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Synthesis and Pharmacological Evaluation in Mice of New Non-classical
Antinociceptive Agents, 5-(4-Arylpiperazin-1-yl)-4-benzyl-1,2-oxazin-6-ones
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Several 5-(4-arylpiperazin-1-yl)-4-benzyl-1,2-0xazin-6-ones have been synthesized and tested for analgesic
activity in a visceral pain model (phenylbenzoquinone-induced writhing test=PBQ test). A good correlation has
been found between the antinociceptive effects of drugs and both their lipophilic and steric properties. The most
active derivatives 5c and 5f, with intraperitoneal EDs, values of 10.5 and 10.3mgkg ' respectively, were more
extensively investigated by evaluating their analgesic activity in a somatosensory pain model (hot plate test), as well
as their sedative properties. Furthermore, naloxone suppressed the effect of 5¢c and 5f in the PBQ test, though these
derivatives were ineffective to potentiate morphine analgesia. Pretreatment with yohimbine did not significantly
attenuate the analgesic effects of Sc and 5f. In addition, pretreatment with 5-hydroxytryptophan associated with
carbidopa also failed to potentiate the antinociceptive effects of 5c and 5f. So, a part of the analgesic activity of
5c and 5f seems to be related to an opioidergic mechanism, especially at the g receptor level. Molecular modeling
studies performed on the opiate drug morphine and on the most stable conformer of 5f showed structural similarities
between these two molecules.
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Clinical treatment of pain primarily depends on two serotonergic tricyclic antidepressant drugs such as
classes of analgesics: non-steroidal anti-inflammatory clomipramine excepted.* Moreover, NSAIDs induce ir-

drugs (NSAIDs, e.g., aspirin, ibuprofen) and opiates. ritant side effects on gastric mucosa,” while opiates
Non-narcotic analgesics act mainly peripherally by in-

hibiting prostaglandin synthesis!*?’ and are preferentially
used in the management of mild to moderate nociceptive
pain. On the other hand, the opiates act on specific central
nervous system receptors, with clinical indications for
moderate to severe pain.”> Though nociceptive pain is
generally well controlled by the currently available drugs,
neurogenic and psychogenic pain disorders are not really A
assuaged by the various classical analgesic compounds,
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cause profound respiratory depression, postoperative
nausea, constipation and physical dependence.® There-
fore, there is a considerable therapeutic interest in novel
antinociceptive agents without such side effects, perhaps
with different modes of action.

Pyridazinones such as emorfazone and 2-morpholi-
noethyl-4-methyl-6-phenyl-3-pyridazone (Ag 246) have
been shown to be analgesic agents without the above
side effects”® and we have prepared different series of
active compounds in this area.’”'? Pyridazine deriva-
tives having an arylpiperazinyl moiety appeared to be the
most active ones (structures A and B), according to many
reports'® on the antinociceptive properties of compounds
containing an arylpiperazinyl unit in their structure.

As part of our efforts to discover new therapeutically
advantageous analgesics, we adopted a strategy commonly
used in medicinal chemistry, i.e., the replacement of a
nitrogen atom by oxygen in a drug template. Therefore,
an oxazinone ring was substituted for the pyridazinone
ring and arylpiperazinyl moieties were introduced at the
5-position of the heterocycle (structure C).

Here we describe the synthesis of 5-(4-arylpiperazin-1-
yl)-4-benzyl-3-methyl-1,2-oxazin-6-ones. Further, the
analgesic activity in the phenylbenzoquinone-induced
writhing test (PBQ test) of the prepared compounds was
examined, both as a preliminary pharmacological screen-
ing and to assess structure—activity relationships. Anti-
nociceptive effects of the most active compounds were
then investigated in more detail in order to determine
possible interactions with opioidergic and serotonergic
systems.

Chemistry

A new series of oxazinones 5 was prepared by means
of a four-step reaction, as shown in Chart 1. Condensation

R Y
J
@C(H R
O

HCl gas

H;C—C —(CHy),— CO,H

Vol. 45, No. 4

of levulinic acid 1 with aldehydes in the presence of
hydrogen chloride provided 3-acetyl-4-aryl-but-3-enoic
acids 2 according to a previously described procedure.!®
The addition of hydroxylamine to keto-acids 2 afforded
4-benzyl-3-methyl-1,2-oxazin-6-ones 3 Tables 1 and 2),
the structures of which were established by NMR NOE
experiments. Irradiation of the methylene protons affected
aromatic hydrogens, thus proving these groups to be in
close proximity and consequently supporting the presence
of an endocyclic double bond.

Radical bromination of 3 with N-bromosuccinimide
(NBS) was catalyzed by 2,2"-azobisisobutyronitrile (AIBN)
and resulted in monobromination at the benzylic position
via a Wohl-Ziegler reaction.'® The structure of 4 (Tables
3 and 4) was deduced from the correlation spectroscopy
via long-range 'H-'3C coupling (COLOC) data. In the
case of 4a (R!=H), the aromatic hydrogens at ¢ 7.30—
7.40 ppm showed long-range correlations with the bro-
minated carbon at 6 47.7 ppm, and the ethylenic proton at
6.82 ppm with the carbonyl group at 6 163.8 ppm.

According to an Sn2' mechanism,'® reaction of 4
with arylpiperazines in methanol would furnish com-
pounds 5 in basic form. The site of substitution was
confirmed by long-range correlations between the
methylenic signal of the benzyl group at 4.06 ppm
(compound 5a, R'=R?*=H) and the aromatic carbons.
Oxazinone salts Sa—m (Tables 5 and 6) were obtained by
treatment of the corresponding bases with hydrogen
chloride in dry acetone.

Results and Discussion

Behavioral effects and intraperitoneal acute toxicity
were first investigated in mice. At 400mgkg™! i.p., test
compounds produced a more or less intense sedation in
animals which disappeared after 24 h. No other significant
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Table 1. Physical Data for Derivatives 3
Analysis
Compd. R! Yield %)  mp (C) Formula Caled (Found)
C H Cl F N
3a H 54 93 C,,H,;NO, 71.63 5.51 6.96
(70.93 5.47 6.90)
3b 2-Cl 48 109 C,,H,,CINO, 61.16 4.28 15.04 5.94
(60.91 421 15.28 6.07)
3c 4-F 51 133 C,,H,,FNO, 65.75 4.60 8.67 6.39
(65.97 4.41 8.71 6.50)
3d 4-CH, 50 68 C,;H;5NO, 72.54 6.09 6.51
(72.19 6.21 6.67)
Table 2. Spectral Data for Derivatives 3
Compd. IR (KBr) v (cm™%)
'H-NMR (in CDCl;) é ppm
C=0 ester C=0 amide C=C
3a 1725 1630 1490 2.3 (s, 3H, CHy), 3.7 (s, 2H, CH,), 6.2 (s, 1H, CH=), 7.1—7.4 (m, 5H, C¢H,)
3b 1725 1635 1475 2.4 (s, 3H, CH,), 3.9 (s, 2H, CH,), 6.0 (s, 1H, CH=), 7.2—7.5 (m, 4H, C¢H,)
3c 1710 1625 1495 2.3 (s, 3H, CHy), 3.8 (s, 2H, CH,), 6.3 (s, I1H, CH=), 7.1—7.3 (m, 4H, CH,)
3d 1730 1630 1510 2.3 (s, 3H, CH,), 2.4 (s, 3H, C¢H,~CHy), 3.8 (s, 2H, CH,), 6.3 (s, 1H, CH=),
7.2—7.6 (m, 4H, CcH,)
Table 3. Physical Data for Derivatives 4
Analysis
Compd. R! Yield (%) mp (°C) Formula Caled (Found)
C H Br Cl F N
4a H 52 Yellow oil C;,H,(BrNO, 51.45 3.60 28.52 5.00
(51.16 3.46 28.63 5.28)
4b 2-Cl 20 Yellow oil C,,H,BrCINO, 45.82 2.88 25.40 11.27 445
(46.07 2.90 25.08 11.42 4.36)
4c 4-F 90 Yellow oil C,,H,BrFNO, 48.35 3.04 26.80 6.37 4.70
(47.98 3.08 27.02 6.15 4.94)
4d 4-CH, 17 Yellow oil C,3H,,BrNO, 53.08 4.11 27.16 4.76
(5341 4.03 26.84 4.95)
Table 4. Spectral Data for Derivatives 4
IR (NaCl) v (em™1)
Compd. 'H-NMR (in CDCl;) 6 ppm
C=0 ester C=0 amide C=C
4a 1730 1620 1480 2.3 (s, 3H, CHj), 6.0 (s, IH, CHBr), 6.8 (s, 1H, CH=), 7.3—7.5 (m, SH, C¢H;)
4b 1710 1625 1460 2.4 (s, 3H, CHy), 6.3 (s, IH, CH), 6.7 (s, 1H, CH=), 7.3—7.6 (m, 4H, C¢H,)
4c 1740 1630 1510 2.4 (s, 3H, CH;), 5.9 (s, 1H, CH), 6.9 (s, 1H, CH=), 7.2—7.6 (m, 4H, C¢H,)
4d 1720 1625 1500 2.3 (s, 3H, CH,), 2.4 (s, 3H, C¢H,—CH,;), 5.9 (s, IH, CH), 6.9 (s, 1H, CH=),

7.2—7.5 (m, 4H, C;H,)

behavioral effects were observed even at doses up to
800mgkg ! i.p. and all animals were still alive after an
observation period of one week.

The oxazinone derivatives Sa—m were evaluated for
analgesic activity in the phenylbenzoquinone induced
writhing test (PBQ test) in mice and compared with ac-
etaminophen, noramidopyrine and trazodone. Although
trazodone is currently in therapeutic use as an an-
tidepressant agent, it possesses potent antinociceptive
properties, partly due to the presence of a 3-chlorophen-

ylpiperazinyl moiety in its structure.'”'® This fact

prompted us to use this drug as reference compound in
the analgesic tests.

Compounds having a 3-chlorophenylpiperazinyl group
(5¢, 5f, 5i), as well as the two 4-fluorobenzy! derivatives
(5h, 5k), were the most effective ones with EDs, values
ranging from 10 and 30mgkg™' i.p. (Table 7). On the
other hand, introduction of a trifluoromethyl substituent
at the meta position of the phenyl linked to the piperazine
ring markedly decreased the activity with ED, values up
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Table 5. Physical Data for Oxazinones 5

Analysis
Compd. R! R Yield (%) mp (°C) Formula Caled (Found)
C H a F N
5a H H 60 133 Cyp,H,3N,0, HCI-0.5H,0 6494 615 873 10.33
6525 607 906 10.50)
5h H  2-0CH, 36 125 C,3H,sN,0, HCI 64.56 612 829 9.82
6493 621 811 9.88)
5 H 3Cl 38 120 C,,H,,CIN,0, HCI 6L.1L 536 1640 9.72
6142 541 1579 9.91)
sd H 3-CF, 62 102 CuH,,FN;0,-HCI-0.5H,0 5817 509 747 1200  8.85
(5840 509 727 1218 9.07)
Se H 4F 62 127 C,,H,,FN;0, HCI 63.54 557 852 457 10.10
6327 555 842 458 9.89)
5f 2-Cl 3-Cl 26 109  CyH,CLN;O, HCI-0.5H,0  55.54 487 2235 8.83
(5525 487 243 8.71)
5g 2-Cl 4F 46 86  Cp,H, CIFN;0,-HCI-0SH,0 5752 505 1544 414 915
(5737 504 1555 423 9.29)
5h 4F H 57 110 C,,H,,FN;0, HCI 63.54 557 852 457 10.10
(6333 552 848 465  9.99)
si 4-F 3Cl 56 108 C,,H,,CIFN,0,-HCI-0.5H,0 57.52 505 1544 414 9.5
(57.66 501 1562 415 9.28)
5 4F 3.CF, 27 98 C,H, F,N,0,-HCI-05H,0 5605 470  7.19 1542 853
(5627 470 675 1551  8.76)
sk 4-F 4-F 68 126 Cp,H, F,N;0,-HCI-0.5H,0  59.66 523 800 858 949
(5988 506 791 868  9.50)
51 4-CH, H 3 114 Cy3H,N;0, HCI 6707 636 86l 10.20
(6681 647 896 10.08)
5m 4CH, 30 37 107 C,3H,.CIN,O, HCI 6189 565 1588 9.41
6214 585 1560 9.61)

Table 6. Spectral Data for Oxazinones 5

IR (KBr) v (cm™1)

Compd. OH . C20 C=0 'H-NMR (in CDCl;) § ppm
NH . c=C
ester amide

Sa 3540—3300 2360—2100 1710 1620 1485 2.2 (s, 3H, CH;), 3.2—3.5 (m, 9H, 4CH, +0.5H,0), 4.1 (s, 2H,
CeHs—CH,), 6.9—7.4 (m, 10H, 2C,H.), 7.8 (s, 1H, NH*)

sb 2380—2100 1700 1600 1480 2.1 (s, 3H, CH,), 3.3—4.5 (m, 8H, 4CH,), 3.9 (s, 2H, C(H,-CH,),
4.0 (s, 3H, O-CH,), 7.0—7.4 (m, 9H, C¢H, +CgH,), 8.4 (s, 1H,
NH*)

¢ 2400—2000 1705 1610 1495 2.1 (s, 3H, CH,), 3.4—4.1 (m, 10H, 5CH,), 7.1—7.5 (m, 9H,
CeH;+CcH,), 7.7 (s, 1H, NH")

5d 3540—3300 2400—2060 1690 1620 1490 2.1 (s, 3H, CHy;), 3.4—4.2 (m, 8H, 4CH,), 4.0 (s, 2H, C;H,—CH,),
7.0—7.8 (m, 9H, C{H,+C¢H,), 8.1 (s, 1H, NH™)

Se 2360—2100 1705 1615 1515 2.1 (s, 3H, CH,), 3.4—4.0 (m, 10H, 5CH,), 7.0—7.4 (m, 9H,
CeHs+CgH,), 7.8 (s, 1H, NH™)

5f 3620—3300  2200—1900 1720 1620 1470 2.1 (s, 3H, CHj), 3.5—4.2 (m, 9H, 4CH, +0.5H,0), 4.0 (s, 2H,
C¢Hs-CH,), 6.9—7.6 (m, 8H, 2C4H,), 7.9 (s, IH, NH™)

5g 3670—3300  2460—2100 1720 1605 1510 2.1 (s, 3H, CH;), 3.4—4.1 (m, 9H, 4CH, +0.5H,0), 4.0 (s, 2H,
C¢H4~CH,), 6.9—7.7 (m, 8H, 2C4H,), 7.9 (s, 1H, NH™)

Sh 2400—2160 1720 1630 1510 2.1 (s, 3H, CH;), 3.4—4.1 (m, 10H, 5CH,), 6.9—7.7 (m, 9H,
CeH,+CgHy), 7.9 (s, 1H, NH")

Si 3680—3400 2420—2160 1715 1595 1510 2.1 (s, 3H, CH3;), 3.5—4.2 (m, 9H, 4CH, +0.5H,0), 4.0 (s, 2H,
CsHsCH,), 7.0—7.6 (m, 8H, 2CH,), 7.9 (s, 1H, NH*)

5§ 3600—3360  2360—2100 1715 1610 1510 2.1 (s, 3H, CH,;), 3.5—4.2 (m, 9H, 4CH, +0.5H,0), 4.0 (s, 2H,
C¢Hs—CH,), 7.0—7.8 (m, 8H, 2C,H,), 8.1 (s, I1H, NH™)

Sk 3620—3260 2380—2120 1700 1610 1510 2.1 (s, 3H, CH,), 3.5—4.1 (m, 9H, 4CH, +0.5H,0), 3.9 (s, 2H,
C4Hs—CH,), 7.0—7.4 (m, 8H, 2CH,), 7.9 (s, 1H, NH*)

51 1440—1990 1700 1600 1490 2.1 (s, 3H, CH;), 2.3 (s, 3H, C¢H,—CH,), 3.5—4.2 (m, 8H, 4CH,),
4.0 (s, 2H, C4H-CH,), 7.0—7.7 (m, 9H, CgH, +C.H,), 8.0 (s, 1H,
NH*)

5m 2440—2100 1700 1595 1490 2.1 (s, 3H, CH,), 2.3 (s, 3H, C4H,~CHS), 3.5—4.1 (m, 8H, 4CH,),

3.9 (s, 2H, C¢Hs-CH,), 6.9—7.5 (m, 8H, 2C,H,), 7.8 (s, IH, NH*)
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to 75mgkg ! i.p. Thus, it appeared that S¢ (ED5,=10.5
mgkg™!) and 5f (EDs,=10.3mgkg™") are equipotent
to trazodone (EDs,=10.2mgkg™!), while they are sev-
eral times more active than the classical analgesic drugs
acetaminophen (EDs,=231.3mgkg™ ') and noramido-
pyrine (EDs,=68.5mgkg™").The influence of hydro-
phobic effects on the activity was not clear from the logk,,
values listed in Table 2. So, in order to clarify the
structure-activity relationships in this series, a Hansch
analysis using logk, as a lipophilic index, Hammett’s
constants (g, for R!, o, for R?) as electronic parameters
and Taft’s constants (Es; for R, Es, for R?) as steric
factors, was performed. The constants have been taken
from the compilation by Hansch and Leo.!®

Because of the weak activity of four of our derivatives
(5d, 5g, 5j, Sm), Eq. 1 was developed from a limited series
of 9 oxazinones (5a—c, Se, 5f, 5h, 5i, Sk and 5I):

log(1/ED5q) =0.32 (+0.12) logk,, —2.97 (+0.60) )
n=9, r?=0494, s=0235, F=6830 (p=0.033)

In this equation, the numbers in parentheses are the
95% confidence intervals associated with the coefficients,
n is the number of compounds employed, r? is the squared
correlation coefficient corresponding to the fraction of
observed variance accounted for, s is the standard devia-
tion and F (as also p) the statistical significance of fit.

The log(1/EDs,) values recalculated from this equation

Table 7. PBQ Test, Hansch Analysis and Capacity Factors (logk,,)
of Oxazinones Sa—m

PBQ test
Compd. ED,,  log(I/ED,,) log(I/ED,,) log(I/ED,,) °&Kw
mgkg~!i.p? (obs) (calc)® (calc)?
5a 49.5 —1.70 —1.54 —-1.72 4.546
(26.4—92.5)
5b 45.5 —1.66 —1.78 -1.77 3.778
(26.2—79.2)
5c¢ 10.5 —1.02 —1.25 —1.20 5.469
(5.1—21.4)
5d >75 — — — 5.720
Se 73.0 —1.86 —1.51 —1.57 4.637
(38.2—139.4) )
5f 10.3 —1.01 -0.99 —0.99 6.287
(5.2--20.3)
Sg >75 — — —_ 5.230
5h 13.7 —~1.14 —~1.52 — 4.628
(7.1—26.2)
5i 279 —145 -1.39 —1.33 5.011
(14.2—-55.0)
5§ >75 — — —_ 6.119
5k 24.7 —1.39 —1.40 —1.47 4.999
(12.6—48.4)
51 38.7 —1.59 —1.43 —1.63 4.901
(11.9—125.2)
Sm >75 — — — 6.190
Acetaminophen 2313 — — — ND
(147.3—363.2)
Noramidopyrine 68.5 — — — ND
(22.8—205.3)
Trazodone 10.2 — — — ND
(7.1—14.6)

a) 95% confidence intervals in parentheses.
¢) Calculated from Eq. 2. ND: not determined.

b) Calculated from Eq. 1.
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are listed in Table 2.

The lipophilic descriptor log k,, explained only 49% of
the variance in pharmacological data, although Eq. 1 was
significant (p<0.05). So, a new Eq. 2 was recalculated
excluding the most deviant oxazinone Sh:

log(1/ED5)=0.27 (+0.11) log k,, —0.28 ( £ 0.19) Es, —2.93 (+ 0.49)

n=8, r?=0776, s=0.177, F=8.186 (p=0.027) @)

Equation 2 showed an important enhancement in the
correlation (r2=0.776) for the 8 remaining compounds
and a further slight improvement in statistical significance:
F=8.186 (p=0.027). The positive coefficient of logk,
suggests that the activity increases with increasing lipo-
philicity, while the negative coefficient associated with
Es, indicates that the presence of a bulky substituent on
the phenylpiperazinyl moiety is also beneficial. The
different values of log(1/EDs,) recalculated from Eq. 2
are listed in Table 7 and shown in Fig. 1.

On the basis of their analgesic potency in the PBQ test,
selected compounds Sc¢ and 5f were further investigated.
The effects of 5S¢, 5f on spontaneous and forced motor
activity were evaluated in mice as parameters of their
sedative properties and neurologic toxicity (Table 8).
Derivatives 5¢ and 5f were equivalent in analgesic
potency but had markedly different sedative activity. At
25mgkg ! i.p. Sc caused a 59.6% decrease in spontane-
ous motor activity of animals, whereas 5f did not produce a
significant effect. At 50mgkg™' i.p. sedation appeared
particularly intense only with Se¢. In the rotarod test, Sc¢
(50mgkg~! i.p.) displayed neurotoxic effects which
disappeared after 2h. Derivative 5f did not show sig-
nificant activity in this test. The reference drug trazodone
exhibited sedative and neurotoxic effects from the low
doses of 5 and 10mgkg™! i.p.

The potent antinociceptive effects of Se, 5f exhibited

. . 5S¢ L
1.00 § 5f

5k
-1.40 - )
5
-1.50 ~

log (1/ED50) (obs)

51
-1.60 )
5b.

-1.70 4 Sa’

-1.80

*Se
'190 T T T T T T T T T

-1.90 -1.80 -1.70 -1.60 -1.50 -1.40 -1.30 -1.20 -1.10 -1.00

-0.90

log (1/ED350) (calc)

Fig. 1. Plot of Observed versus Calculated Analgesic Activity ({from
Eq. 2) of Oxazinones
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in the PBQ test were not found in the hot plate test (Table
9). On account of their sedative effects, S¢ and 5f were not
administered at doses up to 25mgkg ™! i.p. The lack of
activity even at low doses suggests that the analgesic
activity of oxazinones could be related either to a
peripheral site of action or to a central non-opiate
mechanism.?? Most of the available evidence seems to
support the role of monoamine transmitters (noradrena-
line and serotonin) and of opiate neurons in the mech-
anism of pain control on the one hand and the mutual
interactions of these systems on the other hand.?"

Table 8. Sedative Activity and Neurotoxicity of Oxazinones 5S¢ and 5f

Rotarod test % of falls
Decrease of

Dose L after treatment at
Compd. 1 motor activity
(mgkg™'ip) )
’ 45min  2h  24h
Sc 25 59.6+ 8.7* 0 0 0
50 90.3+ 2.0* 30% 0 0
sf 25 1144140 (NS) 10(NS) 10(NS) 0
50 305+ 8.1% 20 (NS) 10 (NS) 0
Trazodone 5 29+ 4* 30* 0 0
10 34+11% 30% 10 (NS) 0
* p<0.05. NS: not significant.
*
100 - J_
75 1 é *
il z
g "
£ s0q g o+ *
13] [~
o Z A
b \:\ o
/ *9 N 7
25 i e é
¢ :j: /
% ] /
0 > N

Fig. 2. Effect of Yohimbine (1 mgkg~? p.o.) on Analgesic Activity of
Clonidine, 5¢ and 5f in the PBQ Test

13, clonidine (0.05mgkg ™" s.c.); &1, clonidine + yohimbine; [J, 5¢ (25 mgkg ™!
i.p.); @, Sc +yohimbine; [, 5f 25mgkg ™" i.p.); &, 5f +yohimbine. * p <0.05.

Vol. 45, No. 4

Considering that activation of «,-adrenoreceptors in the
central nervous system produces analgesia in a number
of animal models®? and also that in the periphery,
adrenergic mechanisms appear to be largely pronocicep-
tive, we decided to investigate possible involvement of
the o,-adrenergic pathway in analgesic effects of
oxazinones. Contrary to the observation with the a-sym-
pathomimetic agent clonidine, the activity of 5S¢ or 5f
was not significantly attenuated by pretreatment with
the a,-adrenergic antagonist yohimbine (Fig. 2), suggest-
ing that antinociceptive response was not mainly me-
diated by an «,-adrenergic mechanism. In addition, no
potentiation of Sc¢ or 5f antinociception by 5-hydroxy-
tryptophan (5-HTP) was observed, indicating that the
analgesic properties of these compounds do not involve a
serotonergic pathway, or that they involve a non-selective
serotonergic mechanism (Table 9). Moreover, 5¢ and 5f
were unable to potentiate morphine-induced analgesia,
unlike trazodone. However, when animals were given an
injection of 5c¢ (or 5f) +naloxone, the effect of the former
was significantly reduced in the same manner as was
observed with morphine+naloxone (Fig. 3). On the
other hand, naloxone not only failed to suppress analgesic
activity of trazodone (10mgkg™' ip.), but actually
potentiated its effect. Similarly, Valeri er al.'® and
Messing et al.>® respectively observed no blockade of
the analgesic effect of trazodone (4mgkg™' ip.) and
fluoxetine, a specific inhibitor of serotonin uptake, by
naloxone. Considering these last results, the antinocicep-
tive properties of 5¢ and 5f might be due to modulation
or activation of one or several endorphin relays, although
these derivatives were ineffective as opiate adjuncts in
both the PBQ test and hot plate test.

Taking into account the weak sedative activity of 5f at
the high dose of 50 mgkg™"' i.p., this derivative appears
to have a superior analgesic profile to Se¢. Thus, it ap-
peared interesting to compare 5f and morphine by use of
the molecular modeling software SYBYL 6.03%% in order
to seek structural analogies between the two molecules.
Although all opiates share the feature of a protonated
amine, it is hypothesized that this proton immediately
transfers, without a barrier, to a nearby anionic site,
resulting in neutralization. Therefore, as was previously
demonstrated,>® the neutral form is the most realistic

Table 9. Potentiation of Morphine-induced Analgesia by 5S¢, 5f and Effect of 5-Hydroxytryptophan on Se, 5f-induced Analgesia

PBQ test (% analgesia)

Hot plate test (% analgesia)

Effect of 5-HTP

Dose )
-1
Compd. (mg kg compd or compd + compd or compd + compd or comp+
ip.) reference alone morphine reference alone morphine reference alone 5-HTP
5¢ 3 28.5+15.6 (NS) 14.4+13.2 (NS) NT NT 1424+ 9.7 (NS) 41.4411.6 (NS)
25 NT NT 53+£22(NS) 129+ 4.2 (NS) NT NT
5f 3 17.3+ 8.8 (NS) 185+ 9.3 (NS) NT NT 13.7+£10.6 (NS) 37.0+£12.3 (NS)
25 NT NT 3.0+2.1 (NS) 50+ 2.2 (NS) NT NT
Trazodone 2 328+ 3.8(NS) 43.0+12.1* NT NT 103+ 6.7(NS) 472+ 9.1 (NS)
10 NT NT 28.6£8.1* 73.3+12.1* NT NT
Morphine 0.15a 8.6+ 5.8 (NS) — NT — NT NT
5a NT — 10.9+1.7* — NT NT
Carbidopa 25 — — — o 434103 -
+5-HTP 50 — — —
a) s.c. route. * p<0.05. NS: not significant. NT: not tested.
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Fig. 3. Effect of Naloxone (1mgkg™" s.c.) on Analgesic Activity of Morphine, Trazodone, 5¢ and 5f in the PBQ Test
{3, morphine (1.5mgkg ™' s.c.); F4, morphine + naloxone; [, trazodone (10mgkg ! i.p.); B8, trazodone + naloxone; [, 5¢c 25mgkg ™! i.p.); E, S¢ +naloxone; (1,

5f (25mgkg ™' i.p.); 8, 5f +naloxone. *p<0.05.

Cl

Fig. 4. Dihedral Angles Used in the Initial Conformational Analysis
of 5f by the Multitorsion Grid Search Method of SYBYL

simulation of the ligand in the environment of an anionic
receptor site. Thus, the input geometries were generated
and initially minimized using the Tripos force field** for
the neutral form of 5f and morphine. A conformational
analysis was carried out for 5f. Rotation around the C,—~
C, (01), C;~C, (62) and N,—C, (63) bonds (Fig. 4) from
0 to 360° gave a four-dimensional (E, 61, 02, 03) graph.
Its two-dimensional projection on the E, 01 plane gave a
curve with two minima of closely related energies having
an energy barrier of 20.9kJmol~'. Further refinement
using AM1 calculation shows that the conformer having
the benzyl group far from the methyl group, and the
phenyl nucleus of the phenylpiperazinyl moiety and the
oxazine ring in the same plane, is more stable by more
than 11.7kJ mol ™.

Superimposition of this conformer and morphine, also
optimized by the AM1 method, was performed with the
Fit procedure within SYBYL. The structural features
taken into account in the matching processes were: (i) a
cationic head (N, for 5f and N’; for morphine), (ii) an
electronegative atom (N, for 5f and O’ for morphine); (iii)
in addition, a third atom was chosen to determine a plane
having an electron-rich zone (Cy for 5f and Cj for
morphine). The fitting experiments showed a good super-
imposition (Fig. 5; RMS=0.252).

Thus, 5f appeared to possess the stereochemical re-
quirements of classical opiates for binding to u recep-
tor,2528 namely an aromatic system (oxazine ring) placed

Fig. 5. Superimposition of Compound 5f (Bold Solid) and Morphine
(Solid)

at an appropriate distance from a tertiary ionizable aminic
function (N,) and electronegative atoms (N,, O), which
could be involved in the formation of hydrogen bonds.

Electrostatic isopotential maps of both molecules were
generated by SYBYL from MOPAC charges and showed
great similarities (Figs. 6 and 7). In particular, they
exhibited the same contour maps of negative electrostatic
potential adjacent to the oxazine ring for 5f and to the
dihydrobenzofuran moiety for morphine.

In conclusion, a structurally unique class of antinocicep-
tive agents was investigated. Structure-activity relation-
ships were studied with emphasis on the quantitative effects
of substituents present on the phenyl moiety of compounds
5. The oxazinone 5f was found to possess a superior
analgesic profile with low neurosedative effects. Antago-
nism of 5f-induced analgesia by naloxone suggested pos-
sible interactions of this derivative with u receptors. This
idea was supported by molecular modeling studies which
revealed evident structural similarities between S5f and
morphine. Although the routine use of opiates is rarely
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Fig. 6. Stereoview of Electrostatic Isopotential Surfaces (E) of
Compound 5f

E< —1kcal/mol; bold solid. E> I kcal/mol; solid.

Fig. 7. Stereoview of Electrostatic Isopotential Surfaces (E) of
Morphine
£< —1kecal/mol; bold solid. E>1kcal/mol; solid.

associated with clinically significant respiratory depression
in the absence of pulmonary disease, opiate overdose can
be a problem, particularly in the immediate postoperative
period. Therefore, compound 5f, a non-classical anti-
nociceptive drug could be a promising candidate for the
treatment of pain.

Experimental

All chemicals were obtained from Janssen Chimica, Noisy le Grand,
France. Melting points were determined on a Reichert apparatus without
correction. IR spectra were recorded on a Beckman 4240 spectrophoto-
meter. NMR spectra were obtained on a Bruker DPX 200 MHz. The
chemical shifts were reported in parts per million (5, ppm) downfield
from tetramethylsilane, which was used as an internal standard for CDCl,
solution. The abbreviations of signal patterns are as follows: s, singlet;
t, triplet; m, multiplet. Reaction progress and purity of products were
checked by analytical TLC using silica gel plates (60 F,s,, E. Merck,
Darmstadt, Germany). Spots were visualized with UV, light or iodine.
Column chromatography was performed with Kieselgel 60 (230—400

Vol. 45, No. 4

mesh) silica gel (Merck). Microanalyses were performed by the Service
Central d’Analyses du C.N.R.S., Vernaison, France, and the analytical
results obtained were within +0.4% of the theoretical values.

4-Benzyl-3-methyl-1,2-0xazin-6-ones (3) The keto-acid 2 (15mmol)
was dissolved in pyridine (30 ml), then 1.04 g (15 mmol) of hydroxylamine
hydrochloride and 1.5 ml of water were added to the solution. The mixture
was refluxed for 10 h, cooled and then poured into 20% iced hydrochloric
acid (100ml). The resulting solution was extracted with chloroform
(2x25ml), dried over sodium sulfate and evaporated to afford crude
products, which were recrystallized from a mixture of ethanol-water,
40:60.

4-(a-Bromobenzyl)-3-methyl-1,2-oxazin-6-ones (4) An oxazinone 3
(Smmol) was dissolved in carbon tetrachloride (30ml), then N-bro-
mosuccinimide (5mmol) and a catalytic amount (5mg) of AIBN were
added to the solution. The mixture was refluxed for 24 h. It was allowed
to cool, then filtered and evaporated to dryness. The resulting residue
was purified by column chromatography (eluent; ethyl acetate-hexane,
30:70).

5-(4-Arylpiperazin-1-yl)-4-benzyl-3-methyl-1,2-0xazin-6-one Hydro-
chlorides (5) The appropriate arylpiperazine (10 mmol) was added to a
solution of a-bromobenzyl oxazinone 4 (Smmol) in methanol (30 ml).
The mixture was stirred at room temperature for 24 h. After evaporation
the residue was triturated in water (100ml) and extracted with 30 ml of
methylene chloride. The organic layer was dried over sodium sulfate
and, after evaporation, the residue was purified by column chromato-
graphy (eluent; ethyl acetate—cyclohexane, 40 : 60). The oxazinone 5 was
dissolved in dry acctone. The salt was prepared by bubbling gaseous
hydrochloric acid into a cooled solution of the base. The resulting
precipitate was washed with diethyl ether, collected by filtration and
dried.

Pharmacological Methods In the studies described below, all
compounds were administered intraperitoneally in saline (0.9% NaCl).
Swiss male mice weighing 18-—22g, purchased from Depre (Saint-
Doulchard, France), were used in all experiments. Mice were kept in
groups of ten in a temperature-controlled room with a 12h light/dark
cycle. Food and water were available ad libitum until the time of the
experiment. The allocation of animals to different groups was randomized
and the experiments were carried out under blind conditions.

Acute Toxicity in Mice The compounds were administered intra-
peritoneally at doses of 100, 200, 400, 600 and 800mgkg~'. The
animals were observed for 8d in order to detect any sign of toxicity.

Phenylbenzoquinone-Induced Writhing Test?” A 0.02% solution
(ethanol-water, 5:95) of PBQ (Eastman Kodak, Rochester, U.S.A.)
maintained at 37°C, was administered by intraperitoneal injection to
mice, 30 min after intraperitoneal administration of drugs. The number
of abdominal constrictions of each animal was counted between the Sth
and the [5th min after the injection of the irritant.

Locomotor Activity’® The number of photocell beams crossed was
recorded 30min after drug administration (i.p.) in mice individually
placed for 10min in a photocell actimeter (Apelex, Massy, France).

Neurotoxicity The rotarod test?” was used to evaluate central
nervous system toxicity. Neurologic toxicity was defined as failure of the
dosed animal to remain on a 3 cm diameter wood rod rotating at 6rpm
for 3min. Experiments were carried out 45 min, 2h and 24 h after drug
administration.

Hot Plate Test>® Animals were placed on a copper plate (Apelex,
Massy, France) maintained at a constant temperature of 56 °C. The time
necessary to induce the licking reflex of the forepaws was then recorded.
Measurements were carried out 30 min later. A cut-off withdrawal latency
of 40s was used to prevent tissue damage.

Potentiation of Morphine Analgesia®” The protocol used was the
same as that of the PBQ test. Morphine (0.15Smgkg ™%, s.c.) (Coopération
Pharmaceutique Frangaise, Melun, France) was injected at the same time
as drugs, 30 min before the test.

Antagonism of Drug Antinociception by Naloxone*” The protocol
used for the evaluation of the effect of naloxone (Narcan, Du Pont de
Nemours, Paris, France) on drug-induced analgesia was similar to that
described for the PBQ test. Naloxone (Imgkg™, s.c.) was injected
5min before intraperitoneal administration of PBQ solution.

Antagonism of Drug Antinociception by Yohimbine*® Thirty minutes
after simultaneous administration of drugs (i.p.) and yohimbine
(1mgkg™?, p.o.), (Sigma, Montlugon, France), PBQ solution was given
i.p. Beginning 5Smin after injection of PBQ, writhing behavior of mice
was scored for a period of 10 min.
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Potentiation of Drug Antinociception by 5S-HTP The protocol used
was adapted from the technique of Vonvoigtlander ef al.>* Experiments
were carried out in a similar manner to the PBQ test. Carbidopa
(25mgkg™?! i.p.) (ICN Biomedicals, Orsay, France) was administered,
followed 30min later by 5-HTP (50mgkg™! i.p.) (ICN Biomedicals,
Orsay, France) and then after a further 15min by drugs. Twenty min
later, the analgesic test was performed with administration of PBQ
solution.

Data Analysis Statistical analysis of the results was performed using
the method of Schwartz.>® The ED,, values were determined by the
method of Litchfield and Wilcoxon.3® The significance of pharmacologi-
cal data expressed as mean+S.E. was evaluated by using Student’s ¢
test. Other results were analyzed by means of the chi-square test with
Yates’ correction.

Lipophilicity Measurements Lipophilicity was determined by re-
versed-phase high-performance liquid chromatography.’” A Varian
5000 liquid chromatograph (Varian, Les Ulis, France) equipped with a
detector operating at 254 nm was used. A Varian CDS 111L integrator
was employed for peak registration and calculation of retention times.
A column (15x 6mm i.d.) prepacked with octadecyl copolymer gel
(particle size, 5 um) was used as the nonpolar stationary phase. Mobile
phases were prepared volumetrically from 50:50 to 90:10 combina-
tions of methanol and aqueous 3-morpholinopropanesulfonic acid buffer
(0.02m, pH 7.4). The flow rate was 1 mi/min. Isocratic capacity factors
(k;) were defined as k;=(,—t,)/t,, where ¢, is the retention time of the
solute and ¢, is the column dead time determined with methanol as the
nonretained compound. logk, was used as the lipophilic index ob-
tained by linear extrapolation of logk; to 100% water.

Molecular Modeling Studies The topographical and electrostatic
characterization of the studied molecules was performed using the
SYBYL 6.03 software package on a Silicon Graphics Personal IRIS
4D35TG workstation. Structures were built within SYBYL and
minimized by MAXIMIN 2 with the Tripos force field, under in vacuo
conditions, to provide reasonable standard geometries. Molecules were
deemed to be minimized when there was a minimum energy change of
less than 0.021 kJ mol~? for one iteration.

The conjugate gradient method was used for minimization. All AM1
calculations involved the singlet state. Molecules were deemed to be
minimized when the gradient fell to less than 0.021 kJ mol~!. The con-
formational space of 5f was explored using the SYBYL search facility.
Torsion angles were defined around the single bonds C,—C;, C;-C, and
N,-C,, and a grid search was performed, allowing these bonds to rotate
with a 360° revolution by 20° increments. The lowest-energy conformers
thus obtained were submitted to AM1 calculations (MOPAC version
5.0)°® to optimize their geometry and to determine atomic charge
distributions.

A structural fitting between morphine and 5f was done by using the
FIT option of SYBYL. The molecular electrostatic potential surfaces
were calculated in SYBYL and partitioned into two intervals as fol-
lows: —1kcalmol™! and down, and 1kcalmol ™! and up.
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