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Abstract—Based on the known coumarin-based prodrug system, a new meptazinol (Z£)-3-[2- (proplonyloxy) phenyl]-2-propenoic
ester (3) was designed and synthesized as prodrug to minimize the first-pass effect of meptazinol (1) and i improve the oral bioavail-
ability. The prodrug (3) showed a 4-fold increase in oral bioavailability over the parent drug meptazinol in rats.

© 2005 Elsevier Ltd. All rights reserved.

Acting as a mixed agonist/antagonist opioid analgesic,
meptazinol ((£)-3-(3-ethyl-1-methyl-hexahydro-1H-aze-
pin-3-yl) phenol, 1) has been marketed by Wyeth for
the treatment of moderate to severe pain since 1983!
and included in the British Pharmacopoeia in 1998.2 Un-
like other typical opiates, meptazinol showed less respi-
ratory depression and lower addictive potential.>
However, the clinical uses of meptazinol were still
restricted by its low oral bioavailability (8.69%).° Simi-
lar to some drugs with phenol groups, meptazinol was
easily metabolized by enzymes in liver and caused seri-
ous first-pass effect. New clinical applications, pharma-
cophores, and analgesic mechanism of meptazinol
were reported recently’!* both from Qiu’s group and
other researchers.

As part of a continuing effort in our laboratory to devel-
op novel meptazinol prodrugs as potential therapeutic
agents, Qiu and co-workers recently reported the syn-
thesis of three benzoyl esters (I-1II) as meptazinol pro-
drugs. Among these three esters, analogue III showed
enhanced bioavailability presumably due to an en-
hanced lipophilicity and metabolic stability.!" A couma-
rin-based esterase-sensitive prodrug system and its
application for the preparation of prodrugs of amines
and cyclic prodrugs of peptides'>2® have been reported
recently. The design utilized an esterase-triggering intra-
molecular lactonization of cis-coumarinic acid to release

Keywords:  Meptazinol,
Bioavailability.

* Corresponding author. Tel.: +86 021 54237595; fax: +86 021
54237264; e-mail: zbqiu@shmu.edu.cn

Coumarin-based prodrug; Synthesis;

0960-894X/$ - see front matter © 2005 Elsevier Ltd. All rights reserved.

doi:10.1016/j.bmcl.2005.08.016

the parent drug and coumarin.?*-3' The major outstand-
ing advantage of the prodrug system is that the hydroly-
sate coumarin has been found to be relatively nontoxic
in many clinical and laboratory studies.

It was of considerable interest to apply the coumarin-
based prodrug system for masking the phenol group of
meptazinol (1) for protection against the enzyme metab-
olism. Among the several previously reported carboxyl-
ated phenyl propenoic acid as masked coumarin
carriers, the propionyloxy group-substituted phenyl
propenoic acid (2) was specifically chosen as our carrier
molecule simply because it could be prepared mostly
efficiently among all the known acetyl, iso-propionyl,
and fert-butyryl coumarin carriers as described in the lit-
erature'? and the corresponding results of esterase kinet-
ics indicated that variations of the steric bulkiness of the
acyl group did not significantly affect the rate of the
release of the parent drug. Therefore, we designed and
synthesized meptazinol (Z)-3-[2-(propionyloxy)phenyl]-
2-propenoic ester (3) as a potential prodrug to explore
this potential. Coumarin was converted into (Z)-3-[2-
(propionyloxy)phenyl]-2-propenoic acid (2) in six steps
using a modification of literature procedures' with the
total productivity of 20.4% (Fig. 1). The spectrum of
(2) has confirmed a Z-configuration of double bond
based on a J value of 12.2 Hz,3?> which matched well
with the data reported in Ref. 13.

Coupling of meptazinol (1) with (Z£)-3-[2-(propionyl-
oxy)phenyl]-2-propenoic acid (2) was accomplished in
the presence of 1,3-dicyclohexyl carbodiimide (DCC)
and 4-dimethylaminopyridine (DMAP) to give the


mailto:zbqiu@shmu.edu.cn

4954 Q. Xie et al. | Bioorg. Med. Chem. Lett. 15 (2005) 4953-4956

0
HOH,C TBDMSOH,C TBDMSOH,C,
o ‘ LIAIHy/0°C/15min  HO || _TBDMS-CI/DMAP/0°C/14hr HO || (CHoCH,CO);0/DMAP/TEA CHyCHCOO |
40% 72% 100%
4 5 6 7
HOH,C OHC HOOC
H,O:THF:HOAc(1:1:3) CHsCH,COO | MnO,  CHyCH,COO | NaClOy/H,0,10°c ~ CHaCHCOO |
100% 79.3% 89.5%
8 9 2

Figure 1. Synthesis of the carrier molecule (2). TBDMS, fert-butyldimethyl silyl; DMAP, 4-dimethylaminopyridine.

phenol ester (3) in 69% yield.>* The synthetic route is
outlined below (Fig. 2). The structures of the base and
hydrochloride of this prodrug were determined by
NMR, IR, and HR-ESI.3*

As suggested by Franklin et al.>> a good correlation was
observed between meptazinol’s analgesic potency and its
plasma concentration. Thus in our hand, oral bioavail-
ability, which in turn indicated the bioactivity, of the
prodrug and of the parent drug was measured in rats,
respectively.

The bioavailability evaluation was designed as a three-
way cross-over study. Six rats were divided into three
groups randomly and evenly. During each period, there
is a 7 days’ wash-out time. The routes of administration
in each period for each rat were listed in Table 1.

OH

As known to us, the prodrug can be hydrolyzed to mep-
tazinol by the plasma esterase in vitro after the blood
sample is collected, which can result in the concentration
of meptazinol determined to be higher than the actual
concentration. To prevent the above case occurring,
the esterase inhibitor Na,S,05 was quantitatively added
to the plasma sample immediately after blood sample
was collected and centrifuged.3® The HPLC system
was optimized on Frost.?’

Listed in Table 2 are the area under curve (AUC)
and absolute bioavailability (F%) of meptazinol via
intravenous (iv) versus intragastric (ig) administration
as well as that of the meptazinol prodrug via ig
administration. The corresponding mean plasma
meptazinol concentration—time curves are shown in
Figure 3.

HoOC CH3CH,CO0 |
CH, CHiCH,CO0 | (1)DCC/DMAP o=c
N +
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GHa
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1 2 3
Figure 2. Synthetic route of the meptazinol prodrug (3).
Table 1. The routes of administration in each period for each rat
No 1 2 3 4 5 6
Period 1 A A B B C C
Period 11 B B C C A A
Period 111 C C A A B B

A, iv 29.7 pmol/kg meptazinol; B, ig 92.8 umol/kg meptazinol; C, ig 92.8 umol/kg prodrug.

Table 2. AUC and absolute bioavailability of meptazinol and prodrug

(n=16) Meptazinol (iv)

29.7 pmol/kg

Meptazinol (ig)
92.8 umol/kg

Prodrug (ig)
92.8 umol/kg

Mean SD Mean SD Mean SD
AUC_o (ng h/ml) 1985.53 533.82 712.63 118.69 2631.78 1385.30
% 12.12 3.57 51.75 32.99

@ F% = (AUCo_10 (ig/92.8)/(AUCy_10 (1/29.7).
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Figure 3. Mean plasma meptazinol concentration—time curves after iv
and ig administration of meptazinol and ig administration of prodrug
in rats.

The absolute bioavailability of meptazinol prodrug (3)
via ig administration was 51.75% £ 32.99% (n = 6). This
indicated a more than 4-fold increase over the value ob-
tained for meptazinol, 12.12% * 3.57%. Based on the
two sides #-test (P <0.01), differences in the values of
AUCy 1o and F% between the two groups suggested
great statistical significance.

propionyloxy)phenyl]-2-propenoic  meptazinol ester
hydrochloride (3), was designed and synthesized to
minimize the first-pass effect of meptazinol and en-
hance the oral bioavailability. Biological evaluation
data indicated that there was a 4-fold increase in oral
bioavailability of this prodrug compared to the parent
drug meptazinol. This coumarin-based prodrug showed
a superior oral bioavailability to the earlier reported
meptazinol benzoyl esters.'! These results highlight
the potential of using coumarin-based esterase-sensitive
system as a prodrug template for other drug molecules
besides meptazinol.
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