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Abstract—A series of 2,3,4,4a-tetrahydro-1H-pyrazino[1,2-a]quinoxalin-5-(6 H)ones and 2,3,4,4a,5,6-hexahydro-1H-pyrazino[1,2-a]-
quinoxalines was shown to exhibit 5-HT,c agonist binding and functional activity. Compound 21R inhibited food intake over 2 h in
fasted, male Sprague—Dawley rats with ED5, values of 2 mg/kg (ip) and 10 mg/kg (po). © 2000 Elsevier Science Ltd. All rights reserved.

Multiple 5-hydroxytryptamine (5-HT; serotonin) recep-
tor types are known to exist and have attracted significant
pharmacological attention, including the 5-HT, receptor
subfamily.! The 5-HT, receptor family currently consists
of three receptor subtypes—5-HT»4, 5-HT,p, and 5-HT,¢
—which exhibit similar molecular structure and signal
transduction pathways. Characteristic of the 5-HT,
family of receptors is a relatively low affinity for 5-HT, a
high affinity for the known 5-HT), receptor agonist, 2,5-
dimethoxy-4-iodoamphetamine (DOI), and a high affinity
for known 5-HT, receptor antagonists, including ritan-
serin and mesulergine. The 5-HT, family of receptors
modulates a variety of physiological functions, includ-
ing appetite, mood, nociception, and motor behavior.?

Obesity is a chronic condition for which no current cure
exists.> Affecting approximately one-third of the United
States population, obesity is the most common nutri-
tional problem in the US, and its prevalence worldwide
has risen steadily over the past few decades.* In 1995,
health care costs attributable to obesity in the United
States were estimated to be nearly $100 billion and it has
been identified as the second leading cause of preventable
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death in the country.® Obesity is a primary risk factor
for the development of diabetes mellitus, hypertension,
hyperlipidemia, and other cardiovascular disorders. Obe-
sity is also associated with sleep apnea, osteoarthritis,
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Scheme 1. Synthesis of 2,3,4,4a-tetrahydro-1H-pyrazino[l,2-a]quin-
oxalin-5-(6H)ones and 2,3,4,4a,5,6-hexahydro-1H-pyrazino[1,2-a]-
quinoxalines:® (a) Et;N, DMSO, 60 °C; (b) Fe, AcOH, 60°C; (c) NaH,
CH;I; (d) H,, 5% Pd/C, EtOH or KOH, H,0:CH;0H, 100°C or
HBr, AcOH; (e) BH; - THF, THF.
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gallbladder disease, degenerative joint disease, respira-
tory disorders, and certain forms of cancer.3->

There is evidence to suggest that the effect of 5-HT on
appetite and food intake is mediated in part by activa-
tion of the 5-HT,¢ receptors.” In 1995, Tecott and co-
workers demonstrated that transgenic mice lacking the
5-HT,c receptor became obese due to increased food
intake.?® Additionally, compounds that antagonize the
5-HT,c receptor can lead to increased food intake in
animals and weight gain in humans.® In 1997, Sargent et
al. reported that m-chlorophenylpiperazine (m-CPP), a
non-selective 5-HT,c partial agonist, reduces appetite

and body weight in obese humans by activation of the
5-HT»c receptor.’

A substructure search through our corporate compound
bank for phenylpiperazine-like agents revealed a series of
2,3.4 4a-tetrahydro-1 H-pyrazino[1,2-a]quinoxalin-5-(6 H)-
ones, all of which possess the phenylpiperazine moiety,
consistent with m-CPP. Originally evaluated as anti-
hypertensive agents,'? these compounds were chosen to
be screened for their 5-HT,¢ binding affinity. As hits were
identified from this series, additional analogues were syn-
thesized. The general synthetic procedure utilized to pre-
pare these compounds is outlined in Scheme 1.

Table 1. 5-HT,c binding affinities for 2,3,4,4a-tetrahydro-1H-pyrazino[1,2-a]quinoxalin-5-(6 H)ones and 2,3,4,4a,5,6-hexahydro-1 H-pyrazino[1,2-a]-

quinoxalines
R ONH
R? N
H
R® NT X
Rt R°
5-HT,c binding affinities®

Antagonist Agonist

Compounds R! R? R3 R* R® X (K; (nM)£SE or (K; (nM)+SE])
% inhibition @ 1 pM)

1 H H H H H o 25% n.d.
1R H H H H H 0} 47% n.d.
18 H H H H H (0] 10% n.d.
2 Cl H H H H o 8% n.d.
3 H OCHj; H H H o 36% n.d.
4 H Cl H H H (0] 67% n.d.
4R H Cl H H H o 238+24 (3) 3441 (3)
5 H CH; H H H o 0% n.d.
6 H OH H H H (0] 24% n.d.
7 H F H H H o 26% n.d.
8 H H CO,CH; H H (0] 1% n.d.
9 H H Cl H H o) 33% n.d.
10 H H CF; H H 0} 46% n.d.
11 H H NHCOCF; H H (0] 21% n.d.
12 H H CONH, H H o 5% n.d.
13 H H NH, H H 0} 0% n.d.
14 H H N(n-Bu), H H (0] 7% n.d.
15 H H F H H o 7% n.d.
16 H H COPh H H (0] 9200 (1) 2150+100 (3)
17 H H H Cl H (0] 15% n.d.
18 H H H F H o 48% n.d.
19 H H H H CH; 0} 9% n.d.
20 Cl Cl H H H (0] 1700£250 (3) 1000 (1)
21 H Cl Cl H H 0} 5849 (9) 4+1 (16)
21R H Cl Cl H H 0} 32+6 (9) 3£1(11)
218 H Cl Cl H H 0} 285421 (3) 66+£3 (5)
22 H Cl H Cl H o 368433 (3) 20+3 (8)
23 H Cl CF; H H (0] 84+3 (3) 9+0.3 (3)
23R H Cl CF; H H 0} 16020 (3) 2542 (3)
238 H Cl CF; H H (0] 3600400 (3) 516+93 (3)
24 H F F H H 0} 18004350 (3) 9142 (3)
25 H H H H H H,H 22% n.d.
26 H Cl Cl H H H.H 18+1 (3) 14+0.05 (3)
26R H Cl Cl H H H,H 88+3 (3) 7£1 (3)
26S H Cl Cl H H H,H 61+1 (3) 8+1 (3)
27R H Cl CF; H H H,H 92+3 (3) 17£2 (3)

4Receptor binding studies were performed using standard radioligand binding techniques with receptor membranes isolated from a CHO-k cell line
expressing the human serotonin receptor 5-HT,¢ (h-5HT,¢). Determinations of affinities were made using ['2°I]DOI to label the agonist sites and
[*H]mesulergine to label the antagonist sites. ICsy values were calculated from nine-point-concentration curves in which each concentration was
tested in triplicate, and the K; was derived using the Cheng—Prusoff equation:!! K;_(ICs)/(1 + ([radioligand]/Ky4)). The number of independent

experiments is indicated in parentheses.
®Not determined.
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Treatment of an appropriately substituted ortho-nitro-
halobenzene with 4-carbobenzyloxypiperazine-2-car-
boxylic acid'?> affords the (ortho-nitrophenyl)-piper-
azine. Reduction of the nitro group and subsequent
cyclization of the aniline to the lactam is accomplished
using iron in acetic acid. At this point, the lactam can be
alkylated, if desired. The Cbz-protecting group is then
removed by hydrogenolysis. In the cases of substrates
with functionality sensitive to hydrogenolysis, the Cbz-
protecting group is removed by treatment with either
KOH in refluxing CH;0H-H,0'3 or by HBr in acetic
acid. The resulting quinoxalinone could then be reduced
under standard conditions using BH5;-THF in THF to
provide the 2,3,4,4a,5,6-hexahydro-1H-pyrazino[l,2-a]-
quinoxaline.

Initially, the racemic compounds were separated into
their enantiomeric pairs by chiral HPLC. Alternatively,
the required enantiomer was prepared by the same route
utilizing the known (R)- or (S)-4-carbobenzyloxypiper-
azine-2-carboxylic acid.'

All of the analogues were tested for their 5-HT,c antago-
nist binding affinity and these results are presented in
Table 1. From the antagonist binding data available, sev-
eral generalizations can be surmised. Monosubstitution
at R%, R3, or R* has a pronounced effect on binding
affinity, varying the % inhibition observed at 1 pM from
0% (5, R>=CH;) to 67% (4, R>=Cl) for R>-substitu-
tion, 0% (13, R3=NH,) to 46% (10, R3=CF3) for R3-
substitution, and 15% (17, R*=Cl) to 48% (18, R*=F)
for R*-substitution. In contrast, substitution at R! or R>
exhibits no effect, or perhaps a modest decrease, in
the antagonist affinity (1 vs 2 and 1 vs 19). Monochloro-
substitution at R? (similar to m-CPP) gives a higher
binding affinity (4, 67%) than monochloro-substitution
at R' (2, 8%), R?* (9, 33%), or R* (17, 15%). Interest-
ingly, reduction of the quinoxalinone (X=0) to the
quinoxaline (X=H,H) exhibited almost no effect on
the antagonist binding affinity (1 vs 25, 21 vs 26 and
23R vs 27R). The most active compounds are those
with disubstitution at R? and R3 (21, 23, and 26). In
the case of the quinoxalinones (1, 4, 21 and 23), the
(R)-enantiomer was found to be the eutomer; how-
ever, the 5-HT,¢ receptor failed to discriminate between
the enantiomers of the quinoxaline 26. All of the
compounds tested exhibited a higher selectively for
agonist binding over antagonist binding, suggestive of
functional agonist activity.

The results of the functional studies measuring [*H]ino-
sitol monophosphate ([*HJIP) formation from CHO
cells expressing human 5-HT,c receptors are depicted
in Table 2.'5 In the quinoxalinone series, the (R)-enan-
tiomers of 21 and 23 demonstrated the most potent
activity and functioned as full agonists, while the (S)-
enantiomers were less potent and failed to exhibit a
maximal response when compared to serotonin. In
contrast, in the quinoxaline series (26), there was no
significant difference in potency; however, the (R)-iso-
mer did exhibit full agonism whereas the maximal effect
produced by the (S)-isomer was less than that observed
with 5-HT.

Table 2. 5-HT,c agonist functional activities for selected compounds

Compounds 5-HT,. agonist functional activity*
ECsy (nM) £ SE % Emax = SE
4(R) 86+13 (4) 95+2 (4)
21 12+0.1 (2) 110+2.5(2)
21(R) 8+3(2) 112+£0.5 (2)
21(S) 290 £27 (2) 88+4(2)
23 136 46 (3) 108+5 (3)
23(R) 19 (1) 97 (1)
23(5) 2600 (1) 85 (1)
26 7.6+0.7 (3) 96+3 (3)
26(R) 49+15(2) 1077 (2)
26(S) 45422 (2) 82+5(2)
27(R) 19+8(2) 76+9 (2)

2ECso values were derived from six-point-concentration-response
curves in which each concentration was tested in duplicate. E.x
values indicate relative efficacy compared to a maximally effective 5-
HT concentration. The number of independent experiments is indi-
cated in parentheses.

Because compound 21R exhibited potent functional
activity as a full agonist, it was tested in vivo using a rat
feeding model.!'® Compound 21R, when administered to
fasted, male Sprague-Dawley rats, produced a dose-
dependent decrease in food intake with EDs, values of

2mg/kg (ip) and 10 mg/kg (po).

In summary, a series of 2,3,4,4a-tetrahydro-1H-pyr-
azino[1,2-a]quinoxalin-5-(6 H)ones and 2,3,4,4a,5,6-hexa-
hydro-1H-pyrazino[1,2-a]quinoxalines were synthesized
and shown to exhibit potent 5-HT,¢ agonist activity in
vitro and in vivo.
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