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USE OF GHRELIN RECEPTOR INVERSE AGONISTS OR ANTAGONISTS FOR
TREATING SLEEP DISORDERS

FIELD OF THE INVENTION
The present invention relates to compounds that are ghrelin receptor inverse
agonists/antagonists useful for treating sleep disorders. The invention also relates to

pharmaceutical compositions containing such compounds.

BACKGROUND

Insomnia, the most common sleep disorder, affects approximately 50-70 million
American adults. It is characterized by difficulty falling asleep, waking frequently during
the night, waking too early and not being able to return to sleep, or waking up and not
feeling refreshed.

Early treatments for insomnia commonly employed central nervous system
(CNS) depressants such as barbiturates. These compounds typically have long half
lives and have a well-known spectrum of side effects, including lethargy, confusion,
depression and next day hangover effects. In addition, chronic use has been associated
with a high potential for addiction involving both physical and psychological
dependence. Treatments moved away from barbiturates and other CNS depressants
toward the benzodiazepine class of sedative-hypnotic agents. This class of compounds
produces a calming effect that results in a sleep-like state in patients and animals, with
a greater safety margin than prior hypnotics. However, many benzodiazepines possess
side effects that limit their usefulness in certain patient populations. These problems
include synergy with other CNS depressants (especially alcohol), the development of
tolerance upon repeat dosing, rebound insomnia following discontinuation of dosing,
hangover effects the next day and impairment of psychomotor performance and
memory. More recent treatments for insomnia have used non-benzodiazepine
compounds. Ambien (zolpidem), Sonata (zaleplon) are examples of approved drug
products. A need exists in the art for safe and therapeutically effective
non-benzodiazepine agents for treating sleep disorders.

Night Eating Syndrome (NES) is generaily associated with insufficient food intake
in the first half of the day, evening hyperphagia and then insomnia and also sleep
awakenings. See, e.g., Vander Wal, Jillon S., Clinical Psychology Review (2012)
32(1), 49-59. Despite increased awareness of NES, it is still not recognized, and more
importantly, approaches to treatment continue to be investigated without success.
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The present invention relates to the use of ghrelin receptor inverse agonists or

antagonists for treating sleep disorders.

SUMMARY OF THE INVENTION _

The present invention relates to methods of treating sleep disorders in patients
comprising administering to the patient, in need of such treatment, a therapeutically
effective amount of a ghrelin receptor inverse agonist or antagonist.

In another embodiment, the present invention relates to methods of treating
sleep disorders in patients comprising administering to the patient, in need of such
treatment, a pharmaceutical composition comprising a therapeutically effective amount
of a ghrelin receptor inverse agonist or antagonist and at least one pharmaceutically

acceptable carrier, diluent, or excipient.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a graphical illustration of the effects of Example 1 at reducing locomotor
activity in male Wistar Han rats at 35-65 minutes post dosing via oral gavage.

Figure 2 is a graphical illustration of the somnolence effects of Example 1 in humans.

Figure 3 is an example of an animal’s individual activity pattern after once a day (QD)

administration of Example 1 or vehicle.

Figure 4 is an example of an animal’s individual food intake pattern after QD
administration of Example 1 or vehicle.

Figure. 5 provides the change in sleep duration within 3 hours following evening

administration of Example 1.

Figure 6 provides the change in food intake within 3 hours following evening
administration of Example 1.

DETAILED DESCRIPTION OF THE INVENTION
In another embodiment, the present invention relates to methods of treating

primary insomnia in patients comprising administering to the patient, in need of such
2
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treatment, a therapeutically effective amount of a ghrelin receptor inverse agonist or
antagonist.

In another embodiment, the present invention relates to methods of treating
excessive daytime sleepiness in patients comprising administering to the patient, in
need of such treatment, a therapeutically effective amount of a ghrelin receptor inverse
agonist or antagonist. The methods of present invention include treating excessive
daytime sleepiness in patients diagnosed with Prader-Willi syndrome.

In another embodiment, the present invention relates to methods of treating NES
in patients comprising administering to the patient, in need of such treatment, a
therapeutically effective amount of a ghrelin receptor inverse agonist or antagonist.

In another embodiment, the present invention relates to methods of treating
primary insomnia in patients comprising administering to the patient, in need of such
treatment, a pharmaceutical composition comprising a therapeutically effective amount
of a ghrelin receptor inverse agonist or antagonist and at least one pharmaceutically
acceptable carrier, diluent, or excipient.

In another embodiment, the present invention relates to methods of treating
excessive daytime sleepiness in patients comprising administering to the patient, in
need of such treatment, a pharmaceutical composition comprising a therapeutically
effective amount of a ghrelin receptor inverse agonist or antagonist and at least one
pharmaceutically acceptable carrier, diluent, or excipient. The methods of present
invention include treating excessive daytime sleepiness in patients diagnosed with
Prader-Willi syndrome.

In another embodiment, the present invention relates to methods of treating NES
in patients comprising administering to the patient, in need of such treatment, a
pharmaceutical composition comprising a therapeutically effective amount of a ghrelin
receptor inverse agonist or antagonist and at least one pharmaceutically acceptable
carrier, diluent, or excipient.

In another embodiment, the present invention relates to a method of treating
sleep disorders in patients comprising administering to the patient, in need of such
treatment, a therapeutically effective amount of (R)-2-(2-methylimidazo[2,1-b]thiazol-6-
yl)-1-(2-(5-(6-methylpyrimidin-4-yl)-2, 3-dihydro-1H-inden-1-yl)-2, 7-diazaspiro[3.5]nonan-
7-yh)ethanone, or a pharmaceutically acceptable salt thereof.

In another embodiment, the present invention relates to a method of treating
primary insomnia in patients comprising administering to the patient, in need of such

treatment, a therapeutically effective amount of (R)-2-(2-methylimidazo[2,1-b]thiazol-6-
3
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y1)-1 -(2-(5-(8-methylpyrimidin-4-y1)-2, 3-dihydro-1H-inden-1 -yl)-2,7-diazaspiro[3.5]nonan-
7-yl)ethanone, or a pharmaceutically acceptable salt thereof.

In another embodiment, the present invention relates to a method of treating
excessive daytime sleepiness in patients comprising administering to the patient, in
need of such treatment, a therapeutically effective amount of (R)-2-(2-
methylimidazo[2,1-bjthiazol-6-yl)-1 -(2-(5-(6-methylpyrimidin-4-yl)-2,3-dihydro-1 H-inden-
1-yI)-2,7-diazaspiro[3.5]nonan-7-yl)ethanone, or a pharmaceutically acceptable salt
thereof. The methods of present invention are useful for treating excessive daytime
sleepiness in patients diagnosed with Prader-Willi syndrome.

In another embodiment, the present invention relates to methods of treating NES
in patients comprising administering to the patient, in need of such treatment, a
therapeutically effective amount of (R)-2—(2—methylimidazo[Z,1-b]thiazol-6-y|)-1-(2-(5-(6-
methylpyrimidin-4-y!)-2,3-dihydro-1 H-inden-1-yl)-2,7-diazaspiro[3.5]nonan-7-
ylethanone, or a pharmaceutically acceptable salt thereof.

In another embodiment, the present invention relates to methods of treating
sleep disorders in patients comprising administering to the patient, in need of such
treatment, a pharmaceutical composition comprising a therapeutically effective amount
of (R)-2-(2-methylimidazo[2,1 -b]thiazol-6-yl)-1-(2-(5-(6-methyl pyrimidin-4-yl)-2,3-
dihydro-1H-inden-1-yl)-2,7-diazaspiro[3.5]nonan-7-yl)ethanone, or a pharmaceutically
acceptable salt thereof, and at least one pharmaceutically aéceptable carrier, diluent, or
excipient.

In another embodiment, the present invention relates to methods of treating
primary insomnia in patients comprising administering to the patient, in need of such
treatment, a pharmaceutical composition comprising a therapeutically effective amount
of (R)—2-(2-methylimidazo[2,1—b]_thiazoI-G-yl)-1-(2-(5-(6-methylpyrimidin-4-y|)-2,3-
dihydro-1H-inden-1-yl)—2,7-diazaspiro[3.5]nonan-7-y|)ethanone, or a pharmaceutically
acceptable salt thereof, and at least one pharmaceutically acceptable carrier, diluent, or
excipient.

In another embodiment, the present invention relates to methods of treating
excessive daytime sleepiness in patients comprising administering to the patient, in
need of such treatment, a pharmaceutical composition comprising a therapeutically
effective amount of (R)-2-(2-methylimidazo[2,1—b]thiazol-6-yl)-1-(2-(5-(6-
methylpyrimidin-4-yl)-2,3-dihydro-1 H-inden-1-yl)-2,7-diazaspiro[3.5]nonan-7-
ylethanone, or a pharmaceutically acceptable salt thereof, and at least one

pharmaceutically acceptable carrier, diluent, or excipient. The methods of present
4
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invention are useful for treating excessive daytime sleepiness in patients diagnosed with
Prader-Willi syndrome.

In another embodiment, the present invention relates to methods of treating NES
in patients comprising administering to the patient, in need of such treatment, a
pharmaceutical composition comprising a therapeutically effective amount of (R)-2-(2-
methylimidazo[2,1-b]thiazol-6-yl)-1-(2-(5~(6-methylpyrimidin-4-yl)-2,3-dihydro-1H-inden-
1-yl)-2,7-diazaspiro[3.5]nonan-7-yl)ethanone, or a pharmaceutically acceptable salt
thereof, and at least one pharmaceutically acceptable carrier, diluent, or excipient.

In another embodiment, the present invention also provides:

the use of a ghrelin receptor inverse agonist or antagonist as described herein,
for the manufacture of a medicament for treating a sleep disorder, particularly primary
insomnia, excessive daytime sleepiness or NES;

a ghrelin receptor inverse agonist or antagonist as described herein for use as a
medicament;

a ghrelin receptor inverse agonist or antagonist as described herein for use in the
treatment of a sleep disorder, particutarly primary insomnia, excessive daytime
sleepiness or NES;

a pharmaceutical composition comprising a ghrelin receptor inverse agonist or
antagonist as described herein and a pharmaceutically acceptable excipient; and

a pharmaceutical composition for treatment of a sleep disorder, particularly
primary insomnia, excessive daytime sleepiness or NES, comprising a ghrelin receptor
inverse agonist or antagonist as described herein;

particularly where the ghrelin receptor inverse agonist or antagonist may be (R)-
2-(2-methylimidazo[2, 1-b]thiazol-8-yl)-1-(2-(5-(6-methylpyrimidin-4-yl)-2,3-dihydro-1H-
inden-1-yl)-2,7-diazaspiro[3.5]nonan-7-yl)ethanone or a pharmaceutically acceptable
salt thereof.

(R)-2-(2-methylimidazo[2, 1-b]thiazol-6-yl)-1-(2-(5-(6-methylpyrimidin-4-y1)-2,3-
dihydro-1H-inden-1-yl)-2,7-diazaspiro[3.5]nonan-7-yl)ethanone or a pharmaceutically
acceptable salt thereof may simply be generally referenced herein as Example 1.

In another embodiment, the present invention also provides any method
discussed herein where the ghrelin receptor inverse agonist or antagonist, particularly
R)-2-(2-methylimidazo[2, 1-b]thiazol-8-yl)-1-(2-(5-(6-methylpyrimidin-4-yl)-2,3-dihydro-
1H-inden-1-yl)-2,7-diazaspiro[3.5]nonan-7-yl)ethanone or a pharmaceutically
acceptable salt thereof, is administered in combination with another pharmacologically

active agent.
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In another embodiment, the ghrelin receptor inverse agonist or antagonist,
particularly Example 1, may be employed in combination with other pharmacologically
active agents, also referred to as compounds, which are known in the art, either
administered separately or in the same pharmaceutical compositions, include, but are
not limited to: insulin sensitizers including (i) PPAR.gamma. antagonists such as
glitazones (e.g. ciglitazone; darglitazone; englitazone; isaglitazone (MCC-555);
pioglitazone; rosiglitazone; troglitazone; tularik; BRL49653; CLX-0921; 5-BTZD), GW-
0207, LG-100641, and LY-300512, and the like); (iii) biguanides such as metformin and
phenformin; (b) insulin or insulin mimetics, such as biota, LP-100, novarapid, insulin
detemir, insulin lispro, insulin glargine, insulin zinc suspension (lente and ultralente);
Lys-Pro insulin, GLP-1 (73-7) (insulintropin); and GLP-1 (7-36)-NH.sub.2); (c)
sulfonylureas, such as acetohexamide; chlorpropamide; diabinese; glibenclamide;
glipizide; glyburide; glimepiride; gliclazide; glipentide; gliquidone; glisolamide;
tolazamide: and tolbutamide; (d) .alpha.-glucosidase inhibitors, such as acarbose,
adiposine; camiglibose; emiglitate; miglitol; voglibose; pradimicin-Q; salbostatin; CKD-
711: MDL-25,637; MDL-73,945; and MOR 14, and the like; (e) cholesterol lowering
agents such as (i) HMG-CoA reductase inhibitors (atorvastatin, itavastatin, fluvastatin,
lovastatin, pravastatin, rivastatin, rosuvastatin, simvastatin, and other statins), (ii) bile
acid absorbers/sequestrants, such as cholestyramine, colestipol, dialkylaminoalkyl
derivatives of a cross-linked dextran; Colestid.RTM.; LoCholest.RTM., and the like, (ii)
nicotinyl alcohol, nicotinic acid or a salt thereof, (iii) proliferator-activater receptor .alpha.
agonists such as fenofibric acid derivatives (gemfibrozil, clofibrate, fenofibrate and
benzafibrate), (iv) inhibitors of cholesterol absorption such as stanol esters, beta-
sitosterol, sterol glycosides such as tiqueside; and azetidinones such as ezetimibe, and
the like, and (acyl CoA:cholesterol acyltransferase (ACAT)) inhibitors such as
avasimibe, and melinamide, (v) anti-oxidants, such as probucol, (vi) vitamin E, and (vii)
thyromimetics; (f) PPAR.alpha. agonists such as beclofibrate, benzafibrate, ciprofibrate,
clofibrate, etofibrate, fenofibrate, and gemfibrozil; and other fibric acid derivatives, such
as Atromid.RTM., Lopid.RTM. and Tricor.RTM., and the like, and PPAR.alpha. agonists
as described in WO 97/36579 by Glaxo; (g) PPAR.delta. agonists; (h) PPAR
.alpha./.delta. agonists, such as muraglitazar, and the compounds disclosed in U.S. Pat.
No. 6,414,002; and (i) anti-obesity agents, such as (1) growth hormone secretagogues,
growth hormone secretagogue receptor agonists/antagonists, such as NN703,
hexarelin, MK-0677, SM-130686, CP-424,391, L-692,429, and L-163,255; (2) protein

tyrosine phosphatase-1B (PTP-1B) inhibitors; (3) cannabinoid receptor ligands, such as
6
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cannabinoid CB.sub.1 receptor antagonists or inverse agonists, such as rimonabant
(Sanofi Synthelabo), AMT-251, and SR-14778 and SR 141716A (Sanofi Synthelabo),
SLV-319 (Solvay), BAY 65-2520 (Bayer); (4) anti-obesity serotonergic agents, such as
fenfluramine, dexfenfluramine, phentermine, and sibutramine; (5) .beta.3-
adrenoreceptor agonists, such as AD9677/TAK677 (Dainippon/Takeda), CL-316,243,
SB 418790, BRL-37344, L-796568, BMS-196085, BRL-35135A, CGP12177A, BTA-243,
Trecadrine, Zeneca D7114, SR 59119A,; (6) pancreatic lipase inhibitors, such as orlistat
(Xenical.RTM.), Triton WR1339, RHC80267, lipstatin, tetrahydrolipstatin, teasaponin,
diethylumbelliferyl phosphate; (7) neuropeptide Y1 antagonists, such as BIBP3226, J-
115814, BIBO 3304, LY-357897, CP-671906, GI-264879A; (8) neuropeptide Y5
antagonists, such as GW-569180A, GW-594884A, GW-587081X, GW-548118X,
FR226928, FR 240662, FR252384, 1229U91, GI-264879A, CGP71683A, LY-377897,
PD-160170, SR-120562A, SR-120819A and JCF-104; (9) melanin-concentrating
hormone (MCH) receptor antagonists; (10) melanin-concentrating hormone 1 receptor
(MCH1R) antagonists, such as T-226296 (Takeda); (11) melanin-concentrating
hormone 2 receptor (MCH2R) agonist/antagonists; (12) orexin receptor antagonists,
such as SB-334867-A, and those disclosed in patent publications herein; (13) serotonin
reuptake inhibitors such as fluoxetine, paroxetine, and sertraline; (14) melanocortin
agonists, such as Melanotan Il; (15) other Mc4r (melanocortin 4 receptor) agonists,
such as CHIR86036 (Chiron), ME-10142, and ME-10145 (Melacure), CHIR86036
(Chiron); PT-141, and PT-14 (Palatin); (16) 5HT-2 agonists; (17) 5HT2C (serotonin
receptor 2C) agonists, such as BVT933, DPCA37215, WAY161503, R-1065; (18)
galanin antagonists; (19) CCK agonists; (20) CCK-A (cholecystokinin-A) agonists, such
as AR-R 15849, GI 181771, JMV-180, A-71378, A-71623 and SR14613; (22)
corticotropin-releasing hormone agonists; (23) histamine receptor-3 (H3) modulators;
(24) histamine receptor-3 (H3) antagonists/inverse agonists, such as hioperamide, 3-
(1H-imidazol-4-yl)propyl N-(4-pentenyl)carbamate, clobenpropit, iodophenpropit,
imoproxifan, GT2394 (Gliatech), and O-[3-(1H-imidazol-4-yl)propanol]-carbamates; (25)
.beta.-hydroxy steroid dehydrogenase-1 inhibitors (.beta.-HSD-1); 26) PDE
(phosphodiesterase) inhibitors, such as theophylline, pentoxifylline, zaprinast, sildenafil,
aminone, milrinone, cilostamide, rolipram, and cilomilast; (27) phosphodiesterase-38
(PDE3B) inhibitors; (28) NE (norepinephrine) transport inhibitors, such as GW 320659,
despiramine, talsupram, and nomifensine; (29) a second or third ghrelin receptor
inverse agonst or antagonist; (30) leptin, including recombinant patient leptin (PEG-OB,

Hoffman La Roche) and recombinant methionyl patient leptin (Amgen); (31) leptin
7



10

15

20

25

30

35

WO 2013/182933 PCT/IB2013/054177

derivatives; (32) BRS3 (bombesin receptor subtype 3) agonists such as [D-Phe6,beta-
Ala11,Phe13,Nle14]Bn(6-14) and [D-Phe6,Phe13]Bn(6-13)propylamide, and those
compounds disclosed in Pept. Sci. 2002 August; 8(8): 461-75); (33) CNTF (Ciliary
neurotrophic factors), such as GI-181771 (GlaxoSmithKline), SR146131 (Sanofi
Synthelabo), butabindide, PD170,292, and PD 149164 (Pfizer); (34) CNTF derivatives,
such as axokine (Regeneron); (35) monoamine reuptake inhibitors, such as
sibutramine; (36) UCP-1 (uncoupling protein-1), 2, or 3 activators, such as phytanic
acid, 4—[(E)-2—(5,6,7,8-tetrahydro—5,5,8,8-tetramethyl-2-napthalenyl)-1—propeny-
[lbenzoic acid (TTNPB), retinoic acid; (37) thyroid hormone .beta. agonists, such as KB-
2611 (KaroBioBMS); (38) FAS (fatty acid synthase) inhibitors, such as Cerulenin and
C75; (39) DGAT1 (diacylglycerol acyltransferase 1) inhibitors; (40) DGAT2
(diacylglycerol acyltransferase 2) inhibitors; (41) ACC2 (acetyl-CoA carboxylase-2)
inhibitors; (42) glucocorticoid antagonists; (43) acyl-estrogens, such as oleoyl-estrone,
disclosed in del Mar-Grasa, M. et al., Obesity Research, 9:202-9 (2001); (44) dipeptidyl
peptidase IV (DP-1V) inhibitors, such as isoleucine thiazolidide, valine pyrrolidide, NVP-
DPP728, LAF237, MK-431, P93/01, TSL 225, TMC-2A/2B/2C, FE 999011,
P9310/K364, VIP 0177, SDZ 274-444; (46) dicarboxylate transporter inhibitors; (47)
glucose transporter inhibitors; (48) phosphate transporter inhibitors; (49) Metformin
(Glucophage.RTM.); and (50) Topiramate (Topimax.RTM.); and (50) peptide YY, PYY
3-36, peptide YY analogs, derivatives, and fragments such as BIM-43073D, BIM-
43004C (Olitvak, D. A. et al., Dig. Dis. Sci. 44(3):643-48 (1999)); (51) Neuropeptide Y2
(NPY2) receptor agonists such NPY3-36, N acetyl [Leu(28,31)] NPY 24-36, TASP-V,
and cyclo-(28/32)-Ac-[Lys28-Glu32]-(25-36)-pNPY; (52) Neuereptide Y4 (NPY4)
agonists such as pancreatic peptide (PP), and other Y4 agonists such as 1229U91; (54)
cyclooxygenase-2 inhibitors such as etoricoxib, celecoxib, valdecoxib, parecoxib,
lumiracoxib, BMS347070, tiracoxib or JTE522, ABT963, CS502 and GW406381, and
pharmaceutically acceptable salts thereof; (65) Neuropeptide Y1 (N PY1) antagonists
such as BIBP3226, J-115814, BIBO 3304, LY-357897, CP-6719086, GI-264879A; (56)
Opioid antagonists such as naimefene (Revex.RTM.), 3-methoxynaltrexone, naloxone,
naltrexone; (57) 11.beta. HSD-1 (11-beta hydroxy steroid dehydrogenase type 1)
inhibitor such as BVT 3498, BVT 2733; (58) a minorex; (59) amphechloral; (60)
amphetamine; (61) benzphetamine; (62) chlorphentermine; (63) clobenzorex; (64)
cloforex; (65) clominorex; (66) clortermine; (67) cyclexedrine; (68) dextroamphetamine;
(69) diphemethoxidine, (70) N-ethylamphetamine; (71) fenbutrazate; (72) fenisorex; (73)

fenproporex; (74) fludorex; (75) fluminorex; (76) furfurylmethylamphetamine; (77)
8
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levamfetamine; (78) levophacetoperane; (79) mefenorex; (80) metamfepramone; (81)
methamphetamine; (82) norpseudoephedrine; (83) pentorex; (84) phendimetrazine; (85)
phenmetrazine; (86) picilorex; (87) phytopharm 57; and (88) zonisamide.

The term “pharmaceutically acceptable salt” as used herein means those salts
which are, within the scope of sound medical judgement, suitable for use in contact with
the tissues of patients and lower animals without undue toxicity, irritation, allergic
response and the like and are commensurate with a reasonable benefit/risk ratio.
Pharmaceutically acceptable salts are well-known in the art. For example, S. M. Berge
et al. describe pharmaceutically acceptable salts in detail in Berge et al., J.
Pharmaceutical Sciences, 1977, 66: 1-19. The salts can be prepared in situ during the
final isolation and purification of Example 1 of the present invention or separately by
reacting the free base of Example 1 with a suitable organic or inorganic acid.
Representative acid addition salts include, but are not limited to acetate, adipate,
alginate, citrate, aspartate, benzoate, benzenesulfonate, bicarbonate, bisulfate,
butyrate, camphorate, camphorsufonate, citrate, digluconate, glycerophosphate,
hemisulfate, heptanoate, hexanoate, fumarate, hydrochloride, hydrobromide,
hydroiodide, 2-hydroxyethansulfonate (isethionate), lactate, maleate, methanesulfonate,
nicotinate, 2-naphthalenesulfonate, oxalate, pamoate, pectinate, persulfate, 3-
phenylpropionate, phosphate, picrate, pivalate, propionate, succinate, sulphate, tartrate,
thiocyanate, and p-toluenesulfonate.

The term “ghrelin receptor” as used herein means a G protein-coupled receptor,
known as the growth hormone secretagogue receptor (GHSR1a or GHS-1aR).

The term “sleep disorders” as used herein includes approximately 70 syndromes
characterized by disturbance in the patient's amount of sleep, quality or timing of sleep,
or in behaviors or physiological conditions associated with sleep. Representative
examples of sleep disorder syndromes include, but are not limited to, insomnia, primary
insomnia, sleep apnea, narcolepsy, restless leg syndrome, circadian rhythm sleep
disorder, REM sleep behavior disorder, somnambulism (sleepwalking), sleep bruxism
(teeth grinding), hypersomnia, exploding head syndrome, sleep paralysis, and
excessive daytime sleepiness (EDS).

EDS is one of the typical features of patients with Prader-Willi syndrome (PWS);
caregivers describe PWS children as sleepy and with highly frequent daytime napping.
EDS is demonstrated with reduced sleep onset latencies both at nightime and during

the daytime on the multiple sleep latency test. Parental reports and questionnaires
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show the presence of EDS in 80-100% of adults with PWS. PWS patients also have
higher self-reported levels of EDS, compared with other intellectual disability groups and
non-PWS controls. ‘

“NES has been characterized in terms of eating patterns, sleep disturbances,
clinical course, and familial aggregation. In comparison to healthy controls, persons with
NES consume a significantly greater proportion of their calories after the evening meal,
wake more often during the night, and are more likely to eat upon awakening than
controls.” Vander Wal, supra, p 50, reference to an internal Table and citations omitted.

The term “patient” as used herein means a human.

The present invention also provides pharmaceutical compositions which
comprise a ghrelin receptor inverse agonist or antagonist, particularly Example 1,
formulated together with one or more non-toxic pharmaceutically acceptable carriers.
The pharmaceutical compositions may be specially formulated for oral administration in
solid or liquid form, for parenteral injection, or for rectal administration.

The term "pharmaceutically acceptable carrier” as used herein means a non-
toxic, inert solid, semi-solid or liquid filler, diluent, encapsulating material or formulation
auxiliary of any type. Some examples of materials which can serve as pharmaceutically
acceptable carriers are sugars such as lactose, glucose and sucrose; starches such as
corn starch and potato starch; cellulose and its derivatives such as sodium
carboxymethyl! cellulose, ethyl cellulose and cellulose acetate; powdered tragacanth;
malt; gelatin; talc; excipients such as cocoa butter and suppository waxes; oils such as
peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and soybean oil;
glycols; such a propylene glycol; esters such as ethyl oleate and ethyl laurate; agar;
buffering agents such as magnesium hydroxide and aluminum hydroxide; alginic acid;
pyrogen-free water; isotonic saline; Ringer's solution; ethyl alcohol, and phosphate
buffer solutions, as well as other non-toxic compatible lubricants such as sodium lauryl
sulfate and magnesium stearate, as well as coloring agents, releasing agents, coating
agents, sweetening, flavoring and perfuming agents, preservatives and antioxidants can
also be present in the composition, according to the judgment of the formulator. The
present invention provides pharmaceutical compositions which comprise a ghrelin
receptor inverse agonist or antagonist, particularly Example 1, formulated together with
one or more non-toxic pharmaceutically acceptable carriers. The pharmaceutical
compositions can be formulated for oral administration in solid or liquid form, for

parenteral injection or for rectal administration.
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The pharmaceutical compositions of this invention can be administered to
patients orally, parenterally, intraperitoneally, topically (as by powders, ointments or
drops), bucally or as an oral or nasal spray. The term "parenterally,” as used herein,
refers to modes of administration which include intravenous, intramuscular,
intraperitoneal, intrasternal, subcutaneous, intraarticular injection and infusion.

Pharmaceutical compositions of this invention for parenteral injection comprise
pharmaceutically acceptable sterile aqueous or nonaqueous solutions, dispersions,
suspensions or emulsions and sterile powders for reconstitution into sterile injectable
solutions or dispersions. Examples of suitable aqueous and nonaqueous carriers,
diluents, solvents or vehicles include water, ethanol, polyols (propylene glycol,
polyethylene glycol, glycerol, and the like), suitable mixtures thereof, vegetable oils
(such as olive oil) and injectable organic esters such as ethyl oleate. Proper fluidity may
be maintained, for example, by the use of a coating such as lecithin, by the
maintenance of the required particle size in the case of dispersions, and by the use of
surfactants.

These compositions may also contain adjuvants such as preservative agents,
wetting agents, emulsifying agents, and dispersing agents. Prevention of the action of
microorganisms may be ensured by various antibacterial and antifungal agents, for
example, parabens, chlorobutanol, phenol, sorbic acid, and the like. It may also be
desirable to include isotonic agents, for example, sugars, sodium chloride and the like.
Prolonged absorption of the injectable pharmaceutical form may be brought about by
the use of agents delaying absorption, for example, aluminum monostearate and
gelatin.

In some cases, in order to prolong the effect of a drug, it is often desirable to
slow the absorption of the drug from subcutaneous or intramuscular injection. This may
be accomplished by the use of a liquid suspension of crystalline or amorphous material
with poor water solubility. The rate of absorption of the drug then depends upon its rate
of dissolution which, in turn, may depend upon crystal size and crystalline form.
Alternatively, delayed absorption of a parenterally administered drug form is
accomplished by dissolving or suspending the drug in an oil vehicle.

Suspensions, in addition to the ghrelin receptor inverse agonist or antagonist,
particularly Example 1, may contain suspending agents, as, for example, ethoxylated
isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters, microcrystalline
cellulose, aluminum metahydroxide, bentonite, agar-agar, tragacanth, and mixtures

thereof.
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If desired, and for more effective distribution, the ghrelin receptor inverse agonist
or antagonist, particularly Example 1, of the present invention can be incorporated into
slow-release or targeted-delivery systems such as polymer matrices, liposomes, and
microspheres. They may be sterilized, for example, by filtration through a bacteria-
retaining filter or by incorporation of sterilizing agents in the form of sterile solid
compositions, which may be dissolved in sterile water or some other sterile injectable
medium immediately before use.

The ghrelin receptor inverse agonist or antagonist, particularly Example 1, can
also be in micro-encapsulated form, if appropriate, with one or more pharmaceutically
acceptable carriers as noted above. The solid dosage forms of tablets, dragees,
capsules, pills, and granules can be prepared with coatings and shells such as enteric
coatings, release controlling coatings and other coatings well known in the
pharmaceutical formulating art. In such solid dosage forms the ghrelin receptor inverse
agonist or antagonist, particularly Example 1, can be admixed with at least one inert
diluent such as sucrose, lactose, or starch. Such dosage forms may also comprise, as
is normal practice, additional substances other than inert diluents, e.g., tableting
lubricants and other tableting aids such a magnesium stearate and microcrystalline
cellulose. In the case of capsules, tablets and pills, the dosage forms may also
comprise buffering agents. They may optionally contain opacifying agents and can also
be of such composition that they release the active ingredient(s) only, or preferentially,
in a certain part of the intestinal tract in a delayed manner. Examples of embedding
compositions which can be used include polymeric substances and waxes.

_ Injectable depot forms are made by forming microencapsulated matrices of the
drug in biodegradable polymers such as polylactide-polyglycolide. Depending upon the
ratio of drug to polymer and the nature of the particular polymer employed, the rate of
drug release can be controlled. Examples of other biodegradable polymers include
poly(orthoesters) and poly(anhydrides) Depot injectable formulations are also prepared
by entrapping the drug in liposomes or microemulsions which are compatible with body
tissues.

The injectable formulations can be sterilized, for example, by filtration through a
bacterial-retaining filter or by incorporating sterilizing agents in the form of sterile solid
compositions which can be dissolved or dispersed in sterile water or other sterile
injectable medium just prior to use.

Injectable preparations, for example, sterile injectable aqueous or oleaginous

suspensions may be formulated according to the known art using suitable dispersing or
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wetting agents and suspending agents. The sterile injectable preparation may also be a
sterile injectable solution, suspension or emulsion in a nontoxic, parenterally acceptable
diluent or solvent such as a solution in 1,3-butanediol. Among the acceptable vehicles
and solvents that may be employed are water, Ringer's solution, U.S.P. and isotonic
sodium chloride solution. In addition, sterile, fixed oils are conventionally employed as a
solvent or suspending medium. For this purpose any bland fixed oil can be employed
including synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid are
used in the preparation of injectables.

Solid dosage forms for oral administration include capsules, tablets, pills,
powders, and granules. In such solid dosage forms, the ghrelin receptor inverse
agonist or antagonist, particularly Example 1, is mixed with at least one inert
pharmaceutically acceptable carrier such as sodium citrate or calcium phosphate and/or
a) fillers or extenders such as starches, lactose, sucrose, glucose, mannitol, and
salicylic acid; b) binders such as carboxymethylcellulose, alginates, gelatin,
polyvinylpyrrolidinone, sucrose, and acacia; ¢) humectants such as glycerol; d)
disintegrating agents such as agar-agar, calcium carbonate, potato or tapioca starch,
alginic acid, certain silicates, and sodium carbonate; e) solution retarding agents such
as paraffin; f) absorption accelerators such as quaternary ammonium compounds; g)
wetting agents such as cetyl alcohol and glycerol monostearate; h) absorbents such as
kaolin and bentonite clay; and i) lubricants such as talc, calcium stearate, magnesium
stearate, solid polyethylene glycols, sodium lauryl sulfate, and mixtures thereof. In the
case of capsules, tablets and pills, the dosage form may also comprise buffering
agents.

Solid compositions of a similar type may also be employed as fillers in soft and
hard-filled gelatin capsules using lactose or milk sugar as well as high molecular weight
polyethylene glycols and the like.

The solid dosage forms of tablets, dragees, capsules, pills, and granules can be
prepared with coatings and shells such as enteric coatings and other coatings well
known in the pharmaceutical formulating art. They may optionally contain opacifying
agents and can also be of a composition that they release the active ingredient(s) only,
or preferentially, in a certain part of the intestinal tract in a delayed manner. Examples
of embedding compositions which can be used include polymeric substances and
waxes.

Liquid dosage forms for oral administration include pharmaceutically acceptable

emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In addition to
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the ghrelin receptor inverse agonist or antagonist, particularly Example 1, the liquid
dosage forms may contain inert diluents commonly used in the art such as, for example,
water or other solvents, solubilizing agents and emulsifiers such as ethyl alcohol,
isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate,
propylene glycol, 1,3-butylene glycol, dimethylformamide, oils (in particular, cottonseed,
groundnut, corn, germ, olive, castor, and sesame oils), glycerol, tetrahydrofurfuryl
alcohol, polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof.

Besides inert diluents, the oral compositions can also include adjuvants such as
wetting agents, emuisifying and suspending agents, sweetening, flavoring, and
perfuming agents.

Actual dosage levels of the ghrelin receptor inverse agonist or antagonist,
particularly Example 1, in the pharmaceutical compositions of this invention can be
varied so as to obtain an amount of the ghrelin receptor inverse agonist or antagonist,
particularly Example 1, which is effective to achieve the desired therapeutic response
for a particular patient, compositions, and mode of administration. The selected dosage
level will depend upon the activity of the particular ghrelin receptor inverse agonist or
antagonist, the route of administration, the severity of the condition being treated, and
the condition and prior medical history of the patient being treated.

The total daily dose of the ghrelin receptor inverse agonist or antagonist,
particularly Example 1, of this invention administered to a patient, from about 0.003 to
about 10 mg/kg/day. For purposes of oral administration, more preferable doses can be
in the range of from about 0.01 to about 5 mg/kg/day. Preferred doses range between
25 and 300 mgs per day. Most preferred is 75 to 200 mgs per day. If desired, the
effective daily dose can be divided into multiple doses for purposes of administration,
e.g. two to four separate doses per day.

All patents, patent applications, and literature references cited in the specification
are herein incorporated by reference in their entirety.

(R)-2-(2-methylimidazo[2, 1-b]thiazol-6-y1)-1 -(2-(5-(6-methylpyrimidin-4-yl)-2,3-
dihydro-1H-inden—1-yl)-2,7-diazaspiro[3.5]nonan-7-yl)ethanone may be prepared using
the synthetic methodology disclosed herein or in-US 201 1/0230461.
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Example 1

N%
\
N N

N’
)jﬂ N

(R)-2-(2-methylimidazo[2, 1-b]thiazol-6-yl)-1-(2-(5-(6-methylpyrimidin-4-yl)-2,3-dihydro-
1H-inden-1-yl)-2,7-diazaspiro[3.5]nonan-7-yl)ethanone

7 "N\
_(S\/L\/N>_>—OH
HCI 0

2-(2-methylimidazo[2,1-b]thiazol-6-yl)acetic acid hydrochloride

A solution of bromine (436 g, 2.73 mol) in acetic acid (750 mL) was added to a
solution of ethyl 3-oxobutanoate (355 g, 2.73 mol) in acetic acid (1000 mL). The mixture
was stirred at room temperature for 72 hours and was concentrated under reduced
pressure at 45°C to remove the acetic acid. The residue was partitioned between
methylene chloride (400 mL) and water (250 mL). The organic layer was washed with
saturated sodium bicarbonate (2 x 300 mL), water (300 mL), brine (125 mL) and was
dried over anhydrous magnesium sulfate. The solution was filtered and concentrated to
give ethyl 4-bromo-3-oxobutanoate as a yellow oil (421 g).

To a solution of 2-amino-5-methylthiazole (150 g, 1.31 mol) in acetone (1500 mL)
was slowly added ethyl 4-bromo-3-oxobutanoate (345 g, 1.65 mol). The temperature of
the reaction mixture was maintained between 22-40°C. The mixture turned into a thick
paste and acetone (300 mL) was added to facilitate stirring. After stirring at room
temperature overnight, the mixture was filtered and the filter cake was washed with
acetone to provide a white solid. The solid was washed with hexanes and was dried in a
vacuum oven at 40°C for 4 hours to give 4-(2-amino-5-methyl-thiazol)-3-oxobutyric acid
ethyl ester hydrobromide (272 g).

To 4-(2-amino-5-methyl-thiazol)-3-oxobutyric acid ethyl ester hydrobromide (272
g, 0.84 mol) was added anhydrous ethanol (675 mL) and the thick mixture was heated
at 90°C for 2 hours. During this time, the solids went into solution. The reaction mixture
was concentrated to give a brown semi-solid which was triturated with ethanol to
provide a white fluffy solid which was collected by filtration. The solids were washed
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with Et,O and dried under vacuum at 40°C for 4 hours to give ethyl (2-
methylimidazo[2,1-b][1,3]thiazol-6-yl)acetate hydrobromide (226 g).

Ethyl (2-methylimidazo[2,1-b][1 ,3]thiazol-6-yl)acetate hydrobromide (226 g, 0.74
mol) was dissolved in water (350 mL) and the solution was adjusted to pH 7 by addition
of potassium carbonate (51.0 g, 0.37 mol). The aqueous solution was extracted with
methylene chloride (300 mL) and the organic phase was washed with brine (150 mL),
dried over anhydrous magnesium sulfate, filtered and concentrated to give ethyl (2-
methylimidazo[2,1-b][1,3]thiazol-6-yl)acetate as a brown oil (151.3 g).

Ethyl (2-methylimidazo[2,1-b][1 ,3]thiazol-6-yl)acetate (151.3 g, 0.67 mol) was
dissolved in 10% aqueous HCI (435 mL) and the mixture was heated at reflux for 2
hours. The reaction mixture was cooled to room temperature and was concentrated in
vacuo to give a yellow oil. Ethanol (100 mL) and diethylether (200 mL) were added and
the resulting white precipitate was collected by filtration and dried in a vacuum oven
overnight to give 144.3 g (93%) the title compound. MS (ES+) 197.1 (M+H)". "H NMR
(CD30D) 5 2.48 (s, 3H), 3.88 (s, 2H), 7.81 (s, 1H), 7.85 (s, 1H).

H,N
(R)-5-bromo-2,3-dihydro-1H-inden-1-amine

A 22 L 5-necked round-bottomed flask was charged with 5-bromo-1-indanone
(1.0 kg, 4.72 mol), anhydrous THF (8 L) and (R)-methyl-CBS-oxazaborolidine (730 mL,
0.73 mol) and was cooled to -10°C under No. Borane-methyisulfide (10.0 M, 650 mL,
6.5 mol) was added dropwise over 1 hour while maintaining the temperature below -
5°C. The mixture was stirred at -10°C to 0°C for 3 hours and was quenched with water
(4 L) at such a rate to maintain the reaction temperature below 5°C. The mixture was
extracted with EtOAc (3 x 3 L). The combined organic extracts were washed with brine
(2 L), dried over MgSOs,, filtered and concentrated to give yellow solid. The crude
product was passed through a short silica gel column (3 L silica gel packed with 1%
EtsN in hexanes) and eluted with EtOAc/hexanes(1/3). The filtrate was concentrated
and the residue was slurried with 10% EtOAc in hexanes, filtered, and dried to give 585
g of an off-white solid as (S)-5-bromo-indan-1-ol. The mother liquors were re-
concentrated, slurried with 10% EtOAc in hexanes and filtered to give another 200 g
yellow solid as (S)-5-bromo-indan-1-ol. The combined lots (785 g, 78%) were carried

on to the next step without further purification.
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A solution of (S)-5-bromo-indan-1-ol (288 g, 1.35 mol) in toluene (2 L) was
cooled in an ice bath under N, and treated with diphenylphosphoric azide (DPPA, 400
mL, 1.85 mol) in one portion followed by a solution of 1,8-diazabicyclo[5,4,0]undec-7-
ene (300 mL, 2.01 mol) in toluene (600 mL). The reaction temperature was kept
between 3 and 10°C during the 3 hour addition and the mixture was warmed to 15°C
over 3 hours (TLC indicated no starting material). The mixture was diluted with EtOAc (1
L) and washed with water (3 x 2 L). The organic layer was dried over MgSQ,, filtered
and concentrated to give 516 g of a dark oil. The crude product was purified by silica gel
column (packed with 1% Et;N in hexanes, hexane eluant) to give (R)-1-azido-5-bromo-
indane (291 g, 90%) as an oil which was used directly in the next step.

A solution of (R)-1-azido-5-bromo-indane (154 g, 0.645 mol) was dissolved in
methanol (2.4 L) and SnCl,.2H;0 (265 g, 1.18 mol) was added. The mixture was stirred
at room temperature overnight (TLC indicated no starting material) and was
concentrated to dryness. The resulting residue was treated with 2N aqueous NaOH
(2.5 L) and EtOAc (1.5 L). The mixture was stirred for 1 hour and filtered through
Celite® with the aid of EtOAG (3 x 250 ml). The organic solution was separated and the
aqueous layer was extracted with EtOA¢ (3 x 2 L). The combined organic extracts were
washed with 1 N HCI (2 x 2 L) followed by water (2 L). The pH of the combined aqueous
layers was adjusted to 11 with cold saturated NaOH solution and the mixture was
extracted with EtOAc (3 x 2 L). The combined organic extracts were dried over MgSQ.,
filtered and concentrated to give (87.5 g, 64.0%) (R)-5-bromo-2,3-dihydro-1H-inden-1-
amine as a dark yellow oil which solidified upon refrigeration. MS (ES+) 213.9 (M+H)".
"H NMR (CDCl3) 8 1.70-1.75 (m, 1 H), 2.40-2.45 (m, 1 H), 2.77-2.82 (m, 1 H), 2.93-2.97
(m, 1 H), 4.28-4.33 (m, 1 H), 7.18-7.23 (m, 1 H), 7.36-7.41 (m, 2 H).

308

tert-butyl 4-(chloromethyl)-4-formylpiperidine-1-carboxylate
To a solution of diisopropylamine (22.6 mL, 159 mmol) in anhydrous THF (140
mL) in an oven-dried round-bottomed flask was added n-BulLi (65.4 mL, 163 mmol, 2.50
M in hexanes) dropwise at 0°C. The solution was stirred for 45 minutes and 1-tert-butyl
4-methyl piperidine-1,4-dicarboxylate (20 g, 80 mmol) in THF (60 mL) was added
dropwise at 0°C and the mixture was stirred at 0°C for 1 hour. Chloroiodomethane (17.9
mL, 239 mmol) was added dropwise and the mixture was stirred for 1 h. The mixture
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was quenched with 250 mL of saturated aqueous NaHCOs; followed by extraction with
ethyl acetate (3 x 250 mL). The combined organic layers were washed (brine, 250 mL),
dried (Na;S0,) and concentrated under reduced pressure to give a yellow oil that was
purified by silica chromatography using a Combiflash ISCO purification system
(Teledyne Isco Inc., Lincoln, NE) system to give 1-tert-butyl 4-methyl 4-
(chloromethyl)piperidine-1,4-dicarboxylate (12 g, 52%). *H NMR (CDCl3) 5 1.43 (s, 9H),
2.10-2.17 (m, 4H), 2.97 (br s, 2H), 3.56 (s, 2H), 3.74 (s, 3H), 3.83 (br s, 2H).

A solution of 1-tert-butyl 4-methyl 4-(chloromethyl)piperidine-1,4-dicarboxylate
(11.7 g, 40.2 mmol) in anhydrous THF (100 mL) was cooled to 0°C. Lithium aluminum
hydride (1N in THF, 44.3 mL, 44.3 mmol), was added slowly (15 - 20 min) and the
solution was stirred at 0°C for 25 minutes. The mixture was quenched by adding water
(1.8 mL) dropwise with great caution. Aqueous 1N NaOH (1.8 mL) was added
dropwise, and the mixture was stirred for 5 minutes. The cooling bath was removed, the
solids were filtered off, and the cake was washed with Et20 (2 x 100 mL). The filtrate
was washed with water (2 x 100 mL), brine (100 mL), dried (Na2S04) and concentrated
under reduced pressure to give tert-butyl 4-(chloromethyl)-4-(hydroxymethyl)piperidine-
1-carboxylate as a solid (9.96 g, 93.8%). '"H NMR (CDCl3) & 1.43 (s, 9H), 1.48 -1.55 (m,
4H), 3.36-3.41 (m, 4H), 3.57 (s, 2H), 3.59 (br s, 2H).

To a -78°C solution of oxalyl chloride (5.1 mL, 57 mmol) in dichloromethane (100
mL) in an oven-dried round-bottomed flask was added dimethylsulfoxide (8.2 mL, 114
mmol) in dichioromethane (17 mL). The mixture was stirred for 2 minutes and tert-butyl
4-(chloromethyl)-4-(hydroxymethyl)piperidine-1-carboxylate (13.7 g, 52 mmol) in
dichloromethane (50 mL) was added over 10 minutes. The solution was stirred for 15
minutes at -78°C and triethylamine (36 mL, 260 mmol) was added. The mixture was
stirred at -78°C for 15 minutes and was warmed to room temperature. The mixture was
stirred for 15 minutes at room temperature and was quenched with saturated aqueous
NaHCO3 (200 mL). The aqueous solution was washed with EtzO (2 x 300 mL). The
combined organic layers were washed with brine, dried (Na,S0.) and concentrated
under reduced pressure to give the title compound as a yellow oil that solidified upon
standing under nitrogen atmosphere at room temperature (13.7 g, 99%). 'H NMR
(CDCl3) 8 1.43 (s, 9H), 1.48-1.60 (m, 2H), 2.00-2.07 (m, 2H), 3.07 (t, 2H), 3.57 (s, 2H),
3.69-3.79 (m, 2H), 9.55 (s, 1H).
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(R)-tert-butyl 2-(5-bromo-2,3-dihydro-1H-inden-1-yl)-2,7-diazaspiro[3.5jnonane-7-
carboxylate

To a solution of (R)-5-bromo-2,3-dihydro-1H-inden-1-amine (1835 g, 8.66 mol) in
anhydrous methanol (24 L) was added tert-butyl 4-(chloromethyl)-4-formylpiperidine-1-
carboxylate (2310 g, 8.83 mol). The mixture was stirred at 50°C for 16 h, and cooled to
rt. Sodium cyanoborohydride (1000 g, 15.9 mol) in THF (15 L) was added via a syringe
pump over 2 hours. The mixture was stirred at 60°C for 24 hours under nitrogen with a
vent into a bleach bath. The reaction was cooled to 20°C and transferred via a cannula
into a vessel containing 24 L of 2.5M sodium hydroxide, and 30 L of DCM. The layers
were separated and the aqueous layer was extracted with DCM (2 x 5 L). The aqueous
layer was treated to destruct residual sodium cyanoborohydride. The combined organic
layers were dried (MgSQ,) and concentrated under reduced pressure. The crude
material was slurried in MTBE (7 L) by stirring at 40°C for 1 h and at rt for 1 h. The solid
was filtered, and washed with MTBE (2 x 500 mL) and dried under vacuum oven at
50°C to give the title product as a white crystals (3657 g, 90%). MS (ES+) 422.3
(M+H)". "H NMR (CDCls) & 1.44 (s, 9H), 1.67 (dd, 4H), 1.84-1.93 (m, 1H), 2.07-2.16 (m,
1H), 2.72-2.81 (m,1 H), 2.95-3.15 (m, 5H), 3.31 (dd, 4H), 3.85 (br s, 1H), 7.12 (d, 1H),
7.28 (brs, 1H), 7.35 (br s, 1H). [¢]* = +39.6 deg (¢ = 1.06 mg/mL, MeOH).

O._N =
%/ N
0

(R)-tert-butyl 2-(5-(6-methylpyrimidin-4-yl)-2,3-dihydro-1H-inden-1-yl)-2,7-
diazaspiro[3.5]nonane-7-carboxylate
To a 50 mL flask charged with (R)-tert-butyl 2-(5-bromo-2,3-dihydro-1H-inden-1-
yl)-2,7-diazaspiro[3.5]nonane-7-carboxylate (4.0 g, 9.49 mmol) was added
bis(triphenylphosphine)palladium(ll) chloride (0.17 g, 0.24 mmol), potassium acetate
(3.73 g, 37.97 mmol), bis(pinacolato)diboron (2.65 g, 10.44 mmol) followed by
degassing via vacuum then backfilling with nitrogen 5 times. De-oxygenated (nitrogen

stream for 30 minutes prior to addition) toluene (40 mL) was added to the mixture and
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the reaction was heated at 100°C for 1.5 hours. The reaction was monitored for
completion by HPLC. Upon formation of the boronic ester intermediate, the reaction was
cooled to 40°C and charged with a degassed solution of 4 M sodium hydroxide (11.87
mL, 47.46 mmol) followed by addition of 4-chioro-6-methylpyrimidine (1.53 g, 11.87
mmol). The resulting mixture was then heated to 90°C for 5 hours under nitrogen. The
reaction was cooled to room temperature and charged with water (25 mL). After stirring
for 20 minutes, the mixture was filtered to remove black solids. The organic layer was
extracted to an aqueous solution containing 1.5 equiv of HCI (40 mL). The organic layer
was removed and the resulting solution was treated with (4 g) ISOLUTE® Ultra Pure Si-
Thiol silica gel for 1.5 hours and filtered. The agqueous solution was adjusted to pH 7.8
with 4N NaOH and exfracted with toluene (40 mL). The toluene layer was concentrated
to approximately 15 mL under vacuum at 45°C and heptane (75 mL) was added slowly
and the mixture was stirred at 20°C for 1 hour. The product was filtered and dried under
vacuum at 45°C for 8 hours to afford the title compound as a white solid (3.56 g, 86%).
MS (ES+) 435.5 (M+H)". H NMR (CDCl3) & 1.46 (s, 9 H), 1.70 - 1.74 (m, 4 H), 1.90 -
2.01 (m, 1 H), 2.13-2.26 (m, 1 H), 2.59 (s, 3 H), 2.84 - 2.93 (m, 1 H), 3.04-3.21 (m, 5
H), 3.30 - 3.38 (m, 4 H), 3.95-4.02 (m, 1 H), 7.40 (d, 1 H), 7.56 (s, 1 H), 7.87 (d, 1 H),
7.95 (s, 1 H), 9.12 (s, 1 H).

N N
OC/ % \\\N
HN
2 HCI ==

2-[(R)-5-(6-methyl-pyrimidin-4-yl)-indan-1 -yl]-2,7-diaza-spiro[3.5]nonane dihydrochloride

(R)-tert-butyl 2-(5-(6-methylpyrimidin-4-y|)-2,3—dihydro—1 H-inden-1-yl)-2,7-
diazaspiro[3.5]nonane-7-carboxylate (72.6 g, 167 mmol) was suspended in methanol
(363 mL) and 4M HCl in 1,4-dioxane (251 mlL) was added. After stirring for 2 hours, the
slurry was concentrated to dryness. The crude material was re-suspended in MeOH
(500 mL) and concentrated (3x). The resulting solids were further dried under vacuum
at 45°C to afford the title compound (74.1 g, 99.9%). MS (ES+) 335.2 (M+H)*. "H NMR
(CD30D) 5 2.16-2.23 (m, 5H), 2.59 (br s, 1 H), 2.78-2.80 (m, 3H), 3.12 (br s, 1H), 3.19-
3.24 (m, 4H), 3.37-3.49 (m, 1H), 4.14-4.23 (m, 3H), 4.49 (br s, 1H), 5.11 (brs, 1 H),
7.84 (d, 1H), 8.30-8.34 (m, 2H), 8.46 (s, 1H), 9.36 (s, 1H).
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N\\‘%\N
N \ N

N N

(R)-2-(2-methylimidazo[2,1-blthiazol-6-yl)-1-(2-(5-(6-methylpyrimidin-4-yl)-2,3-dihydro-
1H-inden-1-yl)-2,7-diazaspiro[3.5]nonan-7-yl)ethanone
To a suspension of 2-[(R)-5-(6-methyl-pyrimidin-4-yl)-indan-1-y!}-2,7-diaza-

spiro[3.5]nonane dihydrochloride (540 mg, 1.22 mmol) in 10 mL of dichloromethane was
added triethylamine (492 mg, 4.90 mmol). Once the mixture became a homogenous
solution, it was added to a solution of 2-(2-methylimidazo[2,1-b]thiazol-6-yl)acetic acid
hydrochloride (251 mg, 1.28 mmol) in 3 mL of dichloromethane. The mixture was stirred
for 5 minutes and HBTU (462 mg, 1.22 mmol) in 2 mL of DMF was added. The reaction
was stirred at room temperature for 1.5 hours. The reaction was quenched by the
addition of 10 mL of NaHCO3; and was diluted with 50 mL of dichloromethane. The
organic layer was washed with saturated brine, dried over Na,SO,, filtered and the
filtrate was concentrated. The residue was dissolved in § mL of CHsCN and the
solution was heated to 100°C for 1 hour with stirring. The mixture was cooled to room
temperature and the resulting solids were vacuum filtered to afford the desired product
as an off white powder (428 mg, 69%). MS (ES+) 513.5 (M+H)*. "H NMR (CD30D) §
1.70-1.74 (m, 4 H), 1.88-1.96 (m, 1 H), 2.27 - 2.34 (m, 2 H), 2.40 (s, 3H), 2.58 (s, 3 H),
2.86-2.97 (m, 1 H), 3.11-3.15 (m, 1 H), 3.31-3.34 (m, 3 H), 3.52-3.55 (m, 4 H), 3.78 (s,
2 H), 4.05-4.09 (m, 1H), 7.33 (s, 2H), 7.55(d, 1 H), 7.78 - 7.79 (m, 1 H), 7.94 - 8.03
(m,2H),8.93 (s, 1H). [o¥=+45.3 deg (c = 2.5 mg/mL, MeOH).

IN VITRO ASSAYS
RADIOLIGAND BINDING ASSAYS
To measure the ability of a test compound to bind to the ghrelin receptor, and
therefore have the potential to modulate ghrelin activity, radioligand displacement
assays were performed. The SPA format was utilized for high throughput screening of
test compounds and filter binding served for more comprehensive binding
characterization. In both formats test compound affinity is expressed as K; value,
defined as the concentration of compound required to decrease ['?1] ghrelin binding by
50% for a specific membrane batch at a given concentration of radioligand.
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Patient Ghrelin SPA Binding Assay
Ghrelin SPA binding assays were performed in a final volume of 90 containing

250 ng patient GHSR1a (HEK293 Tetracycline-Inducible cell line expressing the patient
growth secretagogue receptor 1a; prepared as membranes) coupled to 0.5 mg SPA
beads (wheat germ agglutinin coated, GE Healthcare, RPNQ0060) and 50 pM '
ghrelin (Perkin Elmer Life Sciences, NEX-388), plus varying concentrations of test
compound or vehicle.

Briefly, assays were prepared at room temperature in 384-well plates (Matrix,
4322) containing 2 ul of test compound in DMSO (or DMSO as vehicle). Assays were
initiated by addition of 28 ul assay buffer (50mM HEPES, 10mM MgCl, 0.2% BSA,
EDTA-free protease inhibitors—1 tablet/50 ml buffer, pH 7.4), 30 pl 8.3 ug/ml hGHSR1a
membrane and 30 ul of 150 pM ['#°1] ghrelin, both in assay buffer.

The mixture was incubated for 8 hours to allow binding to reach equilibrium and
the amount of receptor-ligand complex is determined by liquid scintillation counting
using a 1450 Microbeta Trilux (Wallac).

Patient Ghrelin Filter Binding Assay

Ghrelin binding assays were performed in a final volume of 100 ul containing 100
ng patient GHSR1a (HEK293 Tetracycline-Inducible cell line expressing the patient
growth secretagogue receptor 1a; prepared as membranes) and 50 pM ['?°1] ghrelin
(Perkin Elmer Life Sciences, NEX-388), plus varying concentrations of test compound
or vehicle.

Briefly, assays were prepared at room temperature in 96-well plates (Costar,
3357) containing 2 ul of test compound in DMSO (or DMSO as vehicle). Assays were
initiated by addition of 23 ul assay buffer (50mM HEPES, 10mM MgCl, 0.2% BSA,
EDTA-free protease inhibitor tablets --1 tablet/50 ml buffer, pH 7.4), 25 ul 4 ug/mil
hGHSR1a membrane and 50 wl of 100 pM [*?°1] ghrelin, both in assay buffer.

The mixture was incubated for 90 minutes at room temperature followed by
transfer to a 0.3% PEl-treated, 96-well glass fiber filtration plate (Perkin Elmer,
6005174). The mixture was suctioned dry with vacuum and immediately washed 3
times with 200 ul ice cold 50 mM Tris pH 7.5. Plates were allowed to dry overnight at

room temperature and 30 ul Supermix scintillant (Perkin Eimer, 1200-439) is added to
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each well. The amount of receptor-ligand complex was determined by liquid scintillation
counting using a 1450 Microbeta Trilux (Wallac).

Radioligand binding filtration format assays for dog (NM_001099945.1), monkey
(XM_001084886.1), mouse (NM_177330), and rat (NM_032075) GHSR1a (all
expressed in unique HEK293 Tetracycline-Inducible cell lines) were performed in an
identical manner as described for patient GHSR1a except that the final amount of
membrane to be used is as follows: 2 pg dog GHSR, 250 ng monkey GHSR, 200 ng
mouse GHSR, or 125 ng rat GHSR.

Patient Ghrelin Functional Assay

To measure the ability of a test compound to modulate the activity of patient
GHSR1a (agonize, antagonize, partially agonize, inversely agonize), a DELFIA GTP-
binding assay (Perkin Elmer, AD0260 and AD0261) was performed. The assay
monitors the ligand-dependent exchange of GDP for GTP. GPCR activation results in
an increase in fluorescence as receptor-bound GDP is replaced by Europium-labeled
GTP. Antagonist binding prevents GDP-GTP exchange whereas binding of an inverse
agonist pushes the receptor to the GDP bound (inactive) state, both resulting in
decreased fluorescence.

Ghrelin functional assays were performed in a final volume of 39.5 ul containing
720 ng patient GHSR1a (HEK293 Tetracycline-Inducible cell line expressing the patient
growth secretagogue receptor 1a, prepared as membranes), 9 nM GTP-Europium and
varying concentrations of test compound or vehicle. To test for receptor antagonism,
membranes were incubated in the presence of agonist ghrelin (Anaspec, 24158) at the
E Cso concentration, plus test compound or vehicle.

Briefly, the test compound was prepared at room temperature in 384-well plates
(Matrix, 4340). The test compound was first diluted in DMSO then added as 15 pl to 10
ul of basal buffer (50 mM HEPES pH 7.4, 3.7 mM MgCl,, 250 uM EGTA, 125 nM GDP)
with and without 9 nM ghrelin peptide. Samples were then transferred as 6 pl to 384-
well filter plates (Pall, 507 1) containing 30 ul of 24 pg/ml hGHSR1a membrane and 0.35
mg/ml saponin (Perkin Eimer, AD0261) in basal buffer.

The mixture was incubated 24 minutes at room temperature with gentle shaking,
followed by the addition of 3.5ul of 100 nM GTP-Europium in 50 mM HEPES, pH 7.4.
Samples were shielded from light and incubated for 90 minutes further at room
temperature with gentle shaking. The reactions were suctioned dry with vacuum,
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washed three times with 75 pl ice cold 1x GTP Wash Solution (Perkin Elmer, AD0261),
and immediately read on the Envision 2101 Multilabel Reader (Perkin Elmer) using

excitation filter 320 nm and emission filter 615 nm.

Patient Dispersed Islet Cell Assay

Day 1: Patient islet cells in an intravenous (iv) bag are obtained. The islet cells
are decanted by attaching a coupler to the iv bag and the liquid is decanted into 50 mL
conical tubes. The bag is rinsed with 20 mL of media and pooled. The cells are spun 1
minute at 1000 revolutions per minute (rom). The cells are then incubated overnight at
37 °C, 5% CO, (10 cm? suspension dishes, 10 mL media/plate).

Day 2: The islet cells are transferred to a 50 mL conical tube, Hank’s Working
Buffer without calcium is added and mixed, then the mixture is spun for 1 minute at
1000 rpm. The islets are then washed with Hank’s Working Buffer without calcium,
mixed and then spun at 1000 rpm for 1 minute. All but 15 mL of buffer is then removed
by pipette. 30 uL of 500 mM EDTA [1 mM] is then added and then incubated 8 minutes
at room temperature. To this is then added 75 pL of 0.25 %Trypsin-EDTA and 15 ul of
2mg/ml DNAse | [2 pg/ml]. The mixture is incubated for 10 minutes at 30 °C with
shaking at 60 rpm. The clot is dispersed by triturating with a 1 mL pipette(50 times). 50
mL of Culture Media is added and passed each over 63 uM nylon membrane. The
mixture is spun at 1000 rpm for 1 minute then the media is removed by pipette.
Resuspend the pellet and washed cells again with approximately 25 mL Culture Media
and spun at 1000 rpm for 1 minute. The supernatant is removed then the pellet is
resuspended with approximately 5 mL Culture Media and the cells are counted. “V”
bottom plates are seeded with 5000 cells/well (200ul/well). The plates are spun at 1000
rpm for 5 minutes and placed in cell culture incubation. 600,000 cells are removed for
calcium imaging.

DAY 3: Dispersed Islet Assay

The culture media is replaced with 100 pl of incubation buffer containing 3 mM
glucose. The plates are spun for 5 minutes at 1000 rpm to re-pellet the islets. Incubate
the plates in a 37°C waterbath continuously gassed with 95%02/5%CO; for 45 minutes.
Replace the pre-incubation buffer with 50 pl of incubation buffer containing the various
test compounds in the appropriate concentration of glucose (n = 4 for each sample).
The plates are spun for 5 minutes at 1000 rpm to re-pellet the cells. The plates are
returned to a waterbath continuously gassed with 95%0,/56%CO, for 60 minutes.
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Transfered 40 ul to another plate and assay for insulin using an ELISA Patient Insulin
Assay (ALPCO Patient Insulin ELISA; Cat. No. 80-INSHU-E10 available from ALPCO,
Salem, New Hampshire, USA).

The pharmacological data provided in Table 1 was obtained for Example 1. The

IC50 (5.02 nM) and Ki data (4.37 nM) were obtained from the Patient Ghrelin SPA

Binding Assay. The column denoted “n” is the number of times the test compound was

assayed. The functionality of the test compound was determined to be inverse agonist

using the Patient Ghrelin Functional Assay.

Antagonist

Table 1
In Vitro Assays Example 1 KJ/KJ/EC50/IC50 | K/EC50/IC50 | n
Pre-incubation (nM) ng/mL
Human Binding

Human GHS-1aR SPA 8 hours 4.37 2.24 10
Human GHS-1aR Filter 90 minutes 249 1.28 52
Human GHS-1aR Filter 24 hours 142 0.728 44
Human GHS-1aR Filter Equilibrium 4.07 3.04 1.56 8
Motulsky hours

Preclinical Species

Binding

Rat GHS-1aR Filter 90 minutes 3.19 1.64 49
Mouse GHS-1aR Filter 90 minutes 7.70 3.95 15
Dog GHS-1aR Filter 90 minutes 3.56 1.83
Primate GHS-1aR Filter 90 minutes 1.83 0.938

Human Functional .
Eu-GTP Inverse Agonist 114 minutes 4.85 2.49 16
Eu-GTP Antagonist 114 minutes 6.57 3.37 16
Eu-GTP Competitive 120 minutes 1.75 0.90 10

GHS-1aR = Growth hormone secretagogue Receptor; Eu-GTP = Europium-guanosine-

5'-triphosphate; GH = Growth hormone.

Example 1 is a potent (human K4 = 3 nM via Patient Ghrelin Filter Binding Assay;

similar across species), selective (ICso > 1 uM against a broad panel of receptors,

transporters, ion channels, and enzymes), and moderate on/off inverse agonist,

competitive antagonist of the growth hormone secretagogue receptor (GHS-1aR).

25




10

15

20

25

WO 2013/182933 PCT/1B2013/054177

IN VIVO ASSAYS

Male Wistar Han rats were administered a single dose (1, 10, 50, or 150 mg/kg)
of (R)-2-(2-methy|imidazo[2,1-b]thiazol-6-y|)—1-(2-(5-(6—methy|pyrimidin-4-y|)—2,3-
dihydro-1 H-inden-1-yI)—2,7-diazaspiro[3.5]nonan-7-y|)ethanone (Example 1) via oral
gavage to assess the effects of Example 1 on locomotor activity over a 21 hour period
(Figure 1). Animals were habituated to the locomotor apparatus one hour prior to
dosing. The lights were turned off at 4pm and turned on at 4am. Animals were dosed
at 4pm. Activity was monitored post-dose for 20 hours. Plasma, brains and CSF were
taken from a satellite group of animals at Tmax (30 minutes post dosing).

At 35-65 minutes post dosing, no biologically or statistically significant effect was
seen at 1 mg/kg when compared to vehicle treated animals. At 10 mg/kg, Example 1
decreased rearing 56% and total locomotor activity 60% at 35-65 minutes post dosmg
At 50 mg/kg, Example 1 decreased rearing 43% and total locomotor activity 48%.
Example 1 at 150 mg/kg produced a reduction in total activity which was statistically
significant when compared to vehicle control rats (P<0.5) 35-65 minutes post dosing.
Example 1 produced no statistically or biologically significant reductions in total activity
20 hours post dosing. Example 1 did not induce hyperactivity at any dose.

The plasma and brain levels of Example 1 were determined at 30 r'hinutes post

dosing, shown in Table 2.

Table 2
Dose Plasma (nM free) | Brain (nM free)
Vehicle 0 0
1 mg/kg Ex. 1 18 1.6
10 mg/kg Ex. 1 184 16
50 mg/kg Ex. 1 856 80
150 mg/kg Ex. 1 1704 148

In three clinical studies (Figure 2), a dose-responsive relationship was observed
with somnolence in humans where, at the highest doses of 100 mg BID for 14 days and
300 mg single doses, between 75 and 100% of subjects reported somnolence or a
sleep-related effect. Patients were administered Example 1 as an extemporaneously
prepared suspension in B3301001, B3301002, and the IR in B3301007 and as an
extemporaneously prepared osmotic capsule (EPOC) in B3301007. Example 1 was
safe and generally well tolerated in humans up to 100 mg BID for 14 days which

equated to an estimated 80% systemic receptor occupancy for 20 hrs and 70% centrally
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for approximately 3 hours. Dose related increase in heart rate (up to ~10 beats per
minute) as well as attenuation of both ghrelin-induced growth hormone secretion and
postprandial glucose were seen after acute dosing. All three of these effects appeared
to fully tachyphylax by day 14 of BID dosing.

In a primate study, the effect of Example 1 on sleep duration and food intake
three hours post evening dosing Example 1 was studied dosing either once a day (QD)
or twice a day (BID). Eight healthy adult (5.8 to 9.7 years of age) male rhesus
monkeys, (Macaca mulatta, of Indian origin) were used.

Animals were studied in parallel. According to a cross-over design, four of the
animals received Example 1 (or Vehicle as a control) QD during the first phase of the
study and BID during the second phase of the study. A reverse treatment schedule was
used for the remaining four animals. When Example 1 was administered QD, the single
dose was administered in the evening. Each treatment period lasted 28-30 consecutive
days. Vehicle treatment lasted 10-14 days, immediately preceding the phase where
Example 1 was administered. Animals were also kept in their sleep/circadian chambers
to become familiar with them. Treatment was administered as a liquid solution,
dispensed automatically using a timer-controlled pump.

Throughout treatment periods, animals were maintained in light-controlled and
sound attenuated sleep/circadian chambers, under constant conditions of dim light, in
order to determine the intrinsic rhythms of sleep/activity and self-administered food

intake.

Data collection:

Sleep/activity cycle and sleep duration was documented using continuous on-line
actigraphic image analysis technique, as described in Masuda et al., J Biol Rhythms.
2010 Oct;25(5):361-71, Intrinsic ‘activity rhythms in Macaca mulatta: their entrainment to
light and melatonin. A software algorithm for actigraphic data analysis of sleep versus
wakefulness in rhesus monkeys is explained in Zhdanova et al., J Biol Rhythms. 2011
Apr;26(2):149-59. Aging of intrinsic circadian rhythms and sleep in a diurnal nonhuman
primate, Macaca mulatta. Sleep onset and duration estimates were based on the
comparisons between polysomnographic and actigraphic sleep in this species.

Each circadian chamber was equipped with an individual touch-screen monitor,
connected to an automatic pellet dispenser (ENV-203-1000, Med Associates Inc., St.
Albans, VT). This allowed for ad libitum around the clock self-administration of 1 g food
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pellets (Nutritionally complete dustless precision pellets, Bio-Serv, Frenchtown, NJ) via
pressing a moving on-screen target. The time each peliet dispensed was documented.

Data analysis was conducted using linear mixed model (SPSS), with the level of
significance at p<0.05. Data were presented as group means (standard error of the
means (SEM)) for each treatment condition: QD or BID administration of vehicle or
Example 1.

Figures 3 and 4 provide data on an individual animal’s activity pattern (Fig. 3) or
food intake pattern (Fig. 4) while receiving evening QD vehicle or Example 1.
Actigraphic recordings from animals during a 12:12 hour light-dark cycle (LD) were
taken, followed by constant dim light conditions thereafter (arrow along right side of
graph). This individual had an intrinsic circadian period longer than 24 hours, illustrated
by the entire activity pattern being delayed over time (gradual shift to the right). Vehicle
or Example 1 was administered at the same clock time (17:00 hours). At the beginning
of the vehicle treatment period (dashed line along right side of graph), this
corresponded to a 2-hour prior-to-expected sleep onset (beginning of subjective night).
By the time Example 1 treatment was initiated (solid line along right side of graph), this
clock time corresponded to around a 3.5 hour prior-to-expected sleep onset.

Treatment with Example 1 significantly reduced sleep latency, facilitating sleep
onset, and this effect continued throughout the treatment period. This effect also led to
the overall shift of activity pattern to the left (phase advance in wake up time), with
earlier sleep onset time resulting in similarly earlier time of awakening on subjective
morning.

The Example 1 treatment significantly reduced food intake soon after
administration, and this effect continued throughout the treatment period. This effect
also led to the overall shift of food intake pattern to the left (phase advance in the time
of morning meal). The food intake pattern in this animal followed the activity pattern.
Compare Figure 3 and Figure 4.

Figure 5 provides the change in sleep duration within 3 hours following evening
treatment of Example 1 compared to vehicle (N=8 per group (QD vs BID)). For both
groups, a significant increase in sleep duration was documented within 3 hours of
treatment of Example 1 compared to administration of just vehicle. The data is
expressed as a percent change of sleep duration for when animals receive vehicle
compared to the other animals in the group receiving Example 1 (error bars providing
the SEM; p<0.01 vs. control).
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Figure 6 provides the change in evening food intake within 3 hours following
evening administration of Example 1 or vehicle. Figure 6 provides the change for
animals receiving Example 1 QD or BID (N=8 per group (QD vs BID)), for which a
significant decrease in food intake was documented for both groups, when compared to
administration of just vehicle, within 3 hours of administration of Example 1. The data is
expressed as percent of food intake within 3 hours after administration of vehicle or

Example 1 (error bars providing the SEM; p<0.01 vs. vehicle).
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We Claim:

1. A method of treating a sleep disorder in a patient comprising the step of
administering to the patient, in need of such treatment, a therapeutically effective
amount of (R)-2-(2—methylimidazo[Z,1—b]thiazol-6-yl)—1-(2-(5-(6-methylpyrimidin-4-yl)-
2,3-dihydro-1 H-inden-1-yl)-2,7-diazaspiro[3.5]nonan-7-yl)ethanone, or a
pharmaceutically acceptable salt thereof.

2. The method according to claim 1 wherein the sleep disorder is primary insomnia.
3. The method according to claim 1 wherein the sleep disorder is excessive daytime
sleepiness.

4. The method according to claim 3 wherein the patient has Prader-Willi syndrome.
5. The method according to claim 1 wherein the sleep disorder is Night Eating
Syndrome.

6. A method of treating a sleep disorder in a patient comprising the step of

administering to the patient, in need of such treatment, a pharmaceutical composition
comprising a therapeutically effective amount of (R)-2-(2-methylimidazo[2,1-b]thiazol-6-
yl)-1-(2~(5-(6-methylpyrimidin-4-yl)-2, 3-dihydro-1H-inden-1-yl)-2,7-diazaspiro[3.5]nonan-
7-yl)ethanone, or a pharmaceutically acceptable salt thereof, and at least one

pharmaceutically acceptable carrier, diluent, or excipient.

7. The method according to claim 6 wherein the sleep disorder is primary insomnia.
8. The method according to claim 6 wherein the sleep disorder is excessive daytime
sleepiness.

9. The method according to claim 8 wherein the patient has Prader-Willi syndrome.

10. The method according to claim 6 wherein the sleep disorder is Night Eating
Syndrome.

11.  The method of any of claims 1 to 10, wherein (R)-2-(2-methylimidazo[2,1-
b]thiazol-6-yl)-1-(2-(5-(6-methylpyrimidin-4-y|)-2.3-dihyd ro-1H-inden-1-y1)-2,7-
diazaspiro[3.5]nonan-7-yl)ethanone, or a pharmaceutically acceptable salt thereof is

administered in combination with another pharmacologically active agent.
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FIG. 2
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FIG. 5
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1. —ﬁ?ﬁﬁ%%muﬁaﬁﬁﬁﬁ%%ﬁﬁe,@%@%Eﬁ#%?@ﬁ%%%éﬁ%iﬁﬁﬁé&%
f9 (R)-2- (2— FREEBEMEFE [2, 1-b] WEME -6~ %) -1-(2-(5-(6- L —4- % )-2,3-
& -1H- 8 -1- 3 ) -2, 7- “H&Z%98 [3.5] Ehe-7-2) Z s % Al R MNP R,

9. MIERURIZER | K771, 3o BT ik AR K 5 A JEUR T SRR

3, BIEACRIEE SR 1 B9, 3o BT REEAR A 2 H ()il R v BE

4, IBERGHE R 3 1777, b ATk g B S HE - BAIGE1E.

5. MIERGHIESK 1 W, HP TR ERER AR REESE.

6. -ﬂﬂ?ﬁ‘ﬁ%%‘%ﬂﬁﬁ%ﬁﬁﬁ%ﬂ@jﬁ‘%,@%m%Eﬁ#%?ﬁﬁﬁ@%%éﬁéﬁ%ﬁﬁﬁm%
YA SN S8, TR A SYE SR BREN ®)-2-(2- FEKMIH (2, 1-b]
e —6- B ) -1- (2- (5- (6- F Mg —4- 3 )-2,3- “& -1H- ¥ -1-%)-2,7- TRIRIR
[3.5] Eht-7-%) ZEABR L 252 b ATH T Y BRI B b — R 25 R HE B B R B
MR 7] o

7. FRAEAGRIE R 6 B, H P Tk AR G J JR A M SRR

8. MUEALFIE R 6 {777, Horh TR HEAR RS Y H 18 R .

9. MERFIER 8 B IE, b frik B B SR - BRI E1E.

10. FREAUGFIESR 6 B9, K iR IR A R E S 1E.

11, KRB SR 1 E 10 FPAF — TR 5 v, B (R)-2-(2- YR Bk M 5 2, 1-D] 153
g -6— 3 ) —1-(2— (5- (6~ B EEMENE —4- 3 )-2,3- A -1H-#i -1- &) -2, 7T~ TR RIE
(3.5] Tkt -7- # ) ZESHZ¥ LA BT R 5 B — M B R M R AR .
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FARHERRR R R mH S FEE A T e ERE
FRRIAIR

% RR ST
[0001]  Z &R BAW KA Fi67 ARG 4L &), LA E KB ER UK (ghrelin) 24K
FHENTT / 5P AR BT RSB RXENL SN YAED .

EERA

[0002]  ZRAR, B % WA KRR RS, B4 5000-7000 FEEMEN. HEBEATHTA
R \ 470 5 1T 8 B B e TR K 5. ELAS R Mk SR R AR B3R SR L 0 R G o X AR

(00031  BHASS T RARAIETT E il {5 FH XA 2 R4 (ONS) FIHIFI L R b ZER 2. X4k
WERE AFEEHEK, BRFERMEXEIER, SRS MR AL ER RIS ZRIE %
Noo Fsh, KEEH L 505 ALK mREERA X WITNEHZREER
Foe ONS HNHIF A B4 A 2K R R E AR . ZE BB NP P XU G =T
HHEARFOAR S L H BN (calming effect), ELAERTHI R AIRZS A B KM L2 RE . R,
HERX_F A EFRMER, HRE THARLRE ABPROFANE. QERIAaEERE
CNS FNHIF) (CRr B TERE) MGSER ERA AN 2R E. IR 25 /5 1 R oM RIR
B TR BOTE PR A4 N RS MVE B BE D FRZ IR . BT RIRVETT DM HIER & ik
&Y. 2B (Ambien, MiAkIH ) . Sonata ( LR FE ) BOHMEZTHISEH], AN
THTERRESNZE BT AR ER AR ERFERE.

[0004] TH %A1 (Night Eating Syndrome, NES) %5 F¥REWEBIAL M EH
B EZRERIRLEREEE. 20, #i0 Vander Wal, Jillon S.,Clinical Psychology
Review(2012)32(1), 49-59, RE X NES HIAIRIGIE T, HENAREHFERE, HFEE
Hh, —BEAFTIRTT VAR T

[0005]) A& B B AR A IR R U A2 1 R TR SR BN T SRS B A T VA 7T REAR B RS B FH & .
(o006] R BHTEIA

[0007] AR B RIATT BE LIRS 7%, B MR EXERIGT R EE ST
BRI A KR BRI 2 4 R R BT S B

[0008]  ZEH—ASEHES B, XKW KIGTT BE P EIRERS 7, QW FRIXNE
HIYEIT B E LA EBT A NENERKEBERBRBULZ AR s RsSFEsRmE > —
P LRI LA B FIBIR BRI YA EY) .

Mt =5 IR

[0009] B 1 NAEMEME Wistar Han KR, £ B ARERELS DG 35-656 %8h, SLEd 1
FRA & B v M ) 57 10 4] P 3 B o

[0010] P& 2 My SEilf 1 fRE A 288 H i B 52 v 1) LA U B

[0011] B3 HEFR—K (QD) L25LHEG 1 BREE 2 JE3hY ISR a7 iE BHA5E = 1 SE B
[0012] [ 4 JEFR—IK QD) LZHEHEE 1 B2 530 IS 8 BUE 2R 1 58
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e o

[0013] [E 5 3R(tEM FATSIHEG] 1 25 3 /NET N ERAR R EE IR AL .

[0014] [E 6 $RML7EM FAAZISEHER] | 25 3 /BT A S ERERHI AL

[o015]  REAFIR

[0016] FER— A SEHET &S, A% W\ RAT BE KRR M RIRA T %, AR HEX
REHYaTT 1 BB A 2514 TT A A B 0 A IR B OTR S48 IR 18 s U BRAE B o

[0017] %E%"‘/l\iﬁfﬁjf;%tp,2&7}%%%&7@3?@%5"]Elﬂﬁ/ﬂ%”ﬁ@ (excessive daytime
sleepiness) f75 15, A3 M BB XM BITHBZEBLRT ENENERBRRER
WS AR SR BE SR, ARV EAERT W BEEERE - RASEIE
(Prader-Willi syndrome) (/3 K H /&)t R HE .

[0018] 7B —/NSCiE gy S, A% 9 RIATT BB 1 NES B9 1%, BUIE A T EIX IR
7 I 2 2 48 25 VA YT A A I A K IR BRI 3244 I 1A Eh I S B o

[0019] 7ER—ASCHEA R, A% B RIEIT B IR R M RIRA 77k, B E & EX
BEHTA T 1 BB A 25 5 R T A AR I AR IR E R IR 2 1 R IR B R B s LA 2 20
—Fhgh2e P AR B R BERISR MG YAED .

[0020]  7E 5 —ASEiETy b, A% A RIATT BE K B L ERRE R Tk, BIER R
KRR G (0 BB A T A SR T AR ) A O R B U R A R R B R SiE LN A 2
S Fh 252 bR IR AR RSB BRI A S . ARAKNTEERERT S
BRI - RS B R H Ta) i B I .

[00211 765 —/SEHETy &, A% % RIATT 2% NES f 7, B F B XA KIRST
() 28 2 0 25 A A AT A B I A K I E R UK 2 06 R [ R S SRS UM A 2 b — Fh 2 A
RS AR R SR R A A -

[0022] FES —ANSZHETTE P, A KB R — g T B ) R AR R RS I 7 9, BLEE
MEBEXRENBETNBEEAHRTEXERN ®-2-- FEKMIHF (2, 1-b] B
M —6- 3 ) -1-(2- (5- (6- B EEMEE —4- 3 ) -2, 3- & -1H- 8 -1- &) -2, 7- ZH IR
[3.5] T4 -7- ) ZEISRHE L% LR

[0023] FERB—ALHMARP, ARHAB R —FETEENERERROTIE &
EHTEXRENGTNEERLRTEREN R -2-Q- FHERMI [2,1-b] B
M —6- 2 ) -1- (2- (5-(6- FF FEmE g —4- 3 )-2,3- 4 -1H- B -1- H ) -2, 7- ZH &R
(3.5] Tkt -7- &) ZEAHZ % FAEZRH.

[0024] FE —ANSZHE A R, KW R —FIGIT B I H IE R RE TS, B
EHEEXEMNBTNESANRTAEREN R -2-- FEKMIF [2,1-b] B
I ~— 3 ) ~1— (2~ (5- (6— PR ZMBIE ~4- 3 ) 2, 3- & -1H-Bfi-1-3) -2, 7- ZEHRIF (3. 5]
Tz -7- 5) ZEEEZ% PN . KRR ER T T SR SR - BR
LA ER B B H (R g I .

[0025] FER — st AR, AR Wk —FIEIT B NES B 07 % B H
TEIXMEMNBITHEEASH BT AENEN ®-2-2- B kit (2,1-b] B
e -6- 2 ) —1-(2- (5- (6- FF L BEE —4- 3£ )-2,3- Z & -11-8i -1- & ) -2, 7- Z R H IR
[3.5] Fht-7- ) CESHLF LT HEZHE.
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[0026] HEH—AELHEHEPR, KRBEW K —FRT B HFNERER R TE QR
FEXHENBRTHEZALARRTAENERN R-2-Q- FEKMWH [2,1-b] B
M —6- 2 ) -1~ (2- (5- (6~ FIEEMERE —-4-2£) -2, 3- & -1H-Bi-1- %) -2, 7- “& 2442 [3. 5]
Foe -7- H ) ZESHZE % FRES R E D —Fh G2 bR B R R R SR
FIRIZIDHED

[0027] R —NELEHEHFRP, RREB R —FRTBEENIR T RRKTTZ AF
MFEIFMNBTHEEAHEETRITAEREN R-2-(2- FHEKMWIF [2,1-b] B
M —6- ) -1- (2- (5- (6- FFEEMERE 4~ %) -2, 3- — & -1H-8i—-1-%) -2, 7- Z & 428 [3. 5]
T -7- £ ) ZEsEZ % BRI E b —M s ERT S IRk R SOR
TR H A

[0028] FEFH—AMEMAESD, KREB R —FMET BER ORI ERERERTZE B
MHEEXHENBTNELELAABRERTEREN R-2-(2- FEKMIHF [2,1-b] &
M —6- 3£ ) -1- (2- (5- (6- FAEEMERE —4- K£) -2, 3- & -1H-8i-1-3) -2, 7- & HZ [3. 5]
Tt -T- £ ) ZEIBHZ S R EZ K ERAE D — M2 E AT R R E AR R EOR
TR EY . XRAMFERTET W EF L hE - BPSGE R RE R RS
PR B

[0029] EH—NLHETEP, ARHAB L —METEZHNES KT BFERF
EXREMNBETHEREAABIRITAREN ®-2-0- BEK M I (2, 1-b] B
M —6- K ) ~1- (2- (5- (6- FIEEMENE —4- %) -2, 3- “& -1H-Bi-1-% ) -2, 7- & IR [3. 5]
Fhoe -7- £ ) ZEIEHZG% FATHZ MR E D —Fh 22 AT R K AR RS B
FIHI 2 A&

[0030] T —ANSEHA R, AR BFIEHRAL

[0031] B SCHER A K I R B UK 2 18 X TR S Bh R B B 7 il & B 1R 7 B AR Fst
7§ CRERIR R R M RIR . H 8t RS REEL NES) I M %

[0032]  LNZASCHEARHIAE KRB BUK S 4 R FEEhFISEET, BIEAY

[0033] 4N SCHEAR MO 4E KB REHUK 2 45 R 1 B R SEs BN, BT AT BEAR RS,
) UK T SRR ) ok P B B NESS

(00341  ZHWIALAYD, B8 WA SCIEE I A K R B UK 32 44 I 19 S Bh R BB BRI A 2 22
AT Z HIRIEF) s F

(o035]  FHF BT EEIRERS (45 RE KM RIR., BRI EREHEED NES) MZMAHA S, B
BN ASCREIR B AE KRB UK S A8 I B 77 BB T

[0036] ¥ HI #h, H o BT A A KR B K 3 46 R M K Bh A Bk EE B AT BL R
(R)—2-(2— FF Lk M 3 [2, 1-b] MEM —6- 5 )-1-(2-(5-(6~ FF L mE e 4-%)-2,3- =
S -1H- 8 -1- 3 ) -2, 7- ZHAE [3.5] T -7-F ) ZEIsH 2% ErEZ .
[0037] (R)-2-(2- BF % ok ™ 3 [2,1-b] ME M -6- 2 )-1-(2-(-(6- F H m
M ~4- 3% )-2,3- =& -1H-Bfi -1- 3£ ) -2, 7- Z & 74428 [3.5) T4 -7- 3 ) ZEEH ¥
AT H R A UANAY S A ST sE ) 1 P — AR X

[0038] AR —ANLTHAED, ARKRPERERTITRHMEMAE PR EK
WOE R IR 2R A M E F B R, B AR (R -2-(2- B AR M I (2, 1-b] B
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e —6- 3 ) -1-(2- (5-(6- B FEWEIE ~4- 5 )-2,3- —= M- B -1- 2 ) -2, T- ZHERIR
[3.5] 4t -7- &) L@ﬂﬁiﬁ%%iﬂ%%ﬁ@ﬁaﬁ%—Wmﬁ%%ﬁﬁ%m@éﬁ%o

[0039] Z—E%~/r\§szﬂi7j‘“$¢,Fﬁﬁi&ﬁ%%ﬁﬁlﬁr&w&rﬂﬁﬁﬁwa‘%?ﬁ%u (5 B R 3R
e 1) ﬂuﬁﬁﬁzﬁzﬁf—??ﬁ'ﬁmﬂémﬁ,Fﬁﬁﬁéﬁ%iﬁ%‘%ﬁﬁ%m#szﬁ@ﬁﬁE&uﬂ"m
o, by BT R A ST E Y L FEEARRT (RS EHEG, 658 (DPPARY
SR, b FUERSE (5 B0 ERAE 51 SEKE FIE BRI ER DA% 5 R (isaglitazone)
(MCC—555) ; it % 51 B ; B % 51 B 5 i % 51 B ;tularik ;BRL49653 ;CLX-0921 ;5-BTZD) \
GH-0207. LG-100641 K1 LY-300512 % ) ; (1ii) U H i = B SRR 2 ZL XK 5 (b) i &
=R R E A, i biota\LP—loo‘novarapid‘ﬂﬁ’%ﬂﬁ%?‘\ﬁﬂﬁﬂﬁ%?\ﬁﬂ%%%?’:\
T E R R (KRB ) sLys—Pro T 5% . GLP-1(73-7) (insulintropin) ;
1 GLP-1(7-36) -NH,) ; (c) HABEIRZ, b S B TR SRR T IR 5 MR 548 5 AR A& F
B KR FIZENR B 5 ZEIR (A6 B TR AR IR KR FUREER (% PR IR B R R A0 2R
THE 5 (d) o - FFH B HI, by, R B L R AR R s R AR S L Z A% B S KA FNER
REEFIENE LK E -Q ssalbostatin ;CKD-T11 MDL-25, 637 ;MDL~73, 945 ;FIMOR 14 %5 ;
(e) JIB [E e AR, tbn (1) HMG-CoA BRI (FTFEARARTT B AR ARYTT RARARTT B
BB YT EARARYT | rivastatin, B HARALIT SRR IT R EMBITH), (1) 1B B A L7
/ ZMEEF, tttn%%ﬁ%ﬂ%%%%?ﬂ&Hﬁémﬁ%ma’ﬂ:rﬁﬁ%ﬁ%ﬁﬁ% ;Colestid.
RTM. ;LoCholest.RTM. %, (ii) YEES, B R B, (111) T ik - EALIR AR o EDF
Lo i dE v UERATED (= 4E T35 B0 T B R U DU R AL TR D (iv) fE ] R e 37
H3), Hoin R lE. B - . o W EEEE LS R 2 A R T e AL S, b AR B
B A, AN (R EETE A EEBEBEE B (ACAT)) #1313, b 4 Bl A% 2 5 1 7 L it
Bef, (v) BUEH, b BAE, (vi) gEER B, fl (vii) #LFRIRZ 2 ; (DPPARC K
s ttﬁu%fﬁﬁl%&X?Lﬂ%%?ﬁm%\é‘me@‘a\m%m%\ﬂE%m%%u%ﬂkﬂl% s LA
B BT AR ATAEY), tin Atromid. RTM. | Lopid. RTM. #1 Tricor. RIM. %, i Glaxo K]
W097/36579 rh 7 #4 ik Ity PPAR @ BN 7 ; (g) PPAR S w7 5 (hPPARa / 8 BEh7l ; thn
muraglitazar, LA US EF| No. 6, 414, 002 AN FRRIAL A A (1) BLABRESD, tod (1) %
K E RN WA E A KRR WRZ BB / FEHUR, Lo in NN703 . ¥ 7D B AR MK-0677 .
SM-130686. CP-424, 391, L-692, 429 F L-163, 255 ; (2) H w2 0 B R g 1B (PTP-1B)
IR 5 (3) KRRE AR, LI an KRR 3 CB, 24K HEHUR B R A BN T, b A AR
P (Sanofi Synthelabo) . AMT-251. F11 SR-14778 LL 2 SR 141716A (Sanofi Synthelabo) «
SLV-319 (Solvay) . BAY 65-2520 (Bayer) ; (4) HUALREILIE R RE ), L2 R A R AT
B 3T REATFE AT M (5) B 3- B LR R AEEA, H 1] AD9677/TAK677 (Dainippon/
Takeda) . CL-316, 243, SB 418790, BRL-37344. 1L.-796568. BMS-196085. BRL-35135A+
CGP12177A. BTA-243. i -E& (Trecadrine) . ZenecaD7114, SR 59119A ; (6) T g Jr g 90 i
#|, Lo i B F) {2 (Xenical. RTM) . Triton WR1339. RHC80267 . % 7 4t 77 . PU S0 ) 4tk
T R EE. 2 MR G (diethylumbelliferyl phosphate) ;(7) #Z K Y1 15
Hi 7, b4 BIBP3226. J-115814, BIBO 3304, LY-357897. CP-671906. GI-264879A ; (8) 1
25 K Y5 4 $LF], LL 20 GW-569180A, GH-594884A, GH-587081X. GH-548118X. FR226928. FR
940662 FR252384. 1220U91 . G1-264879A, CGP71683A, LY-377897 PD-160170. SR-120562A.
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SR-120819A F1 JCF-104 ; (9) BAR - WA E MCH) ZAHEHIH : (10) BAEE - RFAWE
1 24k (MCHLIR) #5313, bbin T-226296 (Takeda) ; (11) B E - IRYFINE 2 1k (MCH2R)
BRENF) / FEHIF ; (12) AR EZ AT, i SB-334867-A, FA3CHF H R+ 2 FF )
ABLe ;(13) MuyE &= A BENEIF, L meayT RS FyT S Ak  (14) BEREMEF ,
b di Melanotan IT;(15) % Mcdr ( BEZJRE 4 34K ) ¥3H5, b tn CHIR86036 (Chiron) .
ME-10142 F1 ME-10145 (Melacure) . CHIR86036 (Chiron) ;PT-141 1 PT-14 (Palatin) ;
(16) 5HT-2 #& 3h 31l ; (17)BHT2C( ML ¥ ]| 5% 1 20) ¥ 3h 7, tL 1 BVT933. DPCA37215,
WAY161503.R-1065 ; (18) H A KFEHFH ; (19) CCK IBhF 5 (20) CCK-A (B FEUR4E 25 —-A) 3N
F, b tm AR-R 15849.GI 181771, JMV-180.A-71378.A-71623 F1 SR14613 ; (22) {2'E Fig %
U E R S E BT 5 (23) RS2 K -3 (H3) AT ; (24) ARtk -3 H3) HHF / K
BN, b e % (hioperamide) \3— (1H- B Mk —4- 25 ) T N-(4- RIGEE ) S HEF
BRHNE ., clobenpropit. iodophenpropit. imoproxifan. GT2394 (Gliatech) F1 0—[3- (1H- Bk
Me-4-25) N - B E P IRES ; (25). B - AT S8 -1 3HIF (B -HSD-1) ;(26)
PDE (MR —EeBE ) IR, th an & IR mIA FLE S R AR SE B AR KR VA
ISR AR e F 3 2 FNTEVE R4 (27) BERR — MENE -3B (PDE3B) #MIF) ; (28)NE( = F & LA
&) BHizdNEIF, ELin GW 320659, despiramine  fil&F X FIE K IF3E  (29) B oHEHE =4
KB BBUKZ F R I EshFIEEHiH ; (30) BR, BREEHABREBER (PEG-0B, Hoffman
La Roche) FIEAER B AME (Amgen) ; (31) BREATEY ; (32) BRS3 (RIEIKZ AT 3)
B zNF), tban [D-Phe6, beta-Alall, Phel3, N1e14]1Bn (6~14) Fi [D-Phe6, Phe13]Bn (6-13) 7§
Bt F#, 1 Pept. Sci. 2002Aug ;8 (8) :461-75 H 2 FF A AR LLAL &4 ; (33) ONTF ( R AHEEE 5
EF ), Eein 61-181771 (GlaxoSmithK1line) . SR146131 (Sanofi Synthelabo) . butabindide.
PD170, 292 1 PD 149164 (Pfizer) ; (34) CNTF fi7 44, tL t B & FF (Regeneron) ; (35) B &
FRREFD I, Eeanvg A #h BF 5 (36) UCP-1 ( RIBEE A M -1) .2 8L 3 W& 4LH, L fE st
4-[(B)-2-(5,6,7,8- WU& -5, 5, 8, 8- VUFH I —2- 253 ) ~1- TAMGZE ] KR (TTNPB) (M3
B 5 (37) FURIRIME B 3, o KB-2611 (KaroBioBMS) ; (38)FAS ( AE i R & FiE ) )
), Ee R WA B C75 5 (39) DGATL ( It H /i 45 B i 1) #057) 5 (40) DGAT2 (
Wk H v B ZE AR 2) ISR s QD ACC2 ( Z L EE - 4HEE A SR ALEE -2) HIHIF) ; (42) #E
KRB EFE PN (43) B - R 2L, tinim B2 - #EE, 3 A JF7E del Mar-Grasa,
M. % A, Obesity Research,9 :202-9(2001) = ; (44) — jkZE BKES 1V (DP-1V) M5, tb
W= BRI MR (thiazolidide) AR ERILM 4% (pyrrolidide) . NVP-DPP728. LAF237.
MK-431.P93/01.TSL 225.TMC-24/2B/2C.FE 999011.P9310/K364.VIP 0177.SDZ 274-444 ;
(46) ZRREEFIE E A EIF] 5 (47) MEERKZEQMFIF] ; (48) BERERH 12 E A
51 5(49) — B ALK (Glucophage. RTM) ; F1 (50) #E it B (Topimax. RTM) ; (50) Bk YY. PYY
3-36. K YY K109 57 SE 4 A0 A BR B BIM-43073D, BIM-43004C(0litvak, D. A. %%, Dig.
Dis. Sci. 44(3) :643-48(1999)) ; (51) 4 £ jik Y2 (NPY2) 5% 1k i 505, bk 40 NPY3-36. N &
BeE [Leu (28, 31) INPY 24-36. TASP-V FI3f - (28/32) ~Ac-[Lys28-G1lu32]-(25-36) -pNPY ;
(52) £ Ik Y4 (NPY4) #shF), th i BERR AL (PP), FIFLE Y4 #3hFI b 1220091 ; (54) ¥f
EALEE -2 I Bl 3 EE L ok AR E WA B L B oK . BMS347070,
tiracoxib 3¢ JTE522. ABT963. CS502 F1 GW406381, Kk H 254 F Al 8 % 2L ; (55) M &

7
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BE YLI(NPYD) 3% $1 #, b 4n BIBP3226. J-115814, BIBO 3304. LY-357897. CP-671906.
GI-2648794A ; (56) [ Fr KEM) FRAEHL Y, L 44 % 25 (Revex. RTM. ) .3~ FR 40 i . 493%
R 2 g8 5 (57) 11 BHSD-1 (1 %4 11-B 2 %24 [F B2 i S0 HG ) M %05, £ an BVT3498, BVT
9733 ; (58) [ 7 ; (59) amphechloral ( fEIEFEE ) 5 (60) Z AL ; (61) *FIEMAA ;(62)
SETHE ; (63) AFEER; (64) THET N ; (65 FATH ; (66) ARl ; (67) 7
P B Bk (cyclexedrine) ;(68) A EH A ;(69) — K FIRNE L 7 (diphemethoxidine) ;
(TO)N- ZEFEH I 5 (71) ETOES ; (72) ERBET ;(73) FHER ; (14 RELEF ;(75)
FEE T ;(76) Bk E W K (Furfurylmethylamphetamine) ;(77) 72 Jig % A % ; (78)
72359418 (levophacetoperane) ;(79) 358 7 ; (80) F XA FH ; (81) MEE ARIH ;
(82) = B LYRRIEHL ; (83) MEHEE 7 ; (84) K % ;(85) ¥ % ; (86) ILEHE =) ;(87)
phytopharmb7 ;1 (88) W HZ .

[0040]  HOASCAE I BIARE “ 252 b2 B ek dh, AR A E Z A WERE N, &
BT a 2R LsmndaRme e EESE R ESRNE, A5 5EMAME /R
B ELBIARRR . 252 AT RESS (3 B AU BN . 20, S.M. Berge et al. 7E Berge %,
T. Pharmaceutical Sciences, 1977,66:1-19 MR 25% LRI . Frdihn]
DAFE A5 55 B 1 S MM 1 (058 5 43 8 0t A0 3 1) J 57 41 4%, B L S M) 1 B R A S T
S HIE NS TR R A4 B & . BB MAIEERE, EAR TR C 2R,
VR AR, RAERE AP AL HREAR RREAR . T RE RN
AR AL ERNTEER Eh AT R E . PR ER AL (B IR v L R ER £ %%‘E . ORH.ESRE.
ihlgth SIEERE SRR - BE MY (BCEFRE) IR DR PR

Eh.2- % ﬁ@&%ﬁ B BRI EL RIREE (pectinate) IRREREL.3- FENE
Hh OB AL R ER R L BT RS B TR H IR ER B AR ER AL L A R A IR ER AL AN -
N

[0041]  HARSCAE R IATE “ KR EB BSR4 15 6 BA - BB, ROV ERBERRE
3 WhE 248 (GHSR1a R GHS-1aR) .

[0042] 42 SCAE FH AR TE “ FREAR SRS AL 354 70 Fi LA 2B 2 HREAR & | BEAR P12 BN 8] L B
5 B AR AR 26 4T A B AR B AT T (O R RS 0 R AE MO 45 S 1E « EBR R RS 45 & I AU AR 1R SE )
ALY, (B AR T SRR B R T SR R B AR o P13 | R VR M B AR\ AN T BB SR B AE BT
REAR RS REM BEARAT M RERS B UEAE (2917 ) JBRIREBF (B ) (HEIRITE JBIEREE
#F (exploding head syndrome) - BERR M FREFN H 8L ZHERE (EDS) .

[0043] EDS & HA YWl - B 4-E1E (PWS) H B W BIHFIE Y — (3 3 E K PWS JL
THIR B BB E SR B A /ME (daytime napping) . EDS RILATES IKHEARE
AR H7 T 3R B B R R A A N B R AR . BRI IRE R 19 BRE B PWS 1Y
90-100 % FRAE N FAZTE EDS. 5 H B G is A f3E -PWS xf IBARLL, PWS B#FH AR
i) B 38 EDS BIKF .

[0044] “NES 2R &7 R EIREEHE AR IR IR E M 5 T T RIE. 5@R
HIxTHAREL, B NES (AL B GHAEEE RN HEREE WAEFEER.BS
St AR L E A T RS R ME N iR, " Vander Wal, biR, 25 50 71, 5 AR HI N HRE G
X
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[0045]  InACSCAE A RIARTE “ BE” FEAK.

[0046] AKBIGRMEMAESY, HEES —MREM LT Y L ERZHEA—EER
R A A R B U2 1 I TR B FU B S B, e B R SEHE 1. 294 -G mT LURE Sl s e
HIHFUBE SBRARRORAD, A TEBEES, B TERS 2.

[0047] A SCAE A BIARTE “25% LRI B2 A Y T8 08 IR M B4 2K [ (R BB A TE 78
)RR T B A R R B R R A ST B . FTLATE 24255 b RT R SZ A RO R A S L
SR B, LE AN FLBE R BB AN RERE Ik, LI BRIE M A DR B AR A HATAE
Y, IR PREAHERN CEFEENRBRAL S REHER 22 98 88 ;W
FE 57 e dnE AT R AR TGS S, b anAR AR I RRAT I L ZLAE I K O ORI R
W T T R S BE L AR ZBE AN B AEER L EE STAR SR, ELin S S BN E AL
BB  ERE K (BB K ARV L 2R ER £ R, U R e R B A
BT EL A+ T AR B AN FNRE B Bk, L R B B B G BRI EH ORI L PARR T A 5 &
), B R R EFIH A UAFE TiZ A S+, RIBE 7 W H M A8 E » A R BA TR L2
WMAEY, HAREE R EE A L B2 Bk — B 8 BERBRBUKE 74
S 16 BN FI BRFE T, 45 B SERER) 1. BT 294 & m] DARC ) A T DA A B s i 20 O
2 A THAEREESFEHETEWE .

(0048] ARHEMBGYHAYTTUERM T HFREATEE . OR Bl BEINJEER.
JAER (CAmE R R R EFEER) OB iE S O B E N AR ARE
BAN PR UFEFR AR UL BERE P B Y R ST S AU e 2 U7

[0049] fHTIEMEES AR\ G YR % D82 TR K HERFEK T
VRV S A0 O BRI MR IL T B R T B T AR R A BRI TR B R . AE K M
FAE K 8K IR BTSN R LR a5, EARRF/K. B 20l (A 2B R4
B H S ) HAE IR S A (LI v ) RO R S A ATLES B v R L g . 1
B, T LA I A6 P A A A ) b BB AR  AE 43 BB 1 1 T 8 PR B R AR AR AR A
FH R T PR SR SR Al TR B

[0050] X 4b4H &4t AT A A BhF, Ebdn B R F L ISR FLAKT . 43 BRI T AR AN 2 B
Flo ATLLHE S & FHE A EEF LB B VR T B R | L B ER AR R IR TR
WAEYIKVER . BFESBHIE . AR e R BN . AT LLE L F B R R i
TRFA G 2410 i R 45 0 B SRk 18 BT S A R IS KRB =K.

[0051] #EFLEW T, A TEKGYRER, B BERIEKR B BT 35 B A
I TR o I T I S A A K M 2 O h AR R B R A R R A B VR SE B .
BT, 2540 W U S B v T R 2R, RSk AT BB T Rk KD . I
b, B 5 A 25 25T 2 R E IR RS o 25 VA AR B R R T T M A R SR

[0052]  [& T A KMEBRRINSZ AR RS FISFEDIR (R Bl & SERf) 1) 250, SV
LIS BEH, Flin Z B RAL R isEE B E LA LB BB K L LB BE U R AT 4R R
SEAMAE (aluminum metahydroxide) B+ g . FARE R LR ED .

[0053)  4iRHALE, B4 T A AR, A K B AE KR UK 32 1A IR 1R I Eh 7 B FE B
F) (CHERRRSEHER 1) P LA EREELE SR RS, LR & E R E AR, €
ATAT LA LA TR B 40 & % 20 3 49 o g e i 0 4 B o B RS, BUNA R B FISR K, Bk
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THEEAAEYR] Ux%EEM%ﬁFﬁ‘Z'ﬁ!ﬁ%?%%ﬂ(*ﬁ%%%ﬁ??ﬁ%ﬁ‘]ﬂ@%‘fﬁ)ﬁo
[0054] AU UK 6 R BN RIS HR (R 52 L D) 1), nREY, 5—H
ﬁ%ﬁﬁﬂi%ﬁ%#iﬂ%%ﬁ‘]ﬁﬁy'tﬁﬂu%%ﬁﬁ*ﬂgﬂ"]%fﬁe Al LA AR FF
VAR T T S04 A RO 254 U AT AR BT A S 0 H T AL AR R & F B R IR LT
SR F ) [ A4 ) 2 o FEIXRER B A P, £ KM EBBIKZ R [ AN ERFEEPLR (Real
Bl 1) 7S E D —Fh g R ( bR ILBEBE R ) B . HEEMKE,
W T MR IR A2 A, IXRE B W] AL HA 1540 . SV 0 R L R R B, B 4
TR E R I AT 4 R ZERCEE A FIRI ARSI T, B # B th vl A FE G il o =L
3 & 3 Y65, FF BT BB A YA B S 28 Bl i 3 — 3 43 7R LARE IR 7 AR TR
MR RIEEY BT LA /S 4 A A R SE B L FE R A AT

[0055] I v St f b T 2%, 2 38 3ok 7 T A A0 I A O 3R & A0 G G R AT - BB
TR ) B B B TR ) 2% TR 254 5 B A i O AR P B B AR A v B, BT
DLESHIZ5 R MR 22, T AT A A AR HI R A YR SE B B RER (JREEHE) A (BRHEF) -
ﬁfﬁ?ﬁfﬁ%E‘J%UﬁUiﬂ@ﬁﬂ%%%ﬁégﬁEE%1$ZEZR*E§E@EE@T¢EEM$L%U*‘%’J%o

[0056] F)?J‘Zﬁﬂ‘?i?ﬁﬂ‘]%’]%ﬂﬂ%%ﬁﬂUﬂﬁ%lﬁl1¢Zﬁ%¢@%iﬁi@ﬂﬂﬂ§§ﬂﬁ%ﬂ%ﬂ"]ﬁ
B SS BGE I N R F K A T B A AR DAY A 72 18 FE AT M AR B 43 BRZE TE B 7K B
HABTEE A A B

[0057]  HRIE CLANE AR, 1 FHIE-& 4 BN B W A &I 5 R LAEC sl AT ¥ B f 1R5R), )
0 TE 1 TV S 7K P e R i R Bk 0 B T 1 6 A SR T LARFE TSR B A AT
R T ) SRV 70 P () T BT Y S VA R BRI, B N E 1, 3~ TomEPRER. 2P
AT LA B B AT 82 52 0 A BRIV 1 /K  MRAS L U. S. P. MEB SR, 75 BEA
7 o B PRV SRR A R . Sk B Y, FTAE AR TR AT (AR 4% 1, AL B AL B v
smeskH T Es. 340, FR I bt e R PR AT A O RS R

[0058]  FH T CIJRLA 25 00 B (67 B L3RR EE 4 7 RUF) L R FRUANDRL 1 o 7 IKAE I [ 1 7
T o, A K U A R S I SRS L) Ry B Sk 1) S5Eb—FMiE L
TSP 1 2 1 b AR A IR A B BEBRAS R / B a) S FRFBOE R, b B IR  FLBE TR
g H BEEAKAGE b) RAT, ik PR A% R BERE IR A7 I S |
FESE R BAG R sc) SRIEF, EeH i i d) AR L BS H ER A DR B R E N
VS TS  FL L TERR £ FIRRBR AN ;o) W MRBR M, Lol e i 5 f) TRt ), Eein TS
M) sg) TRVRF, bL i B A AT R R H s sh) WP, bt s AN EAE L R0 1) T
7, Lo g Ak R AR BR AT A R ER SR L [ 1A 2R o TR AR KRR ERES.
FERCEE B R ARG LT, BTRF BB AT R G Rt

[0050] 452470 [ A 4 &4 th T B A 3 70 1O R B 3 AR PR B 3L 7 7R, LA P SLBE
(lactose) BXILEE (milk sugar) UREHTERLZES.

[0060] &) 70 FRRTE | 40 FrUR0 SO 551 5 ] 4ol 80 T LA P60, AR R 5% L A i W AR R 2
FATUR O B A1 T AR R E & . SRR SHA BRI, 3 B AR LR EAIUNEL
A0 4 75 il (05— 3B 43 7 A RE IR 75 AR OIS M R &) . W LUEH 1 4R A ) 4 5K
FOFER B YRS,

[0061]  FH T O R4S 25 1 VAR 3 A0, 45 245 2% b AT 2 O L) S FLIR) VR TR B VR B K

10
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FIELF . BT A KSR RIRZ SR FEEFSFETR (RFHR SRS 1) Z 56, WA
RYA] DAL A A ATIEE B 18 P A0 1 T AR R 5T EL a0 dn ok S L e VA IS E R FLAL R L an 2
B AR M. 2R B AT EPRFEE. A 8.1, 3- T . PR,
TR B R ASFF I TE AR v KW R ZE RO VR BE AR RN BR i ) H v DO SR
T IR LA ER A AR B ER R . R ILVEE Y.

[0062] & TIEMER B 4h, OARLA &9t AT LEHE BRI, b anyE v /), FLAL A&
5 BRI 3 R TR RN ST &

[0063] A T#HE—EENEKBEBMILZ AR S FIEEEEIR (R 1),
A K E R AR R FEE R EFEE LR (R R R SRS 1) ERRHAMASY T IISK
FRFE K SER] LAZE AL, 3 F B R B RS MMA T R, ik — € BT H SR G A 1
WGTT RN o SEFR T B K R 2 B F B AR KRB RUR 32 & ) s SR B BRI I v
M AR IR T RIE M AR RIE AT B E IR R ST .

[0064] ] FBR A 44 P B AN R BH B AR KR B UK 2 4 I 1) B3N R SR LR (R il B 55 I
) 1) KB HFIE L 0.003 24 10mg/kg/ Ko AT OARGZH B B, BEOLERFIET] LA
FEZ0.01 B4 5mg/keg/ RIGTEEN . LIERKFIEAN T 25 & 300mg/ RZ B BmILERIH
75 & 200mg/ K. WRHE, HFAZEW, BRI HFIERT UL RS XFE, s RKm4
Z DY BB

[0065] KA ULBA-HHSIHKTE R ERBIEMXMSE TN ERETI AIFASE
g

[o066]  (R)-2-(2- FF & mk M I [2,1-b] ME M -6- K )-1-(2-(6-(6- F & W
WE -4- 5 )~2,3- T8 -1H- 8 -1- &) -2, 7- ZH/ AR [3.5] Tk -T-£) ZETUMEHA
AICELUS 2011/0230461 A2 FFHI-& Al T 45 o

fo067]  SEHEM 1

{o068]

[0069] (R)-2-(2- FF % K M JF [2,1-b] ME Mk —6- % )-1-(2-(6-(6- B H
BE -4- F ) -2,3- —4& -1H- B -1- & ) -2, 7- & %8 [3.5] Ft -7T-F ) L
[0070]

[0071]  2-(2— FEFEBKEMEIF (2, 1-b] BEWE -6 ) LIREKE
[0072] % V8 (436g,2.73mol) 7E Z 8 (750mL) I B W M A B 3-8 R T B 2 B8
(355g, 2. 73mol) EZEE (1000mL) FHENBEHE P . HERIETF, WHZESY 72 /N, HAERE

11
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TE 45°C FIRGELAR £ 2. HHRAY AR ZHF A (400nL) Fizk (250mL) 218, #&H
HUE B R B R SN (2x 300mL) /K (300mL) « #7K (125mL) Velk, IR TKBRBRET R
LI ROT I IR YR, B3 B H AR 4- 1R -3~ SRTHE 421 .

[0073] [ 2- G —5- FREEMEME (150g, 1. 31mol) ZEPIEH (1500mL) d (¥ 8 P 1818 0
A 4- 4 -3- G T 285 (345¢, 1. 65mol) 1 5 SRS YIH I (R 22-40C . iZIR
oA AR, FEIONTRER (300mL) LMREEHLFE. EERT E(EE SUN M) =RBCR AL
Ay, 3 TR BRI UE G, BB AR E . CRBERE S, HAEBESFEDT A0CT T4
N, B3] 4- (2- B FE -5- P - M) -3- SR T RZBSIRRE (272g) -

[0074] [ 4-(2- B3 -5- FI%E — M) -3- AT %2 B SRR (2728, 0. 84mol) M
AT ZEE (675mL) , FH FVR-A T 90°C T k2 /MY E 1% B () 47 8], [ A g N
L R RIS Y, BRI G E S L — R, 1 2 A B E A, Bt
JEICEE 4% B AR B0 BRI, FFAER S T 40CTH# 4 i, 2 (2- BZEBkmMeH [2, 1-b)
[1,3] B -6~ £ ) ZMZEEIRMEE (2268) .

[0075] % (2- ERZEmEMEFE [2, 1-b] [1, 3] M -6-3) 2.8 ZHsE R B (226g, 0. T4mol)
VK (350mL) A, FEEIE IMABEERER (51. g, 0. 37mol) W¥WHIAE p 7. A=K
(300mL) ZEEUZAYERL, F5A #i/K (150mL) Yera WU, LTEKH BT IR, T IR IR, 18
B SR AR (2- FEERKIEIE [2, 1-b] 1, 3] ML —6- 55 ) R LB (151.3g) o
[0076] 4% (2- FF L ok W 3F [2,1-b1[1,3] M -6-&) & i Z Big (151. 3g, 0. 67mol)
T 10% HCl KBS P (435mL) o, A B R iZIR &Y 2 DAY 15 BN RSV
ERE, DTS, BREAMRY. WA ZE (100mL) H Z Bk (200mL) , 8 it id
R B B UUIE, JEAE B T TR 9 51 144.3g(93% ) HIFRERAL B
MS (ES+) 197. 1 (M+H) " 'H NMR(CD,OD) & 2. 48 (s, 3H), 3. 88 (s, 2H), 7. 81 (s, 1H), 7. 85 (s, 1H)
[0077]

_Br

[0078]  (R)-5- J& -2, 3- & ~1H- & -1- J}&
[0079] 45 22L [ 5- 3% I3 JE 8 M P 35 N\ 5- R —1- B 9 B9 (1. Okg, 4. 72mol) - ¥ K
THE (8L) %0 (R)- FF 3t —CBS- MEMEHH % (oxazaborolidine) (730mL, 0. 73mol) AN, T#
HZ -10°C. £ 1 /K, B - R (10. 0M, 650mL, 6. 5mol) , [F] f AR 2R R PR AR
F -5C. 7 -10CZ 0°'CF, BiakiziB AW 3 M, FFUMRE X NIRRT 5 CHIERAK
(41) %K. FE EtOAc(3x 3L) EEUZESY. W& IFMAVERY MK QL Wik £
MgSO, T4, 1T ye3F vk 4, BB E A E . A9 o AR ORRE THEF AT 1% Et N
iy SLRERS ), 36 A BtOAc/ B (1/3) YEM. WRAFVEIR, 3 F7E AP I 10% EtOAc {HIRR
M AL, IR AR, B 5 585g K A E M (S)-5- IR - BN —1- B, R BRERTRAE, A
75 SR I 10% BtOAc HWiAL 36 1L 3k, 188 5 41 200 Bt [E 44 (S)-5- 1R - Bl -1- B
HE IR EY) (785¢,78% ) AT T —4, ARk — L.
[0080] 7EN, T, FEVKIB AT (S)-5— 1R - Efit —1- BF (288g, 1. 36mol) FEFF K (2L)
IV, 35— VR M Al B B ER — 2585 (DPPA, 400mL, 1. 85mol) 4b¥E, BeE A 1, 8- ZRAR 3
12
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(5,4, 0] +—%8% -7- % (300mL, 2. 01lmol) ZEFRZE (600mL) FHIEEALIE . 7F 3 /N IDANEH
8], KSR ERFEE 3R 10C, £ 3/PHFIZIBEWEMNE 15C (TLCHREERBIRE) .
F BtOAc (1L) B iZIB&Y), 3 F/K (3X2L) ¥eik. £ MgSo, THRiZHHLE, LI HIRYE,
R3] 516g HIFEBEHRY . BAERE (EEECHETH 1% EtN, DEEsthig ) air
Y, BEZHRYH R -1- BEE -5 IR - & (291g,90% ), EBA T T —5+.

(oo81] ¥ (R)-1- B&E EE -5- R - Bfid (154g,0. 645mol) FI¥EBIE T FEE (2. 4L) &, 3
A SnCl,. 2H,0(265g, 1. 18mol) . =W T A ZIB W (TLCTRREALIRRAL) , Ik
452F . A 2N NaOH ZK¥&# (2. 5L) F1EtOAc (1. 5L) ALFIBRIMIHERY). W ZRED L /D
B, 35 B F EtOAc (3X 250ml) T i F it Celite®, /3 BB WLAE W, 7 H EtOAc (3X2L) &
HUKE . FIN HCL (2x 2L) ¥eik-& I A AR, #E /K (L) ¥k, FHYA RHF NaOH
WG & F K ER) pH TR 11, 3 Et0Ac (3x 2L) ZEEGZIESY. &I HIZEE
W% MgSO, T4, T UE IF vk 45, 153 (87.52,64.0% ) EREHAMRYAN R -5-1R -2,3- =
& -1H- 8 -1- B, H8HIRT &4k . MS(ES+H) 213, 9 (M+H) ", 'H NMR(CDCL,) 8 1. 70-1. 75 (m,
1H), 2. 40-2. 45 (m, 1H), 2. 77-2. 82 (m, 1H), 2. 93-2. 97 (m, 1H), 4. 28-4. 33 (m, 1H), 7. 18-7. 23
(m, 1H), 7. 36-7. 41 (m, 2H) .

[0082]

[0083] A-(EHE ) -4~ FELEIRIE -1- RERMNT B

[o084] FEOCT, MAMTMEKEIRFP KM = KKK (22.6uL, 159mmol) 7E & /K
THF (140mL) = &% ¥ = 3% 10 n—BuLi (65. 4mL, 163mmol, 7E ke 2. 50M) o PHEEIZE WK 45
G35, 7E 0°C T I0TE THF (60mL) # 4- FRAEIRIE ~1, 4- “3RER 1- AT BE (20g, 80mmol) , JF
EOC FHEHZIBEY 1 /AR, WMEBI L (17. 9mL, 239mmol) , F I IZIBEY) 1 /T
FH 250mL 9 HELFN NaHCO, /K ¥ VRV KRR &), B8 F LR LWE (3X 250mL) 2L, # &3
A HUEREL: (2hK, 250mL) , F 1 (NayS0,) AR FIR4E, B3I EamRYy, @4
Combiflash ISCO4lifk &% (Teledyne Isco Inc.,Lincoln, NE) REH —EALEG g4k,
BRI 4-CRFE) URIE -1, 4- R - BT H 4- NS (12¢,52% ). 'H NMR(CDC,) &
1. 43 (s, 9H), 2. 10~2. 17 (m, 4H), 2. 97 (br s, 2H), 3. 56 (s, 2H), 3. 74 (s, 3H), 3. 83 (br s, 2H) »
fo085] 5 4-(E FE) URIE -1,4- —RE 1- T £ 4- FEBE (11. 7g,40. 2mmol) 7E
Fo7K THR(100mL) AR AEIE 0°C. 18181 (15-20 440 ) IIANEWEE (78 THE
IN, 44. 3mL, 44. 3mmol) , FF7E 0°C F HEFHZIE W 25 4340, @RI /NLHB MK (L. 8mL)
BRKAZVREY). W0 INNaOH 7KV (1. 8mL) , I+ ZIR &Y 5 406, =B, du
HE A, FEH B,0(2X 100mL) BEiRIEDE. I8 /K (2x100mL) | 2h7K (100mL) BE#R, T4
(Na,S0,) HAEWE T RS, BRI LEAK 4-(RFE)-4-(BEFE) URIE -1- RENT
fis (9.96g,93.8% ). 'H NMR(CDCl,) & 1.43(s, 9H), 1. 48-1. 55 (m, 4H), 3. 36-3. 41 (m, 4H), 3
.57(s, 2H),3.59 (br s, 2H) .

[o086] [ ZEAL T B B RS B A P (R B RE SR (5. ImL, 57mmol) 7F & 4% (100mL) F iy -78°C
VWP INNTE @ P (17mL) R F AR (8. 2mL, 114mmol) . #HEZIREY) 2 74,

13
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345 10 4rEPIMNTE —E B (50mL) FH 4-(RFE)-4-(BREFE) WRRE -1- R
THE (13.7g, 52mmol) . 76 ~T8°CF, BLELIZHK 16 4340, FMA =2 (36nl, 260mmol) .
7 —18°CTF, HidiRBE &Y 15 24, FEMEZR. FEEET, HEZIREY 15 /8, HH
AT NaHCO, 7K ¥ ¥ (200mL) 38K . F Et,0(2X 300mL) ¥EHRk KR BAEFBEIE
FR 2R K MU, F1E (Na,SO,) FFEVRIE FIR4E, B3 2 H A MRY KA EY, HHAEZR
THEESF®ENENL (13.72,99% ). 'H MMR(CDCL,) 8 1. 43 (s, 9H), 1. 48-1. 60 (m, 2H), 2
. 00-2. 07 (m, 2H), 3. 07 (t, 2H), 3. 57 (s, 2H), 3. 69-3. 79 (m, 2H), 9. 55 (s, 1H) .

[0087]

[0088]  (R)-2-(5- & -2, 3- 4 ~1H- 2fi -1- % ) -2, 7- “HZ:4R [3.5] ke -7- B
THs

[0089] [4 (R)-5- J& -2, 3—- & —1H- &fi -1~ ik (1835, 8. 66mol) IR BEE (24L) PR
VAR AN 4- (G 3 ) -4- FREREEIRIE -1- BRIRAUT R (2310g, 8. 83mol) £ 50°C T
PEPR A 16 /NI, A HIERE . £ 2 /N, G EESFMALE THE (151) o R EE
Av&H (1000g, 15. 9mol) . TEE/SF, 7E 60°C TR AY 24 /MY, ZHER O HENE 2
i, W NAHIE 20°C, BB BB 241 [ 2. 5M AFALEIFI 30L i DCM K & 2%
th, VB R, DOM(2X5L) ZEEUKE . ALK EBN AR MEME A KE&FHAE
HLETIE MeSO,) , HZEIE FkdE. Fid7e 40°CHEE L /AR, FEZR T B 1 N, A5
S6%) [Fe7E MTBE (7L) "R3Bk . i [ 44, F MTBE (2 X 500mL) B, HEERGHET T 50C
AR, BF] S G S R BFR A (36576,90% ) o MS(ES+)422. 3(M+H) "o 'H NMR(CDCI,)
§ 1. 44 (s, OH), 1. 67 (dd, 4H), 1. 84~1. 93 (m, 1H), 2. 07-2. 16 (m, 1H), 2. 72-2. 81 (m, 1H), 2. 95
~3.15(m, 5H), 3. 31(dd, 4H), 3. 85 (br s, 1H), 7. 12(d, 1H), 7. 28 (br s, 1H), 7. 35(br s, 1H).

[op=+39.6 deg (c = 1.06mg/mL, MeOH) o

tOOQO]

Y

[0001]  (R)-2-(5- (6— FRIEMENE ~4- 3£ ) -2, 3- —4& ~1H- Bfi-1- % ) -2, 7- ZH&HR [3. 5]
T o5t -7~ BRERAT Bs

[0092] 2N (R)-2-(5- 18 -2, 3- & ~1H- 8fi—1- % ) -2, - ZH iR [3.5] Bt -7- &
B kLT HE (4. 0g, 9. 49mmol) [ 50mL BEME A (ZZEE ) A (ID) 0. 17g,
0. 24mmol)  Z B (3. 73g, 37. 97mmol) <X ( AFMEEE ) —H (2. 65g, 10. 44mmol) , EE LR
2P RSB FRNES 5 R B EREME (ZEMART, BAESH 30 7040 A2 (40mL)
MABNRES Y, 3E4E 100°C FINFGE R 1.5 /AN, it HPLC MWl 5 R 58 . FE T A

14
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Bl mh R A B, RNVAEIZE 40°C, SN A S E AL S B9 B (11, 87mL, 47. 46mmol) ,
BEEMA 4- & -6 BEERE (1.53g,11. 87mmol) » RJE, RS T, KB I IR ESY In#H
£ 90°C 5 /NBf. FRNAEER, HEAK (26nl) o FEHHE 20 425, SEZREY
UEBEE k. BEVEENBREE 1.6 XEH HCL (4onl) KI/KBE. BEHIE,
A (4¢) ISOLUTE® Ultra Pure Si-Thiol FEBAL¥EE AWK 1.5 /AT, I it u&.
HiZKEE WA AN NaOH R TT 2 pH 7.8, HFH F & (40mL) ZEHL., E45C T, AT TH#H
B WRGE Y 15mL, BB AR (75mL) , I 20°C FHMFLZBEESY 1 Pif. T
), HAEASCT, EEA T T8 /N, BRSO EE AR ELEY (3.562,86% ).
MS (ES+) 435. 5 (M+H) " 'H NMR(CDC1,) 6 1.46(s, 9H), 1. 70-1. 74 (m, 4H), L. 90-2. 01 (m, 1H), 2
. 13-2. 26 (m, 1H), 2. 59 (s, 3H), 2. 84-2. 93 (m, 1H), 3. 04-3. 21 (m, 5H), 3. 30-3. 38 (m, 4H), 3.9

5-4.02(m, 1H), 7. 40(d, 1H), 7. 56 (s, 1H), 7. 87(d, 1H), 7. 95 (s, 1H), 9. 12 (s, 1H) »
[0093]

[0094]  2-[(R)-5-(6— FP&: - MERE —4- Z& ) — Bl —1- 2k ]-2, 7- 8 Z% -8 [3.5] i
HERE

[0095]) ¥ (R)-2-(5—(6- FAELMENE —4- F )-2,3- & -1H- i -1- & ) -2, 7- —H %IR8
[3.5] Ekt -7- BRI T B (72. 6g, 167mmol) BVF7E FEE (363mL) 1, FFMATE 1, 4- =
BELGE R AM HCL(251mL) « ZEBLHE 2 DB Z G, MR B ET. HHEAD T &ZE
MeOH (500mL) AR IFIR4AE (3x)» FE46°C T, ERT FTH—H THREINNEF, 5 2B E
Y (74.1g,99.9 % ). MS(ES+)335.2(M+H)", 'H NMR(CD,0D) & 2. 16-2. 23 (m, 5H), 2. 59 (br
s, 1H), 2. 78-2.80 (m, 3H), 3. 12(br s, 1H), 3. 19-3. 24 (m, 4H), 3. 37-3. 49 (m, 1H), 4. 14-4. 23
(m, 3H), 4. 49 (br s, IH), 5. 11 (br s, LH), 7.84(d, 1H), 8. 30-8. 34 (m, 2H), 8. 46 (s, 1H), 9. 36
(s, 1H) »

[0096]

[0097]  (R)-2-(2- FREEMKMEIF [2, 1-b] MEME —6- 2 ) -1-(2- (56— (6— FRZEMEIE -4~

[o098]  H:)-2,3- & -1H-Bfi -1- % )~2, 7- —& IR [3.5] T -7-3 ) LM

[0099]  [f] 2-[(R)-5-(6— FF & - WE IE —4- 55 ) - Bfi i -1- & 1-2, 7- — & %% - 4% [3.5]

T ZEh i tb (540mg, 1. 22mmol) #F 10mL B — S B P M EAE R P M= Z & (492mg,

4.90mmol) . — B iZR & WAE AL A L B Fom N B 2-(2- FEE Kk M 3F [2, 1-b] 1E

M -6- 3 ) ZEREhER AL (251mg, 1. 28mmol) 7F SmL f & B F R P . B ZREY
15
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5 434h, I NEE 2mL 9 DMF 7§ HBTU (462mg, 1. 22mmol) « FEERTHPEIZR M 1.5 DiT.
A 10mL B NaHCO, R 1% 5 B, 3¢ F 50nL i) — LR GRRE . FIBA I EASIA
HLE, 25 Na,SO, T, i HEFIRME . H45R RS T 5nl ) CHCON =, AR TRINNE
100°C 1 /i, FEIRBEEE . BRI A E SR, HERZEPLERE fE A, BB RKE
KRR 5 (428mg,69% ) o MS(ESH)513.5 (MHD " 'H NMR (CD,0D) & 1. 70-1. 74 (m, 4
H), 1. 88-1. 96 (m, 1H), 2. 27-2. 34 (m, 2H), 2. 40 (s, 3H), 2. 58 (s, 3H), 2. 86-2. 97 (m, 1H), 3. 11
~3. 15(m, 1H), 3. 31-3. 34 (m, 3H) , 3. 52-3. 55 (m, 4H),, 3. 78(s, 2H) , 4. 05-4. 09 (m, 1H), 7. 33 (s

C9H), 7.55(d, 1H), 7. 78-7. 79 (m, 1H), 7. 94-8. 03 (m, 2H), 8.93(s, 1H) o [&]= +4858.3 deg

(c = 2. 5mg/mL, MeOH) -

[o100]  AAHIUE

lo101] iUt MEER &l

[0102] %7T%ﬂ@ﬁt%%é%%%miﬁ%ﬁz%%&ﬁﬁzﬁk%%a@ﬁéjjﬁiilﬂtﬂﬁi}%%ﬁéi@%ﬁzﬁ%

F T B M B9 B, BEAT IO B O S 5 - H SPA TEEUA F R4 AW Rl BTG

ARSI 44 R B AT M4 & RIE. FEFRE R, GRS WRIEE I LUK ER

s, HosE X% T BAR BRI 5, 2E48 S8 RO MR ARIR T, ['%1] EKEMERK

B4t A R 50 % T B E RS IRE .

[0103] B A KIS EBUL SPA ZElE _

[0104] 76 90 u 1 f B &AM BEAT A K IR BB JBUIK SPA & & l5E iR &P EE

BELZE 0. 5mg SPA Bk (/NERZEERERIRE, GE Healthcare, RPNQO060) 1] 250ng & &

GHSRla ( ik B ZH EKAT W EZIF la ) HEK293 FZEFSFHMMER s H&E AR ) M

50pM['2°T] AE KM E B HPK (Perkin Elmer Life Sciences, NEX-388) , i1 _t ¥k & A5 4k Fy )

RAULEDSA TR

[0105] fEi=2, EXiEB T T4 2 NS0 T 2u 1 IR &) (2 DMSO YERN )

(7 384 FLAR (Matrix,4322) PHIEMEFEMA. ETMA 2801 e b (50mM HEPES.

10mM MgCl,.0. 2% BSA. 74 EDTA BIZR BRI ——1 J7 /50ml i, pH 7. 4) , #hAEW E

ZE i 30w 1 f 8. 31 g/ml hGHSR1a JEEFI 30 u 1 [ 150pM['#°1] KIS EBEAK, FF 6

R

(01061 %5 IR & 4 4% 5 8 /N B, BL & A B ok B F 4, IF B R AR R MR B A

1450Microbeta Trilux (Wallac) WIEZE—ERAEEYHE.

[0107] SR A I 20 B BA o it o Sl 78

[0108]  7E 100 n 1 [ 52 £ AR B P HEAT A5 K B MUK 45 & U, BTk B R AP 2

100ng B GHSRla (Fik BE L KB MW E K 1a ) HEK293 TUEF & A5 SRR o

£ JgfE ) AN 50pM%T) A K EBERUIK (Perkin Elmer Life Sciences, NEX-388) , in £

FEARAL R IR B AT T

[0100] =2, =\ T T-AH4EDMSO 1 21 1 BMRALA4Y (S DMSO 194 )

(196 FLIR (Costar, 3357) Al & MNRRE o Bt 23w 1IEZrF ¥ (50mM HEPES. 10mM

MgCl,.0. 2% BSA. R4 EDTA K92 I EEIMEIA —1 K /60ml Sk, pH 7. 4) , AR 2 R

ViR 251 1 4 g/ml hGHSR1a %0 50 u 1 f 100pM[**°1] A= KRB UK, T aR TR,

[0110] {EZIET, BRASWIINE 90 A bh, BEHBEL 0. 3% PEI- LR 96- FLBTAL
16
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Yt AR (Perkin Elmer,6005174) . KB -&H)FH EF W H LA 200 p 1 7K¥4 K 50mM
Tris pH 7.5 ¥E¥ 3 K. BREFE T TERLHE, F mEFLIInA 30u 1 Supermix R4
(Perkin Elmer, 1200-439) . Bt AN % A 1450Microbeta Trilux (Wallac) ¥l
EZE-—MEREEYHE.

o111] DA Xt 2 # GHSRla BT @& ®) A8 R 77 X, ¥ 17 %F ¥ (\M_001099945. 1)  fx
(XM_001084886. 1) . /> . (\M_177330) F1K & (N\M_032075) GHSR1a ( 4> & 75 4414 ) HEK293
WHREAFSHNARAPRE) KSR ALS ST EERNE, BT 20 ARG &L
BRI 21 g X GHSR, 250ng ¥& GHSR, 200ng /) i, GHSR EY 125ng K §i, GHSR.

[o112] BEA KM ERI] 0 5
(01131 5 TIENRL AR~ B E CHSR1a 5 (Bzh. w590 B0 8E . R i3 ) 1
fit f1, #47 DELFIA GTP- 454U (Perkin Elmer, AD0260 F1 AD0261) o 1%l 5E t MK GDP
FH GTP AT H: MBI . 732 7K 455 B GDP 446 FR12 1) GTP BT, GPCR 151k S
Hn. SEHEBUFRITLE GDP-GTP AZ#k, 11 45 & IR MM #1144 32 (5 #E3) 2 6DP &5 (ARVE4L )
WA, ZFHFEFHEA . :

[0114]  7E39.5u ]l MEBEX AP HITERKEEZBRKTIGEIE, TR ELHREE
720ng B # GHSRla( RIXBEHE KRS W EZE la B HEK293 I RFFH SRR E
FONTE) JOnM GTP — AR E LR AR . A TR ZAETUER , BIRAE
BENF A KRB IUL (Anaspec, 24158) (ITFAET , T ECq W FE, N _E MRk & Bl %
I o

[0115] MM S, EZE T 384 FLIR Matrix,4340) Bl & TS Y. 858, AR
1AM AE DMSO "R, RIEMA S ERAE oM A KM ERBARE 150 1 B 100 | FZEH
22 by (50mM HEPES pH 7.4, 3. TmMMgCl,, 250 u M EGTA, 125nM GDP) « #RJG, KRR LI 61 1
EREASIEREMEE T 3001 1 240 g/ml hGHSR1a FEFN 0. 35mg/ml 2 H (Perkin
Elmer, AD0261) ) 384 FLidyE4R (Pall,5071) .

[o116]  ZESIE T, KR SWIRE IR 24 780, R REIRIE, A MA 3. 50 1 £ 50mM HEPES,
pH 7.4 iy 100nM GTP- 46, {#FEREE, Hit— B HERE T HFE 90 7+4h, FIFHRBRIRE .
BT R, B 75 1 1 Uk¥ 9 1x GTP Wash Solution(Perkin Elmer,AD0261) ¥tk =
W, HSrBIZE Envision 2101Multilabel Reader (Perkin Elmer) _bAF KR JEFE2F 320nm
RN ET RS 615nm FEHL

[o117] A& o3 |

[0118] %5 1 K ZREFMKN (iv) MPHEEED LM iR 5S40 B e R E RS
W& iv 83K BA BT 2 somL 4EFE B . K ATIR 48 H 20mL A UEVEIFC & . K4l
L 1000 % / 4 (rpm) JiE#E 1 2350, R, BEIMRTE 37°C,5% C0,(10cm” BVF 4L, 10mL /i
/IR ) PRI .

fo119] %8 2 R EBESHREBE 50nL #HEE, AN EFE Hank’ s Working Buffer
HIRE, REBIBAYLL 1000rpm JEH% 1 4040, 25, RS 45M Hank’s Working Buffer
VEIRIE S, JBA . RELL 1000rpm BERE 1 478, KA, BIBREBBRERL 15mL ZH K.
SRJE, DO\ 30 1 L9 500mM EDTALImM], 3F HZ EERIEB TR 8 dh. &, mMETMA
750 L [ 0. 25% %5 (5 ~EDTA F1 151 1 ] 2mg/ml DNAse I[2k g/mll. 7E 30°CF, 4R

P

17
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Lk 10 44h, FIRFLL 60rpm 3% . @it Iml BRERE (50 K) Kl B A
50mL [y Culture Media, 35S N 63 u M B AR . K IBAYILL 1000rpm BEF 1 7380, 4
EEIRBEBRAN R BNREHBRE, JFHYA 25mL Culture Media FFIRBELRA M, LA
1000rpm JEHE 1 4¥4h. B3 BIEW, )5, K4 5ml Culture Media $ /N ER B IF 37 X7 40 g
W, LA 5000 4HAE / FL (2001 1/ FL ) BBV TEREHIAR . KA 1000rpm g 5 41
B, B THERERBE . hTHEER, R 600,000 M4,

[0120] %% 3 K A HUE S E

[0121] k33 A 100 0 1 &7 SmM 425 58 10 B 3R Bk U . KA LL 1000rpm HE%E 5
Shbh, LU IE R B ER. A 95% 0,/5% CO, BEALHS 45 AR 3T CKI T B 5% Frid
. FUSEREEERE (XTEMER, n=49 AFFRMRA DI 0u0 ] B 5%
U S S TG 35 B PR IR . WA 1000rpm JiE%E 5 43, LUK IR 5 BTG R FE AR IR [B]
F 95% 0,/5% CO, HELLE S, 60 4> BRE/K ¥ . ¥ 40 u 1 B EFH — IR, FxtFHEREEH
ELISA Patient Insulin Assay (ALPCO Patient Insulin ELISA ;Cat.No.80-INSHU-E10, "]
M ALPCO, Salem, New Hampshire, USA 3%7% ) i€

l0122]  XtFSTHifdl 1, 3785 1 RIS HR . 1C, (5. 02nM) F Ki 4535 (4. 37nM)
BN R AR RENOK SPA A TR . FRICA“n” I I E AL A PIRTIREL % F
28 AR S TR TROIR T B 5 , IR AL A B Th R O IR IS BB

[0123] %1
[0124]
ot R E L4 1 FER | KJ/KJ/ECS0/ICS0 | K/ECS0/IC50 | n
(nM) _ng/mL
AL
A GHS=1aR SPA S 437 204 10 |
aR Fi 90 4t 2.49 1.28 52
A 24 put 1.42 1 0.728 44 |
A GHS-14R Filter B4 4.07 ot 3.04 1.56 8
Moitulsky i
VLK ko D
% %, GHS-14R Filter 90 44 3.19 1.64 49
«J» & GHS-1aR Filter 90 a4t 7.70 3.95 15
#) GHS-1aR Filter 90 54 3.56 1.83 9
[0125]

18



{TENID?561776  Pg 19

CN 104334193 A it BB B 17/19 T
R k&3 GHS-1aR 90-4-4t 1.83 0938 | 8 |
Filter

AZhiE ;
Eu-GTP S & ¥ 3 #l L1454 485 2.49 16 |
Eu-GTP ### 114 $4% 6.57 | 347 16
Eu-GTP £ HHH#AM 120 #4¢ 1.75 090 10

[0126]  GHS-laR =4 K E(E 4 WEZIE ;Eu-CTP =% - B -5 - =BEMRES ;GH =4 &
WM.

(0127)  SEERY 1 BRAEKBERR MW EZAE (GHS-1aR) BWHE MK (RHEEERKHERL
FRUERE S &, A Ky = 3nM 28 URI B ) GEBMR (W FIZHaZ2 5. %EEa.
BT EIEREE, 1C > LuM) FIIEE R on/of T R MBBNF . 5 B

[0128]  fRPyINE

[0129] £/ IR 4RV o) M1 Wistar Han K425 8458 (1.10.50 5K 150mg/ke) I
(R)-2-(2— FF ZL K M4 3 [2, 1-b] BE M —6- 2% ) -1-(2- (65— (6— I L WEIE -4- % )-2,3- =

S -1H-E -1-F ) -2, 7- Z& %R [3.5] ot -7- &) S (s D, L & 21 /)
AR SEREG] | SHEBIE A (B 1) . FERZNT L /N, FE I RiZEsRE. £

4pm 5% AT I, HAE dam $T FF AT o 7 dom BBNWIEE DN . B Z)E 20 /NETIRINE S . 1

Tmax (45255 30 434 ) MEERESH (satellite group) HIBHYIREEIMLIE . EFN CSF.

[0130] L) 35-65 4348, X5 N AT B YIAH LS, 7€ Img/kg T & & MR A

YRR BERER. 76 10mg/keg T, fE4A 245 35-65 404D, SLHEw] 1 (EBKERBRIK T

56%, AAF RIEFE MR T 60% . £ 50mg/kg T, Lhhfi] 1 (EBKERFRIR T 43%, BAE MiE

IIEMERRAR T 48% . 7F 150mg/kg T, FELA 25 35-65 P2 Ja, S U B FUAH LG, SETE

B 1 FRAR T SyENE, B4t 2 B2 (PO, 5) o E4524 )5 20 /NI, SEFER) | &g SE v

PRV AEY S BE L. EEAFIRT, S 1 BRAFSENILE.

[0131]  FELAZG)E 30 43%h, M@ SCHP 1 B9 R FKSE, 8RR 2 .

[0132] &2
[0133]
FE Mm% My ) [N (aMBEES )
i 0 0
lmg/kg LM 1 18 1.6
10mg/kg SCHfl 1 (184 16
50mg/kg SCAEG] 1 |856 80
150mg/kg SEHERY 1 {1704 148

[0134]  ZE=AMEREWS (B 2) &, £ P BEFE 100mg BID 14 K1 300mg £FIERA

19
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b ML BRI F B - RVMESRR, 75 £ 100% 1% R IR R ST AR AR SR W . )
2R TS 1, QU7E B3301001.B3301002 I H (4 (I8 7K, FIZE B3301007 Hity IR,
Jo7E B3301007 il B 35 % 113 B AR EE (EPOC) o SEHEDI 1 FEANLPRLZEN, HEERER
T2, B4 100mg BID 14 K, KR T 80% £ 5% A5 o K 20 /NETFT 70 9%
DA AL 3 M. EREEHZE, EBOBRFIBMHERMR N (22~ 10 KEF)
/43 ) LR AE KRR IRK - S A KR S IR T — Z Wb, Bl 14 RE
BID #4525, Fi X = F e F L H 2 5e 2 REN X (tachyphylax) .
[0135] ZERKRFWIFR T, FR—K QD) HEFXPIX (BID) USRI IE R LR 5L
Bl 1 J5 = /e Sz 1k AR 1 1A) R A R B R o R\ RS (5.8 £9.7
%) HEMEERNR (ENEESRIERGE TR ) o
[0136]  XTENAIEEAT BATRFIN. MRIEAT XM, R FU 58 — K B e, T R 1Y) QD i
SEHE) 1 BVE ST IR A R ) L RAEIR ST 38 Rt BR R IE], BID BEZ SR 1 (BRI R
HIATR) . St T AT REE AR R M7 77 5. 24 QD A2 sEER) 1 BT, B LS 25 7
B ST IS 08-30 ANESE H o A TALIERSE 10-14 K, FEA TSR] 1 HIFTBRATIL
B Ab3E. e zhi AR AR / Eﬁ%fi?EF LS R, RIS IETT
18 Al B IR B3 .
[0137]  ZE3EASVETF HARAIA), AN IR FE 1t - ¥t % & (sound attenuated) E’Jﬁﬁﬁ%/
BRERED, L TEEHNELEGT, DL U 22 BEAR / EESIM N TR REER
(self-administered) EHIHRHL .
lo138]  #ddE !
[0130] {3 FiE S 7E LIS B0 A BB T RIS RIER / VE 5 B BB AR 3R], 40
1E Masuda %%, ] Biol Rhythms. 20100ct ;25 (5) :361-71, Intrinsic activity rhythms in
Macaca mulatta:their entrainment to light and melatonin FRidf. BRAREIHEIR
S b BRI VE S0 TR B SR AT K B vE 9 Zhdanova %8, J Biol Rhythms. 2011Apr ;
26 (2) :149-59. Aging of intrinsic circadian rhythms and sleep in a diurnal
nonhuman primate, Macaca mulatta HA#RERT. BTy £ SR FE ST R
BYREAR 2 (8] 69 bR, 1647 I HR TF 4 R R AR A 18] B Al vt
[0140) A B W A EHG E BT A3/ RS RSN B0k R I
(ENV-203-1000, Med Associates Inc.,St.Albans, VT). X iF& HEEF# LB3IKE
BN EHEERAZ g &)/ R (Nutritionally complete dustless precision
pellets, Bio-Serv, Frenchtown, NJ) o LR EEAN /DB R
[0141] fEFFE&MERAE (SPSS) BATHIE T, BEMACE p <0.05. HIE LI AEAD
LhIELAET ¢ QD B BID B2 A RELSE MG | (S AT HE CPFRERE (SEM) .
[0142] [ 3 Fil 4 Bt FRASYRIESER (B 3) SayBBGEX (B 4 NEEE,
Bk b QD BB FRESIHER) 1. R 12:12 /Mt - BE1EFF (LD) #ER B3R
EIR LS, S RIE RN AY (EERAMKEX) . ZMERAL 24 PEER
B B A A, W BT (R4 B R SR KB AR HER (BHE#) . R — I8
B A (17:00 A4k ) A25A REKSEHES] 1. N RAESTFHEN (BEERGMKEL), K
X Y F PR AR FF 4R 2 BT 2 /)Nt (EXAE’JW%%#. o BT FFARSEHER) 1 A28 (HEEE
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I SEER ) B, i B PP R XT R T P BE R FF 4R 2 AT 40 3. 5 /M.

[0143]  FHSCHE®) | 403 B 3E D> T REER B AR BA, (R0 T BEER T 4R, ZAEF EEBANETT
R EEAFAE . SE A BRI AR AE ) (BESRE R AEALRTRS ) , BEAR FTF 2Rt
(BIRE B, 5 AT 7F 3 0 FK B R SR 1 I ) AL B B

(0144]  SZHEB) | AMBAEAZFAAREHB L T BRI, Z/EHEEAN T R Rt
FE. ZMEABSEEYRIEANEZE A (RRESE RIMAEMLIE ). 319
B B YR B AR SR . LR 3 FIE 4.

[0145] & 5 RAEE SN FUAH LR B TG 1 A ER S B 3 /N Y BEAR BR ) B3R 4k (4
N = 8(QD #HX} BID)) « Xt FWA, SN LN AR, STHEH] 1 A E 3 /N2 Uit R B
AR HAIE) A B2 8 . 2R RN S S8 ST 1 A P B A AR B 4B B RN R
B AR A () (1 5 4 B AR (IR ZEERER 4L SEM  SXFHEARLL, p < 0.01)

[o146] ¥ 6 1RGLTEMR LA SEHEN) | BN R SE 3 /N R L B IR E A4k . B 6 3R
HE%F T QD B BID ¥ 32 SEitifs] 1 Bshi)im 5 284k (B4 N = 8(QD AHXT BID)) , B 5N Z
N RARLLR , ZEAZHSEHER] 1 B9 3 /D2, iR B A S EBUN BERIK. SUERR N
RN TREGL S 1 5 3 /M2 WEYRE I B 8 (R ELRME SEM; 5N EAEE, p
<0.01).
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