin

Scheme 1. Solid Phase Peptide Synthesis of endomorphin analogues.

0
O RCHO  (R=-H, -CeHy)
+

CH;0H
—p—0CHs
I ™ocH;
0
i 0 i
HICOH_‘U l—%—cx{—(‘l/ﬁi?{ic*mo
/ T~Z—HEN—CH-C—N CH,
H;CO 5
N Z=CHy CH, tH
CH-CgH;
4
o
0
O TFA/ H,0/ TIS
0
[ i '
H;C0—_ ﬂ _CH_(!/, —?H—C—NHE
/ T~Z—HN—CH-C—N CH,
H;00 CH
Z=CHy CHy !
-CH-CgH;
v
HN

OH

e RCHO  (R=-H,-Cell5)
CH30H +
p—0CH;

H_g\‘ocw

<|) 0
o 0 |
HBOO“--..J 0 | | H—ca-cR
I Lol
/g Bt
B0 z | ‘ CHy
Z=1CHy CH, B

CHCeH
OO
]
a a
H;CO, U g ﬁ ? k CHD) NH,
T — / — WHTLT Ny
o —F—cn-c |
H]CO/ Z—NH (ltﬂ C—x | o8
=-CHy; CH, HC
CH.CH;

Scheme 2. SPPS of endomorphin-1 and endomorphin-2 analogues.
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The synthetic routes for preparation of new
endomorphin analogues are shown in Scheme 1
and Scheme 2.

CONCLUSION

We describe the synthesis and characterization
of novel N-modified analogues of endomorphin-1
and endomorphin-2 with phosphonate moiety. The
newly synthesized compounds were obtained by
solid-phase peptide synthesis - Fmoc-strategy.
The phosphonate moiety was incorporated by
modification of Kabachnik-Fields reaction. The
neuropeptides were purified on an RP-HPLC and
the molecular weights were determined, using ES-
MS, and also determining of the specific angles of
optical rotation. The biological trials are in the
progress.
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CHUHTE3 1 OXAPAKTEPU3MPAHE HA HOBU N-MO/JUOUNITNPAHU AHAJIO3U HA
EHIAOMOP®UHUTE C ®OCOPOHATEH OCTATHK

Iersp T. Tomopos”, Ilers H. Tenena, 3natuna H. Ienosa, Emunus J. Haitnenosa

Xumuxomexuonoeuuen u Memanypeuuen Ynueepcumem, Kameopa ~Opeanuuna xumus”,
1756 Coghus, bvreapus,

[ocrermna va 07 oktomBpH, 2016 r.; Kopurupana Ha 18 sayapu, 2017 T.
(Pesrome)

EnmomopduHUTE Ca MKy €HAOICHHHU ONMMOMIHH HETTHIHN, KOUTO CE MPOU3BEXKIAT OT OpraHu3Ma M JACHCTBAT 3a
HamassiBaHe Ha Oosikara. Te ca TeTpamenTuau C Hali-BUCOK aQHUTET U CEJISKTUBHOCT KbM |L-OMMOUIHUS PELENTOp.
B crarusta Hue ommcBaMe CHHTE3a U OXapaKTEpU3UPAHETO HA HOBU €HAOMOP()HHOBM aHAJO3W, ChIbPIKAIIA
¢dbocdonarna rpyna. HoBure N-moaudumnmpanu anano3u Ha eHgoMopdunute, ¢ GpochoHaTeH OCTaThK 0fXa TMOTYyISHH
C TIOMOIITa Ha TBBpAOdA3eH MenTHACH cHuHTe3. DOoCPOHATHUAT OCTAaThK Oelle BbBEAEH upe3 MOoAudUKanus Ha
peakiusara Ha Kabaunuk-Owinc. HeBpomentuaure Osixa TPEYUCTEHM C TMOMOIITa Ha o00OpaTHO-(hazoBa
BHCOKOC(CKTHBHA TEYHA XpoMaTorpadus, 0sixa OmpeJesicHH W MOJCKYJIHATE UM MacH, U3IOI3BANKU eIeKTPOCIIpei
HOHM3aIIMOHHA MACCIIEKTPOMETPHS, a CHIO TaKa M CHCHU(UIHUATE BIITU HA ONTHYHO BBPTEHE.
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