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Aim: To identify 4 unknown metabolites of benproperine (BPP, 1) in human urine
after a po dose, and to investigate the antitussive effect of monohydroxylate
metabolites. M ethods: The putative metabolite references were prepared using
chemical synthesis. Their structures were identified using *H and **C nuclear
magnetic resonance, and mass spectrometry. The metabolitesin human urine
were separated and assayed using liquid chromatography-ion trap mass spec-
trometry (LC/MS/MS), and further confirmed by comparison of their mass spectra
and chromatographic retention times with those of synthesized reference
substances. The antitussive effects of metabolites were evaluated on coughs
induced by 7.5% citric acid in conscious guinea pigs. Results: 1-[1-Methyl-2-[2-
(phenylmethyl)phenoxy] -ethyl]-4-piperidinal (2), 1-[1-methyl-2-[ 2-(phenylmethyl)
phenoxy] ethyl]-3-piperidinol (3) and their glucuronides 4 and 5 were obtained
from chemical synthesis. Four urinary metabolitesin human urine showed peaks
with the same chromatographi ¢ retention times and mass spectrain LC/IMS/MS as
synthetic substances 2, 3, 4and 5. Phosphates of compounds 2 and 3 prolonged
the latency of cough and reduced the number of coughs during the 3 min test
using citric acid, but did not reducethe number of coughs during the 5 minimme-
diately after the test in conscious guinea pigs. Conclusion: Compounds 2, 3, 4,
and 5 were identified as the metabolites of BPPin human urine. Among them,
compounds 2 and 3 areinactivein the antitussive effect.
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cokinetic, pharmacological, and toxicological properties.
Activated metabolites are sometimes drug candidates for
the treatment of a variety of diseases.

In our previous research, 5 mono-hydroxylated metabo-
lites of benproperine and their conjugates were detected in
human urine and 2 of them that were hydroxylated in phenyl
rings have been identified. Mass spectraindicated that the
other 2 mono-hydroxylates were probably hydroxylated in

Introduction

Benproperine, 1-[ 1-methyl-2-[ 2-(phenylmethyl) phenoxy]
ethyl]-piperidine (BPP, 1, Figure 1) iswidely used asacough
suppressant for non-productive coughs. It hasaperiphera
and central action and can be given to humans po in forms of
embonate or phosphate”. The antitussive activity is com-

parable to that of codeine, but is devoid of the undesirable
codeine’s side effects?.

In general, drugs are metabolized to more polar, hydro-
philic entities, which can be excreted from the body more
easly. At the sametime, drugs can be inactivated, be acti-
vated or becomeatoxicant. Thereisagrowing interestin
identifying metabolites and in establishing their pharma-
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the piperidyl ring®¥. Toidentify metabolites, liquid chroma-
tography-tandem mass spectrometry isan efficient approach,
which isused widey*®. A comparison of the high perfor-
manceliquid chromatography (HPLC) retention times, aswell
as MS/IM S spectra of putative metabolite and authentic
standard, might be sufficient to makea more definitiveiden-
tification!4.

1519



Li Y et al

Acta Pharmacologica Sinica ISSN 1671-4083

The purposes of the present study was to synthesize 4
putative benproperinemetabolites: 1-[1-methyl-2-[ 2-(phenyl-
methyl) phenoxy] ethyl]-4-piperidinal (2), 1-[1-methyl-2-[2-
(phenylmethyl) phenoxy] ethyl]-3-piperidinal (3), aswell as
their glucuronides 1-O-[ 1-[1-methyl-2- [2-(phenylmethyl)
phenoxy] ethyl]-piperidin-4-yl]-B-D-glucopyranosiduronic
acid (4) and 1-O-[1- [ 1-methyl -2-[ 2-(phenyl methyl ) phenoxy] -
ethyl]-pi peridin-3-yl]-B-D-glucopyranosiduronic acid (5)
(Figure 1), to identify the chemical structures of the metabo-
lites and to eval uate the antitussive effects of 2 and 3 phos-

phates.
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Figure 1. Benproperine and its possible metabolites

Materials and methods

Instrumentsand chemicals Melting pointswere deter-
mined in open capillary tubes and the thermometer was
uncorrected. MS/MS spectra were recorded on a Finnigan
LCQ ion trap mass spectrometer via an electrospray ioniza-
tion (ESI) sourcein positiveion detection mode. *H and *C

NMR spectra were recorded on a Bruker ARX-600 instru-
ment with tetramethylsilane as an internal standard. Ultra-
violet (UV) spectra were recorded on a Shimadzu UV-2201
instrument.

3-Piperidinol hydrochloride and 4-piperidinol were ob-
tained from the Aldrich Chemical Co. We prepared 1-[2-
(phenylmethyl)phenoxy]-2-propanol p-toluensulfonate (6)
ourselves, according to published procedures”®, from o-
benzyl phenal, which waskindly supplied by Aosen Pharma-
ceutical Co. Methyl (2,3,4-tri-O-acetyl-1-O-trichl oroaceti-
midoyl)-o.-D-glucopyranuronate(7) was prepared by us, ac-
cording to Soliman et al' from D(+)-gl ucuronol actone, which
was obtained from Wako Chemical Co. The structures of 6
and 7 wereidentified using *H and ®*C NMR. Column chro-
matography was carried out on silicagel BW-820MH, which
was obtained from Fuji Silysia Chemical Co. Benproperine
phosphate capsule was obtained from Shenyang Pharma-
ceutical Co. Benproperine phosphate was kindly supplied
by Aosen Pharmaceutical Co and was recrystallized by us;
the purity was 98.5% by HPLC. Citric acid was obtained
from Shenyang Dongxing Reagent Factory. Test compounds
and citric acid used to investigate antitussive were all dis-
solved in physiological saline. Methanol wasof HPLC grade,
and the other chemicals used were of analytical grade. Dis
tilled water, prepared from demineraized water, wasused in
LC/MSMS.

The putative metabolites were synthesized with the pro-
cedure shown in Figure 2.

1-[1-Methyl-2-[2-(phenylmethyl)phenoxy]ethyl]-4-
piperidina (2) Atota of 3.64 g (36.0 mmol) of 4-piperidinol
and 3.6 g (9.0 mmal) of 1-[2-(phenylmethyl)phenoxy]-2-pro-
panol p-toluensulfonate(6)!"# were fused on an oil bath at
100°C for 3 h, and stirred. After cooling to an ambient
temperature, 15 mL of water wasintroduced. The resultant
was extracted with dichloromethane (20 mLx3). The com-
bined dichloromethane extracts were washed with water and

~

OTs
Y
1]

. Piperidinol, 100°C, 2 h, 82%-85%:

H,C00C
II. AcO

AcO AcQ

OC(NH)CCI,
111. Na,CO,aq., MeOH, rt, 2.5 h.

1520

7, CH,Cl,, rt, 48 h, 52%~54%;

v

HCOOC
§R'= AcO 0 R=H
AcO ™~
AcO)
H,CO0C ] )
9R'=H R — Am%o Figure 2. Synthesis of benpro-
Ac O ~ perine metabolites 2, 3, 4, and

5.



Http://www.chinaphar.com

Li Y et al

brine, and dried over anhydrous sodium sulfate. The sol-
vent was removed under reduced pressure, leaving a brown
oil. Theresduewaspurified using slicagel column chroma-
tography, euting with CHCI,/MeOH to leave thetitled com-
pound 2 (2.49 g, 85.3%) asapae-ydlow ail. Theail 2(2.49 g,
0.77 mmoal) wasdissol ved in an aqueous solution of 0.3 mol/L
H;PO, (25 mL) and the water was removed under reduced
pressure. Theresduewasrecrysallized from ethanal, leav-
ing phosphate of 2 (2.60 g, 80.2%) as a colorless needle.

1-[1-Methyl-2-[2-(phenylmethyl)phenoxy]ethyl]-3-
piperidina (3) 3-Piperidinol wastreated asin theprocedure
described for 4-piperidinal, leaving 3 as a pale yellow oil
(82.1%) and its phosphate of 3 as awhite powder.

1-O-[1-[1-methyl-2-[ 2-(phenylmethyl)phenoxy] ethyl] -
piperidin-4-yl]-B-D-glucopyrano-sidur onic acid (4) Phos-
phate of 2 (85 mg, 0.20 mmol) was suspended and stirred in
CH.CI, (4.0 mL) at -15°C under N, atmosphere. BF; Et,O
(10 pL) wasadded toin oneportion. After 10 min of stirring,
methyl (2,3,4-tri-O-acetyl-1-O-trichl oroacetimidoyl )-o.-D-
glucopyranuronate(7)™ (95 mg, 0.20 mmol) was added. Stir-
ring wascontinued for 48 h at an ambient temperature. EtOAC
(50 mL) was added, and the mixture was washed with satu-
rated Na,CO; aqueoussol ution (10 mLx2) and brine(10 mL),
and dried over Na,SO,. The solution was evaporated and
purified on silicagel column chromatography, eluted with n-
CeHu-EtOACc-MeOH in gradient. 1-O-[1-[1-Methyl- 2-[2-
(phenylmethyl) phenoxy] ethyl]-pi peridin-4-yl]-2,3,4-tri-O-
acetyl-p-D-glu-copyranosiduronic acid methyl ester (8, 65
mg, 50.4%) was obtained as a col orless syrup. Compound 8
was dissolved in MeOH (2 mL), and Na,CO, agueous sol u-
tion (0.1 moal/L, 1 mL) wasadded at an ambient temperature
and gtirred. After 2.5 h of stirring, the mixturewas desalted
and concentrated. Thetitled compound 4 was obtained as a
colorless syrup.

1-O-[1-[1-methyl-2-[ 2-(phenylmethyl)phenoxy] ethyl] -
piper idin-3-yl]-B-D-glucopyr anosidur onicacid (3-OH-BPP
glucuronide, 5) Phosphate of 3 wastreated asin the proce-
dure described abovefor phosphate of 2 to give the interme-
diate9. Then, thetitled compound 5 was obtained asa pale-
yellow syrup after hydrolysis.

Urine sample Seven healthy male volunteers, whose
mean (SD) age and weight were 22.7 (0.6) yearsand 62.2 (5.6)
kg, gave written informed consent to take part in the study
and local ethics approval was obtained. Each of the volun-
teers swallowed 3 benproperine phosphate capsules (60 mg
BPP) with 200 mL of water. Urine sampleswerecollected at
0 h—24 h. Blank urinewas collected from the same volunteer
directly before being given the capsules. Theurine samples
werestored at -20°C until analysis.

A 1.0 mL urine sample wasfiltered through 0.45 um of
precut membrane. Thefilter was applied to a3.0-mL Bond-
Elute Czcartridge (0.5 g slicagel) preconditioned with 2 mL
aliquots of methanol and water. After loading the sample,
the column was washed with 1 mL of water. Metabolites
were eluted with 1 mL of methanol. The eluate was evapo-
rated to dryness at 40°C under a gentle stream of N,. The
residue was dissolved in 100 uL of the mobile phase. A 20-
uL aliquot of the resulting solution was injected onto the
LC/MS/MS system for analysis.

A 1.0 mL portion of blank urine samplewastreated asin
the above procedure, in which the solutions of putative me-
tabolites (2, 3, 4, or 5) in mobile phase were used instead of
mobile phase to obtain the spiked urine sasmplefor LC/IMSY
MS analysis.

L C/M SM Sanalysisand identification of metabolites A
Shimadzu L C-10AD pumpwasusedin theLC/MS/MSsystem.
Chromatography was performed on aDiamonsil C,g column
(150%4.6 mminner diameter,5 um, Dikma), whichwascoupled
with a Security Guard C,5 guard column (4x3.0 mm inner
diameter, Phenomenex). Thecomponents were e uted with
an isocratic mobile phase of methanol-water-formic acid
(50:50:1, v:v:v), and theflow ratewas 0.5 mL/min. Thecal-
umn temperature was maintained at 25 °C. A Finnigan LCQ
ion trap mass spectrometer interfaced with liquid chroma-
tography viaan el ectrospray ionization (ESl) sourcewasused
for massanalysisin positiveion detection mode. The capil-
lary voltagewasfixed at 16 V, and itstemperature was main-
tained at 200 °C. The spray voltagewasset at 4.25kV. The
HPLC fluid was nebulized using N, as both the sheath gas at
aflow rate of 0.75 L/min, and the auxiliary gas at a flow
rate of 0.15 L/min. The MS/MS spectrawere produced by
callision-induced dissociation (CID) of the selected precur-
sor ionswith He present in the mass analyzer, and therela-
tive collision energy was set at 30%—40%. Data were col-
lected and analyzed using the Navigator software (version
12).

Animals Dunkin Hartley guinea pigs of both sexes,
weighing 200-300 g (Experimental Animal Center of Shen-
yang Pharmaceutical University, Shenyang, China) were
used. All animal sudieswerein accordance with the Regu-
lations for the Administration of Affairs Concerning Experi-
mental Animals(China, 1988) and Implementing Regulations
of the Administration on Medical Experiments on Animals
(China, 1989). Theguineapigswere maintained in sandard
animal rooms, with food and water fregly available, and on a
natural light-dark cycle. They were allowed to adapt to the
conditionsfor at least 1 week before being used in experi-
ments.
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Investigation of antitussve effect Theantitussive effect
of BPP, 2 and 3 phosphates was evaluated in conscious
guinea-pigsagaingt citric acid-induced coughs™*. Guinea
pigs wereplaced individually in atransparent plexiglass cyl-
inder chamber (10 cmx10 cmx21 cm) and exposed to anebu-
lized solution of 7.5% citric acid for 3 min. An ultrasonic
nebulizer (402 Al, Shanghai Yuyue Medical Facilities) was
used to produce an aerosol with particleswith an aerody-
namic massmedian diameter of 1 mm; thevolume of solution
aerosolized was approximately 0.6 mL/min. Animalswere
selected for the study according to the number of coughs
observed 24 h before thetest, and animalswith morethan 20
or fewer than 6 coughs during the 3 min test were not used.
The compounds and the vehicle (physiological) saline were
givenip (2 mL/kg) for 1.5 h (for BPPxH;PO,) or for 40 min (for
2xH4PO, and 3xH,PO,) beforethetest. Thenumber of coughs
during the 3 min test and during the5 min immediately after
the test was determined. The animalswith different doses
(3 mg/kg, 9 mg/kg, 27 mg/kg for 2xH,PO, and 3xH,PO,, 27
mg/kg for BPPxH,PO,) of drugsand thevehicleweregrouped
according to arandom table. Animalswere used only once
because of tachyphylaxis of the cough response. Coughing
sounds wererecorded and amplified usng a microphone and
loudspeaker. During the experiment, the animalswere con-
tinuously watched by a trained observer who was unaware
of thetreatment. Sneezesand coughs were differentiated by
visual observation of the animals.
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Statistical analysis Pharmacological results are repre-
sented as mean+=SEM. Data were analyzed using one-way
analysis of variance (ANOVA). Whenever ANOVA was
significant, further comparisons between vehicle- and drug-
treatment groups were performed using Dunnett’s t-test.
The above analysis was performed using the software SPSS
V11.0for Windows.

Results

Chemical synthesis Compound 6, which was synthe-
sized from 2-benzyl phenol™®, was fused with 4-pi peridinol to
give2in 85% of yidd. 3-Piperidinal wastreated according to
the procedure for 4-piperidinol to give 3 in 82% of yield.
Glucuronides were synthesized from mono-hydroxylates (2
and 3) treated with trichloroacetimidate donor (7) followed
by basic hydrolysis (Figure 2). The structures of products
were identified using ESI-MS, 'H NMR, and *C NMR
(Table1).

M etabalitesof benpr operine Comparedwith correspond-
ing blank samples, the urineafter being given of BPP showed
5 peaks corresponding to hydroxylated metabolites and 5
peaks corresponding to their glucuronidesin LC/MS/MS
analysis(Figure 3).

MetabolitesM1 and M2 M1 and M2 gave the same
pseudo-molecular ions [M+H]" at m/z 326, similar MSIMS
spectra (Figure 4), but different retention times (Figure 3),
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Figure 3. Liquid chromatography-ion trap mass spectrometry SIM chromatogram of blank urine spiked with synthetic references 2, 3, 4, and
5 (A and D), urine sampl e after benproperine administration (B and E), and blank urine sample (C and F). (SIM: Selected ion monitoring; NL:

Normalized level).
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Table 1. Data of benproperine metabolites. Ultraviolet (UV) and melting point (Mp) data are of corresponding phosphates. MS: Mass
spectrum.

Compound H § (ppm) BC § (ppm) MS UV-vis Mp (°C)
2 CDCl;.1.11(3H, d, J 6.8 Hz, H-9), 1.54 (2H, CDCl,. 13.2 (C-9), 34.7 (C-3 and MS 269 nm, 168-170
m, H-3a and H-5a), 1.67 (2H, m, H-3e and C-5), 36.1 (C-10), 46.8 (C-2 and 326, e 1.9x10°
H-5€), 2.41(2H, m, H-2a and H-6a), 2.81 C-6), 58.4 (C-7), 67.9 (C-4), 69.7 MS? A e H0)

(2H, m, H-2e and H-6¢), 3.05 (1H, m, H-7), (C-8), 111.1 (C-16), 120.5 (C-14), 142,
3.62 (1H, m, H-4), 3.88 (1H, m, H-8), 3.98 125.7 (C-20), 127.4 (C-15), 128.2 308
(2H, s, H-10), 4.02 (1H, m, H-8), 6.88 (2H, (C-19 and C-21), 128.7 (C-18 and

m, ArH), 7.08 (1H, m, ArH), 7.25 (6H, m, C-22), 129.4 (C-12), 130.7 (C-13),

ArH) 141.0 (C-17), 156.5 (C-11)

3 CDCl,. 1.11(3H, d, J 6.8 Hz, H-9), CDCl;. 13.1 (C-9), 21.9 (C-5),31.8 MS 269 nm, 147-149
1.50-1.75 (4H, m, H-4 and H-5), 2.40-2.64 (C-4), 36.1 (C-10), 50.0 (C-6), 56.4 326, ¢ 1.9x10°
(4H, m, H-2 and H-6), 3.01 (1H, m, H-7), (C-2), 58.4 (C-7), 65.9 (C-3), 69.6 MS? (ArasH20)
3.75 (1H, m, H-3), 3.82 (1H, m, H-8), 3.98 (C-8), 111.1 (C-16), 120.5 (C-14), 308,
(2H, s, H-10), 4.02 (1H, m, H-8), 6.88 (2H, 125.7, 127.4 (C-15), 128.2 (C-19 142
m, ArH), 7.08 (1H, m, ArH), 7.25 (6H, m, and C-21), 128.7 (C-18 and C-22),

ArH) 129.4 (C-12), 130.6 (C-13), 141.0
17), 156.6 (C-11)

4 CD,0D. 1.00 (3H, d, J 7.2Hz, H-9), 1.50 MS
(2H, m, H-3a and H-5a), 1.84 ( 2H, m, H-3e 502,
and H-5e), 2.25-2.35 ( 2H, m, H-2a and H- MS?
6a), 2.72 (2H, m, H-2e and H-6¢), 2.87 (1H, 326,
m, H-7), 3.10 (1H, m, H-3"), 3.31 (2H, m, MS®
H-2' and H-4"), 3.45 (1H, d, J9.6 Hz, H-5'), 142,
3.67 (1H, m, H-4), 3.81 (1H, m, H-8), 3.87 308
(2H, s, H-10), 3.93 (1H, m, H-8), 4.27 (1H,

d, J 7.8Hz, H-1"), 6.78 ( 1H, m, ArH), 6.83
(IH, m, ArH), 7.03 (4H, m, ArH), 7.10 (3H,
m, ArH)

5 CD,0OD. 1.00 (3H, d, J 7.2Hz, H-9), 1.50 MS
(2H, m, H-4a and H-5a), 1.68 ( 2H, m, H-4e 502,
and H-5e), 2.42 ( 2H, m, H-2a and H-6a), MS
2.52 (2H, m, H-2e and H-6€), 2.81 (1H, m, 326,
H-7), 3.13 (1H, m, H-3"), 3.30 (2H, m, H-2’ MS3
and H-4"), 3.45 (1H, m, H-5), 3.70-3.93 308,
(3H, m, H-8 and H-3), 3.87 (2H, s, H-10), 142

4.46 (1H, d, J 7.8Hz, H-1'), 6.97 ( 1H, m,
ArH), 7.03 (1H, m, ArH), 7.09 (4H, m, ArH),
7.10 (3H, m, ArH)

indicating that they were isomers. Their pseudo-molecular
ionswere 16 u higher than that of the parent drug, indicating
the addition of a hydroxyl group to the parent drug.

The M S? spectraof M1 and M2 displayed the same frag-
ment ionsat m'z308 and m/z 142 (Figure 4). Thepresence of
the prominent ion at m/z 308 was 18 u lower than precursor
ions, indicating the loss of awater molecul e from pseudo-

molecular ions and further proving the presence of hydroxyl
group. The presence of theion at m/z 142 indicates that the
hydroxyl group was in the piperidyl propanyl moiety.
However, the MS/M S data did not provide useful informa-
tion for assigning the exact steof hydroxylation. Therefore,
M1 and M2 were definitely confirmed by comparing their
retention time and mass spectra with synthesized 2 and 3
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Figure 4. MS/MS spectra of benproperine metabolites (synthetic references 2, 3, 4, and 5).

(Figures 3 and 4). M1 possessed the same retention time
and mass spectrawith 2, and was confirmed as 1-[ 1-methyl-
2-[2-(phenylmethyl)-phenoxy] ethyl]-4-piperidinol and, in
the same way, M2 was identified as 1-[1-methyl-2-[2-
(phenylmethyl) phenoxy]-ethyl]-3-piperidinadl.
MetabolitesM 3 and M4 M3 and M4 gave the same

1524

pseudo-molecular ions[M + H]* at m'z502, which were 176 u
higher than monohydroxylate metabolites, indicating conju-
gation of aglucuronic acid. TheMS* spectraof M3 and M4
displayed same fragment ions at m/z 326, which possessed
the same mass to charge ratio as the pseudo-molecular ions
of M1 and M2. The MS® spectra of M3 and M4 displayed
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thefragment ionsat m/z308 and nYz 142, which were consis-
tent with MS? spectraof M1 and M2, respectively (Figure 4).
It indicated that M3 and M4 were the glucuronides of M1
and M2, respectively. Thefurther confirmation was obtained
by comparing their retention timesand MS/M S spectrawith
thesynthesized glucuronides4 and 5 (Figure 3and Figure 4).
M3 wasidentified as 1-O-[ 1-[ 1-methyl-2-[ 2-(phenylmethyl)
phenoxy]-ethyl]-piperidin-4-yl]-p-D-glucopyranosiduronic
acid. In the same way, M4 was identified as 1-O-[1-[1-
methyl-2-[2-(phenylmethyl)phenoxy] ethyl] -piperidin-3-yl]-8-
D-glucopyranosi duronic acid.

Thepeaksat 4.6 minand 6.7 min (Figure 3) corresponded
to the two identified monohydroxyl ate metabolites®. Two
peaks gave the same pseudo-molecular ions[M + H]* at m/z
326. TheMSMS spectrashowed the fragment ion at m/z163
and 126 for the peak at 4.6 min and m/z 126 for the peak at
6.7 min, respectively.

Pharmacology Exposuretoanebulized solution of 7.5%
citricacid aerosol caused coughingin control animalswithin
88.1+5.9 s (n=10), and both test compounds prolonged the
latency of cough without dose-dependency as shown in
Table2. Immediately after exposureto citric acid, thereisa
hypersensitive period and the animals tend to cough
continuously. For the control group, the number of coughs
during the 3 min test was8.2+1.2; all three compoundssig-
nificantly decreased the number of coughs during the 3 min
test, but 2 and 3 failed to decrease the number of coughs
during the5 minimmediately after thetest (Table 2).

Discussion

In synthesis of putative metabolites 4 and 5, the form of
basi c acceptor, reaction promoter, and the order of addition
are all important variablesin glucuronidation. The strong
el ectron-withdrawing character of the 63-methoxycarbonyl

Table 2.
Mean+SD. "P<0.05, °P<0.01 vs vehicle.

group in any activated glucuronate makes such species no-
toriously poor donors*?, sothat glucuronidation is difficult.
The phosphate of 2 wastreated with atrichloroacetimidate
donor in the presence of BF;xEt,0 to give protected glucu-
ronide 4 in 52% of yield. However, in free form of 2, no
desired product was obtained. The salt form of the basic
acceptor was better than its free form for glucuronidation,
with Lewis acid used as the promoter in the present study.
When trimethysilyl trifluoromethane sulfonate (TMSOTf)®
was used as apromoter instead of BF;xEt,0, more of the by-
product, 2 acetylate, was obtained and theyield of the de-
sired product was increased. An inverse addition, which
meanstrichloroacetimidate 7 was added into the mixed solu-
tion of 2 phosphate and BF;xEt,O, improved the yield to
52% from 21%. Thisresultisconsistent with the prior report
for glucuronidation of other compounds™.

In positive-ion mode, compounds 2 and 3 formed pseudo-
molecular ions[M+H] * at m/z 326. They are two isomers;
each of them containsa hydroxyl groupin the piperidyl ring
and an ether bond. The same product ionswere observedin
the full scan of MS/MS spectra at m/z 308 and 142, with
different relative abundance for 2 compounds. The frag-
ment ion at M/z 142 was formed by cleavage of the ether
bond (Figure 4). Thefragment ion at m/z 308 was formed by
dehydration, which was easier going in 3 than in 2 because
p- 7 conjugated system was formed after dehydration in the
former. Therefore, m/z 308 wasthe base peak for 3 and m/z
142 was the base peak for 2.

Hydroxylation and glucuronidation are 2 general path-
ways of drug metabolism, by which drug can be metabolized
to more polar, hydrophilic entities, which can be excreted
from the body more easily. The presence of M1 (2), M2 (3)
and their glucuronides M3 (4) and M4 (5) is consistent with
the general rule of metabolism. In human urine, some

The antitussive effect of benproperine and its metabolites 2 and 3 phosphates using 7.5% citric acid aerosol in guinea pigs. n=10.

Drug Dose/mg-kg™ Time to onset of Coughs during 3 min Coughs during 5 min
first cough/s challenge after the challenge
Vehicle — 88.1+5.9 8.2+1.2 16.5+2.5
BPPxH PO, 27 129.9+14.0° 2.7£1.0° 4.7+1.2°
2xH4PO, 27 127.6+14.0° 2.9+0.8° 9.6+2.6
9 125.2+9.6° 3.6+0.9° 16.2+2.5
3 132.3+10.3° 3.9:0.9° 16.4+3.3
3xH,PO, 27 131.2+13.8° 4.0£0.9° 14.3+3.3
9 131.3+11.0° 5.0+1.2 16.9+1.9
3 126.8+10.0° 3.9+0.8° 15.6+1.5
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dihydroxylate metabolites besides monohydroxylate were
detected; no dealkylation metabolite was detected. In the
present study, 4 monohydroxylate metabolites and 2 glucu-
ronide metabolites were identified. The chromatogram
(Figure 3) indicates that the hydroxylated metabolites of
benproperinewere recovered in urinemainly asglucuronides,
and in very low concentrations asfree forms. M1 and M2
werealsofound in human plasma.

Thefreeformsof compound 2 (M1) and 3 (M2) areails,
which are difficult to be weighed, and the water-sol ubility of
thefreeformsare poor. They are not suitable for usein the
study of antitussive activity. Benproperineisgenerally used
in clinical treatments as dihydrogenphosphate. Therefore,
we converted the free form of compounds 2 and 3 to their
phosphates for pharmacological study.

The experimental model to induce coughing using citric
acid isthe modd most frequently adopted and extensively
studied in animalsand in humans™. Citric acid can induce
coughing in guinea pigs by increasing the volume of bron-
chial secretion’”, by acting on capsaicin sensitive sensory
neurons®>*® or by disturbing the pH of the airway surface
liquid™. However, it inducesthe airway hyper-reactivity in
guinea pigs*®. Although phosphates of 2 and 3 produced
an increase in the latency of the first cough and decreased
the number of coughs during the 3 min test using citric acid,
they did not decrease the number of coughsduring the5 min
immediately after the test. The results showed that phos-
phates 2 and 3 did not inhibit the coughing induced by citric
acid in guineapigs.

In conclusion, 8 novel compounds, 2-5, 8, 9, and phos-
phates of 2 and 3 were synthesi zed successfully for the first
time. 1-[1-Methyl-2-[2-(phenylmethyl)phenoxy]ethyl]-4-
piperidinal (2), 1-[1-methyl-2-[2-(phenylmethyl) phenoxy]
ethyl]-3-piperidinol (3), 1-O-[1-[1-methyl-2-[2-(phenyl
methyl)-phenoxy]ethyl]-piperidin-4-yl]-B-D-glucopyrano-
siduronicacid (4) and 1-O-[ 1-[ 1-methyl - 2-[ 2-(phenylmethyl)
phenoxy] ethyl]-piperidin-3-yl]-f-D-glucopyranosiduronic
acid (5) wereidentified to be metabolites of benproperinein
human urine. Compounds 2 and 3 areinactive metabolites of
benproperine.

Acknowledgments

Theauthorsthank Dr Osamu HARA from Meijo University
for hishdpful discussons. Wealsothank MsWen LI, MrYi
SHA and MsAi-hua SONG in Shenyang Pharmaceutical Uni-
versity for obtaining part of the NMR data and UV data.
References

1 Sweetman SC, editor. Martindale, the Extra Pharmacopoeia 34th

1526

10

11

12

13

14

15

16

17

18

Edition. London: Pharmaceutical Press; 2005. p1115.

Kamei J, Ogawa M, Kasuya Y. Monoamines and the mechanisms
of action of antitussive drugs in rats. Arch Int Pharmacodyn
Ther 1987; 290: 117-27.

Du ZM, Huang HH, Chen XY, Zhong DF. Study on hydroxylated
metabolites of benproperine in human urine. Acta Pharm Sin
2000; 35: 916-20.

Clarke NJ, Rindgen D, Korfmacher WA, Cox KA. Systematic
LC/MS metabolite identification in drug discovery. Anal Chem
2001; 73: 430A—439A.

Desai RB, Schwartz MS, Matuszewski BK. The identification of
three human metabolites of a peptide-doxorubicin conjugate us-
ing HPLC-M S-MS in positive and negative ionization modes.
J Chromatogr Sci 2004; 42: 317-22.

Tevell A, Bondesson U, Torneke K, Hedeland M. |dentification
of some new clemastine metabolites in dog, horse, and human
urine with liquid chromatography/tandem mass spectrometry.
Rapid Commun Mass Spectrom 2004; 18: 2267-72.

Fei X, Lin H. Preparation of benproperine. Hei Long Jiang Yi
Yao 1999; 112: 194-5.

Li Y, Chen S, Zhong D, Gan C, MinL, Sun Y, et al. Synthesis of
R(+)- and S(-)-benproperine phosphate and their antitussive
activity. Chin J Med Chem 2004; 14: 19-22.

Soliman SE, Bassily RW, El-Sokkary RI, Nashed MA. Acetylated
methyl glucopyranuronate trichloroacetimidate as a glycosyl
donor for efficient synthesis of disaccharides. Carbohydr Res
2003; 338: 2337-40.

Karlsson JA, lanner AS, Persson CG. Airway opioid receptors
mediate inhibition of cough and reflex bronchoconstriction in
guinea pig. J Pharmacol Exp Ther 1990; 252: 863-8.

Chen S, Min L, Li Y, Li W, Zhong D, Kong W. Anti-tussive
activity of benproperine enantiomers on citric-acid-induced cough
in conscious guinea-pigs. J Pharm Pharmacol 2004; 56: 277-80.
Stachulski AV. Glucuronidation of alcohols using the bromosugar—
iodonium reagent method. Tetrahedron Lett 2001; 42: 661-13.
Ferguson JR, Harding JR, Lumbard KW, Scheinmann F, Stachulski
AV. Glucuronide and sulfate conjugates of 1Cl 182,780, a pure
anti-estrogenic steroid. Order of addition, catalysis and substitu-
tion effects in glucuronidation. Tetrahedron Lett 2000; 41:
389-91.

Braga PC, Bossi R, Piatti G, Dal Sasso M. Antitussive effect of
oxatomide on citric acid-induced cough in conscious guinea pig.
Arzneim Forsch 1993; 43: 550-3.

Forsberg K, Karlsson JA, Theodorsson E, Lundberg JM, Persson
CG. Cough and bronchoconstriction mediated by capsaicin-sen-
sitive sensory neuronsin the guinea-pig. Pulm Pharmacol 1988;
1: 33-9.

Ricciardolo FL. Mechanisms of citric acid-induced
bronchoconstriction. Am J Med 2001; 111: 18S-24S.

Wong CH, Matai R, Morice AH. Cough induced by low pH.
Respir Med 1999; 93: 58-61.

Hay DW, Giardina GA, Griswold DE, Underwood DC, Kotzer CJ,
Bush B, et al. Nonpeptide tachykinin receptor antagonists. 111.
SB 235375, a low central nervous system-penetrant, potent and
selective neurokinin-3 receptor antagonist, inhibits citric acid-
induced cough and airways hyper-reactivity in guinea pigs. J
Pharmacol Exp Ther 2002; 300: 314-23.



