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To develop a new therapeutic agent for sleep disorders, we synthesized a novel series of tricyclic
indan derivatives and evaluated them for their binding affInity to melatonin receptors. In our
previous paper. we proposed a conformation of the methoxy group favorable for the binding of
the MT, receptor, To fix the methoxy group In an active conformation, we decided to synthesize
conformationally restricted tricyclic indan analogues with thc oxygen atom In the 6-position
Incorporated into a [uran. 1,3-dioxane, oxazole, pyran, morpholing, or 1,4-dioxane ring system.
Among these compounds. indeno[5,4-5]furan analogues were found to be the most potent and
sclective MT; receptor ligands and to have superior metabolic stablllty, The optimization of
substituents Jed to (5)-(=)-22b, which showed very strong affinity for human MT,; (K] = 0.014
nM), but no signlflcant affinity for hamster M7}, (X = 2600 nM) or other neurotransmitter
receptors. The pharmacologleal effects of (S)-(—)-22b were studied in experimental animals,
and it was found that a dose of 0.1 mg/kg, po promoted a sleep in freely moving cats, as
demonstrated by a decrcase in wakefulness and Increases in slow wave sleep and rapid eye
movement sleep, which lasted for 6 h after administration. Melatonin (1 mg/kg, po) also had
a sleep-promoting effect, though It lasted only 2 h. A new chiral method lor the synthesis of
(5)-(—)-22b starting from 60, which was prepared from 59 cmploying asymmetrlc hydrogenation
with the (S)-2.2-bis(diphenylphosphino)-1,1’-binaphthyl=Ru complex, was developed. (9-
(—)-22b (TAK-375) is currently under clinical trial for the treatment of insomnia and circadian

rhythm disorders.

Introduction

The pincal hormone melatonin (1) is of considerable
interest for its transduction of photoperiodic informa-
tion,! control of mammallan circadlan rhythms,2 and
modulation of retlnal physlology.® The synthesis of
melatonin and its secretion at nlght from the pineal
gland are controlled by a circadlan clock within the
hypothalamic suprachiasmatic nucleus (SCN)* and are
synchronized by environmental light.5 Melatonin pro-
duction in humans is concurrent with nocturnal slecp,
and the increase in melatonin levels In the cvening
corrclates with the onset of self-reported evening sleepi-
ncssGor with the increase in the evening sleep propen-
sity.

In humans, it has been suggested that melatonin
might have a variety of clinical applications such as the
treatment of delayed sleep phase syndrome,” Jer lag8
shilt work disturbances,? seasonal affective dlsarders,!°
blindness, and aging!* and as a hypnotic agent.'? Over
the past (ew years, numerous reports have described
the ellects of melatonin on the immune system suggest-
ing that melatonin has immunomodulatory propertles. '
Additionally, melatonin was shown to inhibit the pro-
lileration of various types of cancer cells and the human
breast cancer cell line MCF-7.1 However, the use of
melatonin as a drug is limited by its short blologlcal
half-Ilfe (15=20 min),'5 jts poor oral bioavallability, and
its ubjquitous action. Melatonin receptors are classlfled
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as MT). MTz, and MT; based on pharmacological
profiles. The MT; receptor!® is locallzed in the hypotha-
lamic SCN and Is thought to medlato the circadian and
reproductive actlons of melatonin, while the MTz recep-
tor!'? i3 distributed In the SCN and neural retina and is
thought to medlate the effects of melatonin an circadlan
rhythms and is implicated in the regulation of visual
function. The binding slte of the MTjreceptar has been
recently characterized as the hamster homologue of the
human enzyme quinone reductase 2.'" The physiological
function of the M7y receptor in the brain is not yet
completely clcar; however, in consideration of therapy
for clrcadian rhythm disorders in the elderly, effects on
MT;s receptors might induce unknown side elTects.
Because the MT; receptor was initially suggested to
medjate circadlan functlons in mammals due to the high
level of expression within brain and the MT> receptor
was expressed in retina and to a lesser extent the brain.
we have attempted to develop a MT; agonist, which has
a longer half-life and Is more potent than melatonin but
has no affinlty for the M7y receptor.

Previously, we synthesized a novel series of benzocy-
cloalkene derivatives, with an endo double bond. an exo
double bond (E- and Z-configurations), or a chiral center
(S-and R-configurations'?) at position C-1 to control the
spatial position of the amlde group. which Is one of the
most important pharmacophores. We found compounds
with the S-configuration at C-1 to be the most promlsing
in terms of potency and selectivity for the MT) receptor.
Furthermore, we suggested that the methyl orientatlon
of the 6-methoxy group on the indan nucleus is very
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Figure 1. Progression from indan derivative 2 to tricyclic indan derivatives 3 and 4,

Scheme 1. Synthesis of the Indeno(5.6-6]furan Compounds®
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Fipure 2. Constructlon of tricyclic Indan analogues.

Important for the optimal orientation ol the oxygen lone
pairs with a view to obtaining the best binding at the
receptor level, Thus, in this study, we explored the
possibility of limiting the conformational [lexibility of
the methoxy group. It appeared to us desirable to design
and synthesize conformationally restricted tricyclic
analogues?? as the Indanle¢ biolsostere of melatonin, with
the oxygen atom In the 6-position incorporated into a
furan, 1,3-dloxolanc, oxazole, pyran, morpholine, or 1,4
dioxane heterocyclic ring system,

This approach culminated In the discovery of indeno-
[5.4-blfuran analogues, which are not only metabolically
stable but also very potent and selective for the MT,
receptor, suggestng a superlar In vivo activity and
safety profile. We report In this paper the synthesis and
biological activitles of tricyclic analogues 3 and 4 as
shown in Figure 1.

19

Chemistry

The 2,3-dihydrobenzoluran (5) was chosen as the
starting material for the preparation of several inde-
nofuran derivatlves (12a=c) as shown In Scheme 1, The
formylation ol 5 under Vilsmeler—Haack conditions?!
gave the known aldehyde 6.22 A reaction with malonic
acid followed by a hydrogenation reaction In the pres-
ence of 10% Pd on charcoal as a catalyst gave the
carboxylic acld analogue 8, Friedel—Crafts cyclizatlon??
of 8 was accompanicd by ring closure at C-6 of the
benzefuran nucleus, to provide the linear tricyclic ketone
9 via the acyl chloride Intermediate as shown In Figure
2 (route a), Compound 9 was subjected to a Horner—
Emmons reacton?! using diethyl cyanomethylphospho-
nate to give the Intermediary unsaturated nitrile 10,
which was converted to the amine 11 by hydrogenation
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Scheme 2. Synthesis of the Indeno(5,4-6lfuran Compounds®
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HCL. (g) SOCIz. ) AICIy, CICH:CH:Cl. () Hz Pd/C, AcOH. (j) (Et0);P(0O)CH:CN, Nall, TIF, (k) Iz, Raray-Ni, NHz—EtOH. (I) Acz0 or
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over Raney-nickel. The N-acylated derivativos (12a—c)
were prepared from 11 by treatment with the appropri-
ate acyl chloride in the presence of sodium hydroxide
as base and a biphasic medium according to the Schot-
ten—Baumann procedure.®

We turned our attention to the synthesis of angular
indeno[5.4-b)furan derivatives (22a=c). Becausc the
Friedel—Cralts reaction of 8 led to cyclization (route a)
only at C-6 of the benzofuran nucleus as shown in
Figure 2, we opted to explore another approach for the
preparation of the angular tricyclic ketone 19 ring
system (route b),

To avold ring closure at C-6, we tried to block this
position by introducing a bromine atom prior to cycliza-
ton. As outlined in Scheme 2. the aldehyde 6 was
subjected to a IMorner—Emmons reaction using triethyl
phosphonoacetate, [ollowed by hydrogenation in the
presence of 10% Pd on charcoal to aflord the objective,
ester 14, which was brominated selectively in C-7 by
bromine in acetic acid to give the monobrominated ester
15. The second bromination in C-6 was performed using
1.5 equiv of bromine in the presence of a catalytic
amount of Fe.? The alkaline hydrolysis of 16 provided
the corresponding carboxylic acid 17. As expected, the
Fricdel=Cralts cyclization of 17 occurred at C-4 leading
to the angular tricyclic ketone 18. Debromination of 18
to 19 was readily achieved by hydrogenation in the
presence of 10% Pd on charcoal. Compound 19 was
transformed Into the indeno[5.4-Y)furan derivatives

(22a—c) in three steps involving the reaction of the
ketone 19 with dicthyl cyanomethylphosphonate, hy-
drogenation over Rancy-Ni, and M-acylation.

The 2,2-dimethyl-indeno[5.4-5)furan derivative (31)
was prepared [rom commercially available G-methoxy-
indanone (23) as shown in Scheme 3. Using the same
conditions employed for the preparation of 22a—c¢, the
ketone 23 was converted in three steps into the corre-
sponding indan derivative 26, The bromide 27, obtained
by bromination of 26, was allowed to react with boron
tribromide to afford the alcohol 28, which was converted
to the alkylated derivative 29 by reaction with 3-chloro-
2-methylpropenc. The claisen rearrangement of 29 in
N, Ndicthylaniline afforded 30, Acid-catalyzed cycliza-
ton of 30 with boron trifluoride diethyl ctherate,
followed by hydrogenation of the bromide, gave the
desired product 2,2-dimethyl-indeno(5,4-6)furan (31).

The same strategy was used to prepare 37 bearing a
1.3-dioxolane ring condensed with the benzene ring
(Scheme 4). The ketone 3227 was converted in three
steps into the ¢orresponding indan derivative 35 by the
same procedure employed in the prepararion of 22a—c.
Deprotection of the two methoxy groups of 35 with boron
tribromide gave the diol 36, which was in turn treated
with diiodomethane and sodiumn hydride in hexamethyl
phosphoramide?® to afford indeno[4,5-d}{1.3)dioxole (37).

The 6-methoxyindanone (23) was also used for the
preparation of the Indeno(4,5-dl[1,3]oxazole derivative
(43) as shown in Scheme 5. Nitration of 23 with
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Scheme 3. Synthesls of the Indeno[5,4+6]furan Compounds*
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Scheme 4. Synthesis of the Indene{d,5-¢](1,3]dioxole Compounds®?
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Scheme 5. Synthesls of the Indeno[4.5-4]{1.3]oxazole Compoundsa
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potassium nitrate in concentrated H;SO4 gave the nitro
derivative 38. Compound 38 was subjected to a Horner—
Emmons reactlon to give the unsaturated njtrile 39,
which was converted to the aniline 40 by caralytic
hydrogenation. Hydrogenatlon over Raney-nickel of 40
and acylation with 1-ethyl-3-(3-dimethylaminopropyl)-
carbodiimide hydrochloride (WSC)-mediated coupling of

propionic acld with the primary amine in the presence
of 1-hydroxybenzotriazole monohydrate (HOBt) gave the
indan 41, The indan 41 was converted to the phenol 42
by a rcaction with boron tribromide, which was then
transformed into the indeno[4,5-a][1.3]oxazole deriva-
tive (43) by heating in FICI-MeOl{ with methyl ortho-
formate.
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Scheme 8. Synthesis of the Cyclopenta[fchromene Compounds?
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Scheme 7, Synthesis of the Indeno[5.4-b][1.4]oxazine Compounds?
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The indan 28, obtalned in the preceding experiment,
was treated with propargyl bromide and sodlum hydride
in N.N-dimethylformamldc (DMF) to give the corre-
sponding ether 44 (Scheme 6). Thermal intramolecular
cyclization of the aryl propargyl ether 44 led to 45. and
catalytic reducrion gave the angular cyclopentals-
chromene derivative (46).

The amlne 53 was the key material for the prepara-
tion of indeno(5.4-£)[1.4]oxazIne derivatives (Scheme 7).
Nitration of 6-hydroxy-1-indanone (47) with potasslum
nitrate In concentrated HzSO4 followed by alkylation of
the nitro compound 48 with ethyl bromoacetate gave
the cster 49, which was transformed into the key
intermediate 53 In four straightlorward steps, namely,
reduction of the nitro group. cyclizatlon of the obtained
aminoester, condeénsation by the Horner—Emmons reac-
tion, and reduction of the unsaturated nitrile 52. Alter
reduction of 53 with LiAIH,, 54 was acylated to Indeno-
[5,4-b][1,4]oxazine (55) using the WSC—HOBt proce-
dure. The Macylated derivative 56 was prepared di-
rectly from 53.

Scheme 8. Synthesis of the Indeno[4.5-4][1.4]dioxine
Compounds?

38
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4Reagents: (8) Br(CH2);Br. Cu0, K2CO3, DMF.

The indeno(4,5-5][1,4)dioxine (57) was prepared via
the same diol 36 mentioned abovc by heatlng with
dibromoethane, CuQO, and K;COj; in DMF. As with a
rclated series of benzocycloalkene derivatives, the ab-
solute configuration of the stereocenter had a significant
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Scheme 9. Synthesis of the Indeno(5,4-blfuran Compounds”
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effect on the selectivity toward the MT, receptor. We
therefore locused on the asymmetric synthesis of the
(S)-isomer ol 22b according to the results of our previous
study on indan derivatives, The key step was the
asymmetric reduction of the exo double bond in the
intermediate 59. This reaction procceded nicely under
9.1 MPa of hydrogen at 70 °C using the (5)-2,2"-bis-
(diphenylphosphino)-1,1"-binaphthyl (binap)=Ru com-
plex as a catalyst to glve the enantiomerically pure 60
as we previously reported (Schemne 9).

Having solved the problem ol asymmetric hydrogena-
tlon, we turned our attentlon to the construction of a
furan ring condensed with the indan nucleus, Because
of the low rcactivity at C-7 of the indan ring, our
attempts to introduce substituents using the Fries
rearrangement, the Friedel~Crafts reaction, nitration,

or formylation for the construction of indeno(5,4-bjfuran
scaflolding were all unsuccess{ul. We finally attempted
to introduce an allyl molety into the C-7 position of the
indan ring using a clalsen rearrangement and then
cyclized it to dihydrobenzofuran. To block the more
reactive C-5 position, bromination was performed. Sub-
sequent boron tribromide treatment provided the 6-hy-
droxy indan 62. Alkylation of 62 with allyl bromide gave
63, which was then subjected (o a claisen rearrange-
ment to afford 64. Ozonolysis of the vinyl molety
followed by a reductive workup and deprotection of the
C-5 bromide gave the diol 66. The primary alcohol 66
was converted to mesylate and then cyclized to the
desired (5)-(—)-22b by treatment with EtyN In EtOAc
at rellux.
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Results and Discussion

MT; and MT; Receptor Binding Affinities. The
affinities of the compounds {or melatonin binding sites
were evaluated by binding assays with 2.['2I]iodo-
melatonin radioligand using Chinese hamster ovary
(CHO) cells expressing human melatonin receptor (MT,
slte) and Syrian hamster brain and peripheral organs
(MTs site).

The affinitics of compounds for these receptors are
shown In Table 1. From the structure—alfinity relation-
ships, the positlon of the third ring condensed with the
indan nucleus seems to be critlcal for binding afMinicy.
This is supported by the fact that the angular tricyclic
derivatives 22a—~c showed a binding aMnjty for the MT;
receptor that was ca. 3—4 orders of magnitude higher
than that of the corresponding linear tricyclic derlva-
tives 12a—c¢. These results were conslstent with the
observation that the methyl orientatlon of the 6-mcth-
oXxy group on the indan nucleus was very Important for
the optimal orientation of the oxygen lone pairs as
discussed previously. Regarding the length of the acyl
slde chain, although compounds 22a—c showed high
aflinity for the MT| receptors, there was a tendency for
the affinity to Improve with increasing chain length, the
optimum group being the propionyl (22b). With respect
to the MTy receptor, the Increase of acyl chain length
in the linear tricyclic series led to a decrcase In the
binding aflinity whereas the corresponding angular
tricyclic series gave the opposite results. As a conse-
quence of these experiments, further optimization was
pursucd in the propionyl series. The introduction of
dimethyl groups (31) into the furan ring was detrimen-
tal to the binding affinity for the MT, receptor. We
therefore extensively modified the third ring part with
substituents such as a 1,3-dioxolane (37), oxazole (43),
pyran (46), morphoaline (55 and 56), and 1,4-dioxane (57)
heterocyclle ring. Roplacement of the [uran ring with a
1,3.dloxolanc ring (37) preserved a moderate level of
aflinicy for the MT) receptor, but further modification
as seen with 43, 46 and 55—57 resulted in less affinity
as compared with that of 22b. These results indicated
that the angular unsubstituted dihydro furan ring
condensed with the indan nucleus was the best struc-
ture, For a more rational explanation ol the observed
binding alfinity, we carried out molecular orbital (MO)
calculations of substrates 22b, 37, and 43 to compare
the electron density on the oxygen atom. The calcula-
tions were made by the MNDO—PMy method with
MOPAC version 6.00.2° The net atomic charges of 22b
and 37 were —0,19 and —0.20, respectively, and these
compounds exhibited a similar high binding affinity.
However, the value (—0.11) of 43 is worth noting,
suggesting that the parameter accounts for the weak
potency,

To Investigate the stereochemical requirements, the
two enantiomers, (9)-(~)-22b and (R)-(+)-22b. of com.
pound 22b were prepared and examined for binding
affinlty. As cxpected, significant dillerences were ob-
served and (9)-(—)-22b was more than 500 tmes as
potent as (K)-(+)-22b for the MT] receptor, confirming
the favorable Influence of the S-configuration. Com-
pound (5)-(=)-22b had the most impressive binding
profile for the MT, (K, = 13.8 pM) receptor. (S)-(=)-22b
showed very low affinity for the MTyreceptor with a K

Uchikawa et a

value of 2.6 uM, which was 190 000-(old the value for
the human MT) subtype. These results indicate that (S)-
(-)-22b Is a potent and selective MT; agonist and
warrants further pharmacological study,

Adenosine Cyclic 3',5-Phosphate (cAMP) Pro-
duction in the Rat Pituitary. Thls experlment was
based on the method of Vanecek and Vollrath3® with
minor modificadons. The stimulation of 9 day old rat
pitultary with 1 uM forskolin raised the cAMP content
to 10 times the basal level. Melatonin inhlbited forsko-
lin-stimulated ¢cAMP production in a concentration-
dependent manner, the effect of which was maximal at
1 nM reaching about 50=85% Inhibitlon. (S)-(=)-22b,
like melatonin, inhibited cAMP production, Indicating
an agonistic effect on the melatonin receptor In the
pituitary. although its activity was slightly weaker than
that of melatonin, as shown by the ICsp values In Table
2

Effects of (5)-(—)-22b and Melatonin on Sleep
and Wakefulness in Freely Moving Cats. The sleep-
promoting clfects were studied in freely moving cats.
Administration of melatonin (I mg/kg po) reduced
wakeflulness and increased slow wave sleep (SWS) and
rapld cye movement (REM) sleep (analysis of variance
(ANOVA), both p < 0.01). However, the duration of
sleep-inducing action was not very long and significant
cffects were abserved only for 2 h after the administra-
tlon, although the effect on REM was not significant
(Figure 3). (9-(=)-22b (0.1 mg/kg, po) had potent sleep-
promoting activity, as indicated by the significant
decrease in wakefulness and significant Increases in
SWS and REM slecp (ANOVA, p < 0.05 or p < 0.01),
The effects lasted {or about 6 h afcer the administration
(Figure 4), Thus, the sleep-Inducing action of (8)-(-)-
22b and the duratlon of the effect were much greater
than for melatonin,

Docking Study. To explain the potency of (5)(=)-
22b, we performed a docking experiment using a modecl
of the human melatonin receptor (MT)) constructed from
the crystal structure of bevine rhodopsin.3! Details of
the model are given in the Experimental Section. Figure
5 shows the most reasonable mode of binding of (5)-
(=)-22b in the ligand binding pocket. In this model. the
oxygen atom in the [uran ring forms a hydregen bond
with His195 and the adjacent carbon atom interacts
with Vall92, Both residues are located in transmem-
brane segment V and are suggested to be concerned with
ligand recognition.’ The orientation of the oxygen lone
pairs incorporated into the furan ring would be impor-
tant as can be seen from the data on the binding affinity
of 12b and (S)-(—)-22b. Actually, the orientation of che
oxygen lone pairs of 12b as compared to (9)-(=)-22b
would be unfavorable for a strong hydrogen-bonding
interacdon, though the furan ring of 12b can be accom-
modated around His195 (data not shown). Fixing the
orientation of the methoxy moiety of melatonin by Its
incorporation into a furan ring seems to play a maln
role in reinforcing the Interaction, The propanamlde side
chain is favorably surrounded by Val261 and Pro265,
both In transmembranc segment VI and Is simulta-
neously hydrogen-bonded to Tyr175 and Serl82 in the
second extracellular loop, which is suggested to be
Important for ligand binding,® The interaction with
Pro265, which is not available for melatonin, would



BEEE S 0663006601 o9/ 19

Indan Derivatives as Melatonin Receptor Agonists Journal of Medicinal Chemistry, 2002, Vol. 45, No. 19 4229

Tablo 1. Binding Affinity and Physical Propertles of Tricyclic Analagues

receptar binding (X°, nM)

compound . mt? MI; mp (°C) formula anal.’
melatonin MU ‘5 'nl 0.0823 +0.0021 276+03
122 237 %69 127-128  CHNO, CH,N
]
W .
12b 005 KT assaas 255 101 125-126  CH,NO, CH.N
12¢ C[:CB " 240+ 35 492199 120-121  C,H,NO, CH,N
22a 0.126  0.035 5960 = 1330 7879 c,HNO, CHN
22b 0.0174 & 0,0041 1250 % 191 102-14  CJH,NO, CH,N
nj\’
(S)-(-)-22b 0.0138 = 0,0006 2600 £ 190 113-115 CJHNO, CHN
(R)-(+)-22b 7.31£286 2270 + 656 113115 C,H,NO, C.HN
22c 00214 # 0,0050 1070 % 271 55.57 C,H,NO, CHN
3 0.422 £ 0.070 4790 % 1860 69-72 C,H,NO, CHN

2—:;

- 1
37 ‘\é:g\ . 0.0241 =+ 0.0059 5830+ 1740 102-104 CHNO, CHN
o
P~
43 3.29+0.63 52.8+18.0 81.84  CHNO, CHN
46 0242 %0.035 6220 = 1920 85-88 C,H,NO, CHN
55 153£5.10 > 10000 80-83  CH NO, CHN
56 326+ 35 2560 + 854 216219  CHNO, CHN
57 0.423 + 0.088 5390 % 165 120122 CJH,NO, CHN

4 K values for binding are the means of three experiments. ” Values for binding affinity in CHO cells expressing human melatonin
(MTh) receptor. Values for binding affinity in syrian hamster brain and peripherai argans. ? Analytleal results are within £:0,4% of the
thearetical value,



4230 Journal of Medicinal Chemistry, 2002, Vol. 45, No. 19

Table 2. Effccts of (S)-(—)-22b on ¢AMP Production in the
Neonatal Rat Pltuitary”

1Csp (pM) XK (pM)
compd cAMP productlon  human (MT;)  ¢cAMP/human
(9)-(~)-22b 20.8 13.8 1.51
melatonin 79.8 82,3 0.97

1 1Csq values for cAMP productdon were caleulated from the
mean data of two experiments each done in triplicate. /¢ values
for binding arc the means of three experiments.

relnforce the binding of ($)-(=)-22b in this moiety. The
receptor has many hydrophobic residues at the bottom’
of the pocket. The hydrophobic interaction at this site
caused by replacing the Indole nitrogen atom in mela-
tonin with a methylene unit would contribute to the
high affinity of (5)-(=)-22b,

Conclusion

We synthesized a variety of tricyclic iIndan analogucs
to maximize affinity for the MT, receptor in consider-
ation of the interaction between two valuable pharma-
cophores and MT) receptors based on the results of our
previous study. The angular indeno(5,4-5)furan struc-
ture serves as an effective, conformationally restricted
blolsostere of melatonin, and the orientation controlled
by the furan ring and the propanamide side chaln

Uchikawa et al.

exemplified by (S)+(=)-22b most likely represents the
active conformation during melatonin recepror actlva-
tion.

(S)-(=)-22b showed remarkably high affinity for the
human MT) receptor with a X value of 13.8 pM,
whereas it showed very low allinity for the hamster MTy
receptor with a /& value of just 2.6 M. The affinities
for MT; and MTs receptors were 6-fold higher and 94-
fold lower than those of melatonin. respectively. (S)-
(=)-22b inhiblted [orskolin-stimulated cAMP production
In the neonatal rat pituitary with an ICsp of 20.8 pM,
indicating that this compound is a MT; agonist. The
pharmacological effects of (S)-(—)-22b were studied in
experimental animals. (9-(~)-22b (0.1 mg/kg, po) showed
a sleep-promoting action in [reely moving cats, as
demonstrated by a decrease in wakefulness and In-
creases in SWS and REM sleep, which lasted for 6 h
alter the administration. These results indicate that (S)-
(=)-22b is a potent and highly selective agonist for the
MT| melatonlin receptor, which is expected to be a useful
therapeutlc for sleep and/or circadian rhythm disorders,
and a valuable tool in pharmacological investigations
of the structure—activity relationships of melatonergic
agents. (S)-(=)-22b also showed high alinity for the MT;
receptor with a [/ value of 0.045 & 0.018 nM, which
was 4-fold higher than melatonin (/G = 0.195 + 0.051

Wakefulness SWS REM
100 80 40
Control
. Control

o 80 60 - Melatonin X 30 Melatonin
S 60
@ 40 20
g 40 Control —j' E]

20 Melatonin 20 10

o 2 4 6 8 Yo 4 6 8 0 2 ¢ 6 8

Time anter adminbtration (hr)

Time after administeation (br)

Time afer admisiszrarlon (hr)

Figure 3. Effects of melatonin on sleep and wakefulness in freely moving cats, The experiment was based on the crossover
design. Elght cats were treated with melatonin (1 mg/kg. po) or vehicle. Each value shows the mean percentage at cach stage
during each block of 2 h, *“p < 0,01, main group cffect by ANOVA; *z < 0,01, as compared with the vehicle control (paired t-tese
with Holm s correction).

Wakefulness SWS REM

100 90 i cgnmlj' 40

80 W (8)+(-)-22b
i? - 60 3 30 - Control—
T 60 T =§

& 20
' Conlrol—u_
20  (S9()-22b 20 10

0 2 4 [ B 0 2 4 6 8 0 2 4 [ B
Time afor admintairation (hr) Time sfer adminiverston (hr) Time allet ddministralion (hr)

Figure 4. Effects of (S)(=)-22b on sleep and wakefulness in freely moving cats. The experiment was based on the crossover
design, Elght cats were treated with (5)-(—)-22b (0.1 mg/kg, po) or vehlcle. Each value shows the muvan percentage at each stage
during each block of 2 h. *p < 0,05 and **p < 0.01, maln group effect by ANOVA; *'p < 0.01, as compared with the vehicle control
(palred t-test with Holm's correction).
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Figure §. Schematic model for the binding of (5)-(=)-22b with
the MT, receptor.

nM). This affinity for the MT?z receptor may be related
to the pharmacalogical eflect of (S)-(—)-22b, Further-
more, we have developed a practical method for the
stereospeclflc synthesls of optleally active (9)-(=)-22b
by transforming the Indan ring into the angular tricyclic
ring vla catalytle asymmetric hydrogenation with the
{S)-binap—~Ru complex. (S)-(—)-22b Is 2 promising drug
candidate for the treatment of primary Insomnia and
circadian rhythm disorders and Is now under clinical
evaluation.

Experimental Section

A, Chomistry. Melting polnts were determlned on a
Yanagimoto micromelting polnt apparatus and are uncor-
rected. Optical rotations were determined with a JASCO DIP-
370 digltal polarlmeter. Proton nuclear magnetlc resonance
(*H NMR) spectra were recorded on a Varian Gemlnl-200
spectrometer In the solvent indlcated. Chemlcal shifts are
given In parts per million (ppm) with tetramethyisllane as an
Internal standard. Abbreviatlons are used as follows: 8 =
singlet, d = doublet, t = triplet, @ = quartet, m = multiplet,
br = broad. Coupling constants (/ values) are given In hertz
(Hz). Thin-layer chromatography (TLC) was performed on
sillea gel 60Fzs (Merck). and column chromatography was
carried out on a silica gel column (ICieselgel 60, 0.063—0.200
mm. Merck). Evaporation was carried out In vacuo on a rotary
evaporator. (E)-2-(6-Methoxy-2,3-dlhydro-1/4-Inden-1-ylldene)-
acetonitrile  (24), G-methoxy-2,3-dlhydre-1H-Inden-1-cth-
anamine (25), N-[2-(G-methoxy-2,3-dIhydro-1/4¢Inden-1-yl)ethyl)-
proptonamide (26), 2-(6-methoxy-2,3-dlhydro-1A-Inden-1-yll-
deng)ethylamine (58), N-[2-(6-methoxy-2,3-dIhydro-1 H-Inden-
1-y}ldene)ethyl]lproplonamlde (58), and (S)-N-[2-(6-methoxy-
2,3-dlhydro-1 H-inden-1-yl)ethyl]proplonamide (60) were syn-
theslzed accordIng to a process as described in the previous
paper.

2,3-Dihydro-1-benzofuran-5-earbaldehyde (8).22 Method
A. Phosphorus oxychloride (31,0 mL. 0.333 mol) was slowly
added to a solutlon of DMF (28.4 mL, 0.366 mol) whlile the
temperature was maintained below 50 °C, Then, 2,3-dlhy-
drobenzofuran (8) (20.0 g, 0.166 mol) was added dropwlse to
this reactien mixture at below 50 °C, over a perlod of 10 min.
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The resulting mixture was warmed and stirred at 80—85 °C
for 12 h. The reaction mixture was then poured into Ice-water
and carefully quenched with a solution of sodium hydroxlide.
The organic material was separated, and the aqueous layer
was extracted with cthyl acctate. It was washed with brine
and dricd over anhydrous magnesium sulfate. The filtrate was
concentrated, and the residue was purified by column chro-
matography with hexane/ethyl acetate (8:2) as eluent followed
by distil)ation to yleld 2.2 g (8G%) of G; bp 93—-96 °C/0,2~0.3
mm Hg. '"H NMR (CDCly): ¢ 3.28 (t, 2H, J=8.8), 1.70 (t, 2H.
J=18,8),6.88 (d, 1H, J=8.4), 7.67 (dd, 1H, /= 1.0, B.4), 7.75
(d, IH, J = 1.0}, 9.83 (s, IH). Anal. (CyH,O) C. H.

Mcthod B. Titanium(IV) chloride (28 mL) was added to an
Ice-cooled solutlon of 5 (10.0 g, 83.2 mmol) and dichloromethyl

. methyl ether (11.3 mL, 0,125 mmol) in dichloromethanc (100

mL). After 1 h, the ice-bath was removed and the dark mixture
was quenched by the addition of lee-water, The aqueous layer
was discarded. and the organic phase was washed with water
and brine and then dried over anhydrous magnesium sulfate.
The filtrate was concentrated, and the residue was purified
by column chromatography with hexane/ethyl acetate (1:1) as
cluent to yield 11.4 g (92%) of G as an oll.
3-(2,3-Dihydro-1-benzofuran-§-yl)-2-propenoic Acid (7).
A mixture of 6 (4.99 g, 33.7 mmol) and malonic acid (5.27 g,
50.8 mmol) In pyridine (30 mbL) containing plperidine (0.192
g.2.25 mmol) was heated at 100 °C for 4 h. The cooled reaction
mixture was concentrated, and the resldue was poured Into
water, It was acldifled with 6 N HCI and extracted with
methanol/chloroform (1:9). The extract was washed with brine
and drled over anhydrous magnesium sulfate. The [lltrate was
concentrated, and the resldue was purllled by column chro-
matography with methanol/chloroform (5:95) as cluent to yleld
3.98 g (62%) of 7: mp 173=176 °C (from cthyl acetate). '"H NMR
(CDCly): ¢ 3.24 (v. 2H, J=8.8), 4.64 (t, 2H, J — 8.8), 6.28 (d,
1H, J=15.9), 6.55 (d, 1H. /= 8.2), 7.34 (d, 1H, ./=8.2), 7.44
(s, 1H), 7.74 (d, 1H, J = 15.9), hidden (1H). Anal. (C.iH003)
3:(2.3-Dihydro-1-benzofuran-5-yl)propaneic Acid (8).
A solutlon of 7 (3.75 g, 19.7 mmol) in acetie acid (50 mL) was
subjected to hydrogenation in the presence of 10% palladium
on carbon (0.5 g. containing 50% water) In a hydrogen
atmosphere at room temperature for 1 h. After ebsorption of
the theoretical volume of hydrogen, the catalyst was removed
by flltration. The filtrate was concentrated and washed with
hexane to yicld 3.41 g (30%) of 8. The analytical sample was
obtained by recrystallization from a mixture of ethyl acetate
and hexane; mp 95—88 °C (from ethyl acetate/hexane), 'H
NMR (CDCly): & 2.63 (t, 2H, J=1.5), 2.89 (t. 2H, J=1.5),
3.18 (¢, 2H, J =8.8), 4.55 (t. 2H, J=8.8). .70 (@, JH. J =
8.1), 6.94 (d, 1H, /= 8.1), 7.04 (s. 1H). hidden (1H)., Anal.
(CiHr0y) C, H.
2,3.5,6-Tetrahydro-7 Hindeno(5,6-)furan-7-one (9). Com-
pound B (5.84 g, 30.4 mmol) was added to thlonyl chloride (6.64
mL, 19.9 mol) followed by stirring at 75 °C for 410 min. After
excess reagent was removed, the residuc was dissolved in 1,2-
dichlorocthane (10 ml). One-third of the solution of acid
chloride in 1,2-dichlorocthane was added to an lce-cooled
suspension of anhydreus aluminum chleride (1.49 g, 11.2
mmol) in 1,2-dichloroathane (150 mL). After the mixture was
stirred for 15 min, anhydrous aluminum chloride (2.97 g, 22.3
mmol) and the rest of the solutlon of acld chiorlde were added,
followed by stirring at room temperature {urther for 15 min,
The reacton mixture was poured into lce-water and extracted
with ethyl acetate, The organlc layer was washed with 1 N
HCI, 1 N NaOH, and brine and drled over anhydrous magne-
slum sulfate. The filtrate was concentrated, and the residue
was purified by column chromatography with hexane/ethyl
acetate (7:3) as cluent and reerystallized from a mlxture of
ethyl acetate and isopropyl cther to yleld 4.09 g (77%) of 9;
mp 110—111 °C (from othyl acetate/Isopropy! ether). 'H NMR
(CDCly): ¢ 2.68—2.74 (m, 2H), 2.99-3.07 (m, 2H), 3.27 (t, 2H,
J=28.0), 4.64 (t, 2H. J = 8.6), 7.07 (s, 1H), 7.27 (s, 1H).
2.(2,3,5,6-Tetrahydro-7H-Indeno(5,6-b)furan-7-ylidenc)-
acctonltrile (10). A 60% suspenslon of sodlum hydride In
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mineral oil (0,744 g, 18.56 mmel) was added to a solutlon of
diethyl eyanomethylphosphonate (3,30 g, 18,6 mmol) In tet-
rahydrafuran (40 mL). The mixture was stlrred at room
temperature for 30 min and was added dropwise st room
temperature to a stirred mixture of 9 (2.95 g, 16,9 mmol) in
tetrahydrofuran (20 mL). After the additlon was complete, the
reaction mixture was stirred at room temperature a further 2
h. Water was added, and the mixture was extracted with ethyl
acetate. The oxtract was washed with brine and drled over
anhydrous magnesium sulfate, The flltrate was concentrated,
and the residue was purlfled by column chromatography with
hexane/ethyl acetate (1:1) as eluent and recrystallized from a
mixture of ethyl acetate and hexane to yield 2,20 g (66%) of
10; mp 141=142 °C (from ethyl acetatc/hexanc). 'H NMR
(CDCly): 6 2,97—3.04 (m, 2H). 3.06—3.17 (m, 2H). 3.22 (t, 2H,
J=4.6),4.81 (r, 2H, J - 8.6), 5.50=5.52 (m, 1H), 6.84 (s, 1H),
7.16 (s, 1H).

2-(3.5,6,7-Tetrahydro-2 H-indeno[5,6-blfuran-7-yl) cthyl-
amline (11). A solutian of 10 (2.15 g. 10.9 mmo)) in ethanol
(50 mL) saturated with NHy gas was subjected to hydrogena-
tlon in the presence of Raney-nickel (2.0 g washed with ethanol
two times befare use) in a hydrogen atmosphere (480 kPa) at
40 °C far 5 h. After hydrogen absorptlon ceased, the catalyst
was removed by fltratian. The filtrate wes concentrated to
yield 2.10 g (95%) of 11 as an oil, which was used directly In
the next step. "H NMR (CDCls): 4 1.39 (br s, 2H), 1.47—-1,77
(m, 2H), 1.86—2.03 (m, 1H), 2.20—2.38 (m, 1H), 2.65=2.94 (m,
4H), 3.02—3.18 (m, 1H), 3.15 (v, 2H, J=8.6), 4.55 (t, 2H, J =
8.6). 6.63 (s. 1H), 7.02 (s, 1H).

N-[2-(3,5,6,7-Tetrahydro-2H-.indeno(5.6-b) furan-7-yl)-
ethyllacetamlde (12a). Acetlc anhydride (0.168 mL. 1.78
mmol) was added all at once to a vigorously stirred solution
of 11 (0,301 g, 1.48 mmol) and aqueous 1 N NaOH (2.5 mL) in
tetrahydrofuren (3 mL) at room temperature. The mixture was
stirred for 30 min at room temperature, and ethyl acctate and
water were added. The organic layer was washed with brinc
and dried over anhydrous magnesium sulfate. The filtrate was
concentrated to glve a solid, which was recrystallized from a
mixture of ethyl acetate and hexane to yleld 0.280 g (77%) of
12a: mp 127=128 °C (from cthyl acctatwhexane). ‘H NMR
(CDCla): ¢ 1.48=1.80 (m, 2H). 1.94~2.10 (m. 1H), 1.97 (s, 34),
2.23=2.41 (m, 1H), 2.66—2.92 (m. 2H), 3.00—3.19 (m, 3H),
3.31=3.42 (m, 2H), 4.55 (¢, 2H. J = 8.6), 5.52 (br 5, 1H), 6.6
{s. 1H). 7.02 (s, 1H). Anal. (C:sHaNO2) C, H, N.

N-(2-(3,5,6.7-Tetrahydro-2H-indeno($5,6-5]furan-7.yl)-
cthyl]propionamide (12b), Compound 12b was prepared In
71% yield [rom propionyl chioride and 11 by a method simllar
to that described for 12a; mp 125—126 °C (from ethyl acetate/
hexane), 'H NMR (CDCly): 8 1.15 (t, 3H, ./ = 7.6), 1.49-1.80
(m, 2H), 1,93-2.09 (m, 1H), 2.15=2.41 (n, 3H), 2.65-2.92 (m,
2H), 3.00—3.19 (m, 3H), 3.33—3.43 (m, 2H). 4.55 (t. 2H, J =
8.6), 5.4G (br s, 1H), 6.61 (s, 1H), 7.02 (s, {H). Anal, (CiqHz-
NOz) C, H, N.

N-[2-(3,5,6,7-Tetrahydro-2H-indeno[5.6-b] furan-7-yl)-
cthyllbutanamlde (12c). Compound 12¢ was prepared in
72% yleld from butyryl chloride and 11 by s method similar
to that deseribed for 12a; mp 120—121 °C (from ethyl acetate/
hexane), '"HNMR (CDCly): 6 0.94 (t, 3H, J=17.2), 1.49—1.81
{m, 4H). 1.94-2.18 (m, 3H), 2,23—2.40 (m, 1H), 2.66=2.92 (m,
2H), 2.99~-3.19 (m, 3H), 3.12—3.43 (m, ZH), 4.55 (r, 2H. J =
8.6). 5.45 (br 5, 1H), 8.61 (5, 1H), 7.02 (s, 1H). Anal. (Cy7Hz-
NOy C.H, N.

Ethy! (EB)-3-(2.3-Dlhydro-1-benzofuran-5-yl)-2-prope-
noate (13). A 60% suspension of sodium hydride in mineral
oil (3.39 g. 84.6 mmol) was added ta a solution of triethyl
phosphenoacetate (19.0 g. 84.6 mmol) in tetrahydrofuran (150
mL). The mixture was stirred at room temperature for 20 min
and was added dropwise et room temperature to a stirred
mixture of 6 (11.4 g. 76.9 mmol) in tetrahydrofuran (15 mL).
After the additlon was complete, the reactlon mixture was
stirred at room temperature a further 1 h, Water was added,
and the organlic layer was separated. The aquuous layer was
extracted with ethyl acetate. The oxtract was washed with
brine and drled over anhydrous magnesium sulfate. The
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flitrate was concentrated, and the residue was purified by
column chromatography with hexand/ethyl acetate (from 95:5
to 9:1) as cluent to yield 14.7 g (88%) of 13 as an all. ' NMR
(CDClLy): 61.33 (t, 3H, J=7.2). 3.23 (t, 2H, J=8.8), 4.25 (q.
2H, J~17.2),4,63 (t, 2H, /= 8.8). 6.28 (d, |H, /= 16.0), .79
(d, 1H, J=84), 7.31 (d. IH. J— 8.4). 7.41 (s, 1H). 7.64 (d,
1H, /= 16.0).

Ethyl 3-(2,3-Dihydro-1-benzofuran-5-yl)propanoate (14).
A solutlon of 13 (14.7 g. 66.7 mmol) in ethanol (150 mL) wes
subjected to hydrogenation In the presence of 10% palladlum
on carbon (1 g. containing 50% water) in e hydrogen ammo-
spherc at room temperature for 2 h, After tha theoretical
volume of hydrogen was absorbed. the catalyst was removed
by filtration. The filtrate was concentrated to yield 14,8 g (99%)
of 14 as an oll, which was used directly in the next step. '"H
NMR (CDCly): 8 1.24 (t, 3H, J=17.2),2.57 (¢, 2H. /= 17.B),
2.88 (t, 211, J=17.8), 3.18 (¢, 2H, /=8.6), 4.13 (g, 2H. J =
7.2).4.55(t,2H, J=8.0),6.70 (d, 1H, /=8.2), 6.94 (d, 1H. J
= 8.2), 7.05 (s, 1H).

Ethyl 3-(7-Bromo-2,3-dihydro-1-benzofuran-5-yl)pro-
panoate (15). A solution of 14 (14.5 g, 65.8 mmol) and sodlum
acctate (5.94 g. 72.4 mmol) in acetlc acld (150 mL) wes stirred
at room temperature, 8nd bromine (10.5 g, G5.8 mmol) was
added dropwise gver a period of 15 min. After 1 h at room
temperature, the mixture was cvaporated under reduced
pressure. The resldual ofl was taken up In ethyl acetate and
washed successlvely with aqueous 5% NaHSO,, saturated
NaHCOQ,, and H;O before It was drled over anhydrous mag-
neslum sulfate. The filtrate was concentrated to yield 19.2 ¢
(07%) of 15 as an oll, which was used directy in the next step.
"I NMR (CDCly): 61.25 (v, 3H, J~ 7.2), 2.57 (t, 2H, /= 7.6).
2,85 (t, 2H, J= 1.6}, 3.28 (v, 2H, /=8.8), 4.13 (q, 2H, J =
7.2}, 4.65 (t, 2H. J=8.8). 6,97 (s. IH). 7.11 (s. 1H).

Ethy! 3-(6,7-Dlbromo-2,3-dlhydro-1-benzofuran.5.yl)-
propanoate (16).2 A suspenslon of 15 (1.00 g. 3.34 mmol)
and Iron (10 mg) In acetlc acld (10 mL) was stirred at room
temperature, and bromlne (0.801 g, 5.01 mmol) was added
dropwlise over a pertod of 15 min. After the mixture was stirred
for 5 h st 50 °C, iron was removed by flltration and concen-
trated under reduced pressure, The resldual ol was taken up
in ethyl acctate, washed successively with aqueous 5% NaH-
SOy, saturated NaHCO;, and HzO. and drled over anhydrous
magneslum sulfate. The fllirate was concentrated, and the
resldue was purifled by column chromarography with cthyl
acetate/hexane (1:3) as cluent to yleld 670 mg (53%) of 16; mp
42=-43 °C (from ethyl acerate/hexane), 'H NMR (CDCly): & 1.25
(t, 3H, J=17.3). 2.60 (t. 2H, J=7.7), 3.07 (t. 211, J=7.7),
3.27 (t. 2H, J=8.8), 4.14 (g. 2H. J=7.3), 468 (¢. 2H, J =
8.8), 7,06 (s, 1H).

3+(6.7-DIbromo-2,3-dihydro-1-benzofuran-5-yl)propano-
Ic Acid (17). Aqueous KOH (0.138 g. 2.46 mmol) was added
slowly to an lce-cooled solution of 18 (0.620 g, 1.64 mmol) in
EtOH (10 mL). The solution was heated at 90 °C for 1 h. The
mixture was poured Into 5 N HC) and extracted with cthyl
acetate, The extract was washed with brine and dried over
anhydrous magnesium sulfate, The flltrate was concentrated
to give a solid, which was recrystallized from a mixture of ethyl
acetate and hexane to yield 0.53 g (93%) of 17; mp 117—118
*C (from ethyl acetate/hexanc). '"H NMR (CDCla): 6 2.67 (t.
2H, J=1.5), 3.08 (v, 2H, J=17.5), 3.27 (t. ZH. J = 8.8). 4.68
(t, 2H, J= 8.8), 7.07 (s, 1H), hidden (1H).

4,5-Dibromo-1,2,6,7-tctrahydro-84-Indeno (5 4-b)furan-
8-one (18). Compound 18 was prepared in 88% yield [rom 17
by a method similar to that deseribed for 9: mp 224—226 °C
(from chloroform/isopropy! cther). 'H NMR (CDCly): & 2,72 (¢,
2H, J=15.9), 3.05 (t, 2H, J = 5.9), 3.55 (t, 2H. J = 9.0). 4.79
(t. 2H, J = 9.0}

1,2,6,7-Tetrahydro-8 H-indeno[5,4-0] furan-8-one (19). A
solution of 18 (0.349 g, 1.05 mmol) in AcOH (150 mL) was
subjected to hydrogenation in the presence of 10% palladium
on carbon (0.45 g, containing 50% water) In a hydrogen
atmosphere at room temperature for 1 h, After the theoretlcal
volume of hydrogen was absorbed, the catalyst was removed
by filtratlon. The flltrate was concentrated, and the resldue
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was dissalved In ethyl acetate. This solution was washed with
water and saturated aqueous NaHCOy and dried over anhy-
drous magnesium sulfate, The flitrate was concentrated, and
the residue was purified by column chromatography to yleld
0.163 g (89%) of 19; mp 133—134 °C (from ethyl acetare/
hexane). 'H NMR (CDCly): ¢ 2.68 (¢, 2H, J=15.9), 3.08 (t, 2H,
J=1519). 347 (t, 2H, J= 8.8), 4.85 (t, 2H, /= 8.8), 7.01 (d,
1N, J= 8-1). 7.21 (d, IH, J= 8.1). Anal. (c“HmOz) C, H.
2-(1,2,6.7-Tetrahydro-8 H-indeno[5,4-b)furan-8-ylidene-
)acetenitrile (20). Compound 20 was prepared in 60% yleld
fromn 18 by a method similar to that described for 10; mp 149—
151 *C (from methanol), 'H NMR (CDCly): ¢ 3,00-3.20 (m,
4H), 3.31 (t, 2H, J = 8.8), 4.67 (t, 2H, J = 8.8), 5.45 (¢, I1H, ./
=2.4),6.86 (d. 1M, J=8.1), 7.11 (d, 1M, J=8.1). Anal. (C;H\,-
NO) C. H, N.
2-(1,6,7,8:Tetrahydro-2Handeno(5,4-b]furan-8-yl) ethyl-
amine (21). Compound 21 was prepared in 81% yleld from
20 by a method similar to that described for 11 as an oil, 'H
NMR (CDCl3): d 1.42—-2.35 (m, 4H), 2.64—2.98 (m, 4H), 3.01—
3,38 (m, 3H), 4.41-4.70 (m, 2H), 6.61 (d, 1H, J=8.1), .95 (d,
1H, J — 8.1), hidden (2H).
N:[2-(1.6,7,8-Tetrahydro-2H-indeno[5,4-b]furan-8-yl)-
ethyl]acetamide (22a). Acetic anhydrlde (0.050 mL, 0.528
mmol) was added all at once to a vigorously stirred solution
of 21 (71,6 mg, 0.352 mmal) and aqueous 1 N NaOH (1.5 mL)
In tetrahydrofuran (1.5 mL) at room temperature, Alter the
mixture was stirred for 30 min at room temperatura, ethyl
acetate and water were added. The arganic layer was washed
with brine and drled over anhydrous magnesium sulfate. The
flltrate was concentrated to glve a solid, which was recrysral-
lized from a mixture of ethyl acotate and hexane to yleld 57.0
mg (66%) of 22a: mp 78—79 °C (from ethyl acetate/hexane).
'H NMR (CDCla): ¢ 1.53—2,12 (m, 3H), 1.96 (s, 3H), 2.20—
2.38 (m. 1H), 2.70=2.96 (m. 2H), 3.02—3.40 (m, 5I), 4.45—
4,68 (m, 2H), 5.46 (brs. 1H). 6.62 (d, 1H, J=8.0).6.96 (d. 1H,
J = 8.0), Anal. (C\sH;NO;) C. H, N.
N:[2:(1,6.7,8-Tetrahydro-2 H-Indeno [5.4-b]furan-8.yl)-
ethyllproplonamlde (22b). Compound 22b was prepared in
78% yleld from proplonyl chloride and 21 by a method similar
to that described for 22a: mp 102~104 °C ([rom isopropyl
ether/hexane). 'H NMR (CDCly: & 1.14 (v. 3H, J - 7.6), 1.55~
2.38 (m, 4H). 2.18 (q. 2H. J = 7.6), 2.69—2.99 (m, 2H), 3.02—
3.40 (m, 5H), 4.42=4.63 (m, 2H), 5.61 (br s, 1), 6.62 (d. 1H,
J=17.8), 6,95 (d, 1H, J= 7.B), Anal. (Ci¢HzNOz) C, H, N.
N-[2-(1,6,7,8-Tetrahydro-2H-indeno[5,4-b] furan-8-yl)-
cthyl]butanamide (22c). Compound 22c was prepared In
87% yield from butyryl chlorlde and 21 by a method similar
to that described for 22a; mp 55=57 °C (from ethyl acetate).
‘H NMR (CDCI3): 6 0.94 (t, 3H. /=7,3), 1.51=1.90 (m. 4H),
1.92=2.08 (m, 1H), 2.12 (¢, 2H, J = 7.3), 2.17=2.38 (m. 1H),
2.68=2,98 (m, 2H). 3.00=3.40 (m, 5H), 4.41~4.68 (m, 2H), 5.43
(br s, 1H). 6.62 (d. 1H, J = 8.0), 6.96 (d, 1H, J — 8.0). Anal.
(CiyHzaNOz) C. H. N,
N-[2-(5-Bromo-6-methoxy-2,3-dlhydro-1 4-Inden-1-yl)-
cthyllpropionamide (27). Compound 27 was prepared in
80% yleld from bromine and /V-[2-(6-methoxy-2.3-dihydro-1 A
Inden-1-yl)ethyllproplonamide (26) by a method similar to that
described for 15; mp 105=107 °C (from cthyl acetate). 'H NMR
(CDCly): ¢ 1.16 (t, 3H, J — 7.6), 1.49—1.82 (m. 2), 1.98~-
2.41 (m, 2H). 2.21 (q. 2H, J = 7.6). 2,71—2.90 (m, 2H), 3.00—
3.20 (m, 1H), 3.39 (q. 2I1, J = 7.1), 3.88 (s, 3H), 5.50 (br s,
1H), 6.78 (s, 1H), 7.37 (s, 1H), Anal. (CysHzBrNO;) C, H. N.
N-[2-(5-Bromo-6-hydroxy-2,3-dihydro-1A:inden-1-yl)-
cthyllproplonamlde (28). A solution of 27 (26.0 g. 79.7
mmol) In dlchloromethane (400 mL) was cooled to —20 *C in
a solid CO;~CCl, bath, and BBry (40.1 g, 0.160 mol) was then
added slowly by syringe. The reactlon was allowed to proceed
for 1 h as the cooling beth gredually warmed to room
temperature. The reaction mixture was poured Into Ice-water
and extracted with ethyl acetate. The organic layer was
washed with water and drled over anhydrous magneslum
sulfate. The flltrate was concentrated. and the residue was
purifled by column chromatography with cthyl acctate as
eluent to yleld 21.4 g (86%) of 28; mp 149=151 °C ([rom cthyl
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acetate). '"H NMR (CDCl;): ¢ 1.16 (t, 3H, J=17.5), 1.50~1.80
(m, 2H). 1.90=2.12 (m, 1H), 2.20=2.40 (m, 1H), 2.24 (q, 2H., J
= 7.5). 2.65=2.95 (m, 2H), 3.00-3.18 (m, 1H), 3.38 (q. 2H. J
=17.1), 5.82 (brs, 1H), 6.86 (s, IH), 7.27 (s, 1H), hidden (IH).
Anal. (CuHmBI'NOz) C. H. N. Br.

N-(2-(5-Bromo-6-(isopraopenyloxy)-2.3-dihydre-1H-in-
den-1-yl)ethyl]propionamide (29). A 60% suspension of
sodlum hydride in mineral oil (0.648 g, 16.2 mmol) was added
slowly to an ice-cooled solution of 28 (4.21 g, 13.5 mmol) In
DMF (50 mL). After 30 min, by which time gas evolution had
ceased, 3-chloro-2-methylpropane (3.67 g, 40.5 mmol) was
added cautiously, and stirring was contlnued at 0 °C for 90
min. The mixture was made slightly acldlc by the careful
addition of a few drops of dilute HCI and then partitioned
between ethyl acetate and HzO. The organic layer was washed
with water and drled over anhydrous magneslum sulfate, The
filtrate was concentrated, and the residue was purifled by
column chromatography with hexane/ethyl acetare (1:2) as
eluent to yleld 4,15 g (84%) of 29; mp 105=108 °C (from ethyl
acetate/hexane), 'H NMR (CDCly): ¢ 1,16 (t. 3H, J=7.6), 1.86
(3, 3H). 1.9=2.4 (m, 5H), 2,80 (m, 2H), 3.08 (m, 1H), 3.38 (q.
2H, J=7.6). 4.47 (s, 2H). 5.00 (s. 1H), 5.17 (s, 1H). 5.40 (br 5,
1H), 6.76 (s. 1H), 7.37 (s, 1H). Anal. (C:sHzBrNOy) C. H. N.
Br.

N-.(2-(5-Bromo-6-hydroxy-7-(2-methyl-2-propenyl)-2,3-
dihydro-1H-inden-1-yl)ethyl]propionamide (30). A sus-
pension of 29 (4.29 g, 11.7 mmol) in N.Ntdiethylaniline {30
mL) was heated at 200—205 °C for 2.5 h under an atmesphere
ol argon, The oxcass N.V.dicthylaniline was removed in vacuo.
The residual oll was taken up in ethy! mcetate, washed
successively with a brine solution and H;O, and then drled
over anhydrous magnesium sulfate. The flltrate was concen-
trated, and the residue was purifled by column chiromatogra-
phy with hexane/cthyl acetate (2:1) as eluent to yield 3.90 g
(91%) of 30: mp 89—91 °C {from ethyl acetate/hexane), 'H NMR
(CDCly): 6 1.14 (t. 3H, J=7.68), 1,40—1.80 (m, 2H), 1.80 (5,
3H). 1.90—2.10 (m, 2H), 2.17 (q, 2H, J = 7.6), 2.60—3.50 (m.
TH), 4.49 (5, 1H), 4.79 (s, 1H), 5.32 (br s, 1H), 5.47 (5. 1H),
7.21 (s, 1H). Anal, (C(yHzBrNOz} C, H, N, Br.

N-[2-(2,2-DImethyl-1,6.7.8-tetrahydro-2 H-indeno(5.4-5)-
furan-8-yl)ethvl]propionamide (31). Boron trifluorlde di-
ethyl etherate (4.12 mL, 32,5 mmol) was added slowly to an
ice-cooled solutlon of 30 (2.38 g, .50 mmol) In dichloromethane
(40 mlL). and stirring was continued at 0 °C for 3 h, The
reaction mlxture was poured Into Iceswater and extracted with
cethyl acetate. The organlc layer was washed with water and
saturated aqueous NaHCO; and dried over anhydrous mag-
neslum sulfate, The flltratc was concentrated to give a solid,
which was recrystallized from a mixture of ethyl acotate and
isopropyl cther to yield 2.12 g (89%) of N-{2-(4-bromo-2,2-
dimethyl-1,6,7.8-tetrahydro-2/4-indeno[5.4- 5] furan-8-yl)ethyl]-
proplonamide; mp 98—101 °C (from ethyl acetate/isopropy)
ather), 'FINMR (CDCly); 6 1.15 (t, 3H, J= 7.5), 1.48 (5. 3H),
1.54 (s, 3H), 1.76—2.02 (m, 2H), 2.19 (. 2H, J — 7.5). 2.25—
2.38 (m, 1H), 2.62—3.16 (m, 6F). 3.32 (q. 2H, J=5.3), 5.41
(brs, 1H).7.11 (s, 1H). Anal. Celcd for C(yH2BrNO,: C, 59.02;
H., 6.60: N, 3.82; Br, 21.81, Found: C, 58.94; H, 6.48; N, 3.98;
Br, 21.97.

A solution of the propionamide (1.06 g, 2.90 mmol) and Et,N
{0,808 mL, 5.80 mmol) in cthanol (15 mL) was subjected to
hydrogenation in the prosence of 10% palladium on carbon
(0.11 g. containing 50% water) in a hydrogen atmosphere at
room temperature for 1 hand 50 *C for 30 min, After hydrogen
absorption had ccased, the catalyst was removad by fltration.
The filtrate was concentrated and recrystallized from a
mixture of ethyl acetate and isopropyi ether to yleld 0.635 g
(769%) of 31; mp 69—72 *C (from ethyl acetate/Isopropyl ether).
'H NMR (CDCly); & 1,14 (5. 3H), 1.43 (5, 3H), 1.50 (s, 3H),
1.60~2.10 (m, 2H), 2.13 (q, 2H, J = 7.5), 2.24=2.40 (m, 1H),
2.60=3.20 (s. 6H), 3,35 (q, 2H, J = 5.3), 5.39 (br s, {1H), 6.55
(d, IH, J~17.6), 6.95 (d, 1H, J= 7.6). Anal. (C\xHzsNO;) C. H.
N.

2-(6,7-Dimethoxy-2,3-dihydro-1H-Inden-1-ylidene)-
acctonitrile (33). Compound 33 was prepared in 81% yield
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from 8,7-dimethoxy-1-indanone? (32) and dlethyl cyanometh-
ylphosphonate by a method simllar to that described for 10:
mp 111=113 °C (from cthyl acctate). 'H NMR (CDCly): & 2,95—
3.15 (m, 4H), 3.87 (s. 3H). 3.91 (s, 3H), 6.24 (t. 1H. J=2.4),
6.95 (d, 1M, J=8.6), 7.00 (d, 1H, J=8.6). Anal. (C;3H3NO;)
C.H. N.
2.(6,7-Dimethoxy-2,3-dihydro-1H-inden-1-yl) cthyl-
sminc (34). A solutlon of 33 (20.0 g, 92.9 mmol) In ethanol
{760 mL) saturated with NH; gas was subjected to hydrogena-
tion In the presence of Rancy-cobalt (45 g washed with ethanol
two times belore use, ODHT-G0, available through Kawaken
Co.) In & hydrogen atmosphere (4180 kPa) at room temperature
for 7 h, After hydrogen absorptlon had ceased. the catalyst
was removed by flltration. The fltrate was concentrated to
yleld 20.4 g (quant) of (E)-2-(6.7-dimethoxyindan-1-ylidenc)-
cthylemine as an oil, (£)-2-(6,7-Dlmethoxylndan-1-ylidene)-
ethylamine (10.0 g, 45.6 mmol) was disselved In ethanol (100
ml), and the mixture was subjected to hydrogenation in the
presence of 10% palladium on earben (1.0 g. containing 50%
water) in a hydrogen atmosphere at room temperature for 2
h. After absorption of the theoretical volume of hydrogen, the
catalyst was removed by flltration, The [iltrate was concan-
trated to yleld 20.6 g (quant) of 34 as an oil, which was used
direetly in the next step. This oll was dissolved In ethanol
saturated with ICl ges. The resulting solld was collected and
recrystallized from ethanol to yield 34-HCI (78%): mp 141~
143 °C (from ethanol), 'H NMR (DMSO-dh): ¢ 1.59=1.83 (m,
2H), 1.95=2.26 (m. 2H). 2.60—2.94 (m, 4H). 3.21—3.41 (m, 1H),
3.75 (s. 3H), 3.76 (s, 3H), 6.83 (d. 1H, J=8.4), 6.89 (d, 1H, J
= 8.4), 7.99 (br s, 2H). Anal. (C;pH;sNO2-HC)) C, H, N, CL

N-(2-(6,7-Dimethoxy-2,3-dihydro-1H-inden-1-yl)ethyl]-
propionamide (35), A solution of proplony) chloride (3,39 g,
42.0 mmol) was added dropwise to an Ice-cooled solution of
34 (7.15 g, 32.3 mmol) and trlethylamlInc (6.54 g, 64.6 mmol)
In tetrahydrofuran (80 mL). Alter the mixture was stirred for
3 h at room temperature. ethy] acetate and water were added.
The organic layer was washed wlth water and drled over
anhydrous magneslum sulfate, The flltrate was concentrated.
and the resldue was purified by column chromatography with
methanol/ethy] acetate (1:99) as cluent to yleld 7.72 g (86%)
of 35: mp 50—92 °C (from ethyl acetate/hexane). 'H NMR
(CDCly): 8 1.14 (¢, 3H, J= 7.7). 1.70—1.94 (m, 3H), 2.10-
2.36 (m, 1H), 2.18 (q. 2H, J=17.7), 2,65-3.20 (m, 3H), 3.25—
3.55 (m, 2H), 3.85 (s, 3H). 3.87 (s, 3H). 5.90 (brs, 1H), 6.75 (d.
1H, /=8.0), .90 {d, 1H, J=8.0). Anal. (C|qH2sNOQO3) C, H, N.

N:(2-(6,7-DIhydroxy-2,3-dihydro-1 Finden-1 yl)ethyl]-
propionamide (36). Compound 36 was prepared in 73% yield
from 35 and BBry by a method simllar to that descrlbed for
28; mp 98—101 *C (from cthyl acetate/hexane). 'H NMR
(CDCly): ¢ L21 (t, 3H, J=17.5), 1.60-1.98 (m, 3H), 2.10—
2.30 (m, 1H), 2.31 (q, 2H, J=7.5), 2.60—3.15 (m, 31), 3.22—
3.40 (m. 1H), 3.52=3.75 (m, 1H), 5.95 (s, 1H), 6.01 (br s, 1H),
6.63 (d, 14, J=7.9), 6.74 (d, 1H. /=7.9), 9.62 (s, 1H). Anal.
(C14HwNOy) C, H. N,

N-[2-(7.8-Dlhydro-6 4-Indenol4,5-d}(1,3)dloxol-8-yl)cth-
yllproplonamlde (37). A 60% suspenslon of sodlum hydride
in minerat oll (0.300 g. 7.50 mmol) was addcd to an i¢n-cooled
solution of hexamethyl phosphoramide (5 mL). This mixture
was stirred for 10 min, and then, a solutlon of 36 (0.850 g,
3,41 mmol) In hexamethyl phosphoramide (5 mL) was added
dropwise at room temperature over a period of 6 min, After
gas ovolution had subsided, dllodomethane (1.10 g, 4.10 mmol)
was added dropwise and the reactlon mlxture was stlrred at
room temperature for 2 h, Then, the mixture was made slightly
acldic by the ¢areful addition af a fow drops of dilute HCl and
partitioned betwecn cthyl acetate and H»Q. The organic layer
was washed with water and drled over anhydrous magnesium
sulfate, The flltrate was concentrated, and the residue was
purifled by column chromatography with ethyl acetate as
eluent to yield 280 mg (31%) of 37; mp 102—104 °C (from ethyl
acerate/hexane), '"H NMR (CDCly: ¢ 1,16 (r, 3H, J = 7.7).
1.70~1.89 (m, 2H), 1.90=2.10 (m, 1H), 2.15-2.40 (m, 1H), 2.20
(9, 2H, /= 17.7), 2.68=3,00 (m, 2H), 3.13—3.36 (m, 21), 3.40—
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3.59 (m, 1H), 3.68 (br s, 1H), 5.92 (dd, 2H, J = 1.5. 9.9), 6.67
(S, ZH). Anal, (C.;H;:.NO,-.) C.H, N.
6-Mecthoxy-7-nltro-1-indanone (38). A solutlon of potas-
slum nltrate (24.3 g, 0.240 mol) In concentrated sulfurle acid
(100 mL) was added slowly to a solutlon of 23 (30.0 g, 0.185
mol) In concentrated sulfurlc acld (130 mL) at =10 °C. The
reaction mixture was stirred at =10 *C Jor 20 min. It was then
poured into ice-water and extracted with ethyl acetate. The
organlc layer was washed with water and saturated aqueous
NaHCO; and dried over anhydrous magnesium sulfate. The
filtrate was concentrated to give a solid, which was recrystal-
lized [rom a mixture of ethyl acetatc and hexane to yivld 22.3
£ (58%) of 38: mp 155—158 °C (from othyl acetate/hexane). 'H
NMR (CDCly): & 2.78 (¢. 2H, J = 5.6), 3.13 (¢, 2H, J = 5.6).
3.94 (s, 3H), 7.34 (d. 1. J=8.4), 7.5G6 (d. 1H, J=8.4). Anal,
(CioHsNO) C, H, N.
2-(6-Methoxy-7-nitro-2,3-dihydro-1 H-inden-1-ylidene)-
acctonitrile (39). Compound 39 was prepared In 34% yleld
from 38 and dlethy] cyanomethylphosphonate by a method
similar to that deseribed for 10: mp 138—141 °C (from ethyl
acctato/isopropyl ether). '"H NMR (CDCly): & 3,00—3,20 (m,
4T), 3.92 (s, 3H), 5.42 {t, 14, J=2.6), 7.14 (d, 1H. J = 8.6),
7.43 d, 1H, J = 8.0). Anal. (C;zH:N;04) C, H, N,
2-(7-Amino-¢-methoxy-2,3-dlhydro-15-inden-1-ylidenc)-
acetonitrile (10). Compound 40 was prepared In 79% yleld
from 39 by a method simllar to that described for 14; mp 119-
121 “C {from ethyl acetatc/hexane). "H NMR (CDCly); 6 2.90—
3.20 (m, 4H). 3.87 (s, AH), 4.23 (brs, 2H), 5.60 (¢, I1H, J=2.2),
6.69 (d. 1M, J=8.0), G.84 (d. 1H, J=8.0).
N[2-(7-Amino-6-mothoxy-2,3-dihydro-1H-inden-1-yl)-
ethyllpropionamide (41). 3-(2-Amlnoethyl)-5-methoxy-2,3-
ditydro-1 H-inden-4-ylamine was prepared from 40 and Raney-
nickel by 8 method simllar to that described for 11, which was
used directly In the next step. Proplonlc acld (0.852 g, 11.5
mmol) was added slowly to an ice-cooled suspension of 1-ethyl-
3-(3-dimethylaminopropy/)carbodlimide hydrochleride (3.30 g,
17.2 mmol) and 1-hydroxybenzotriazole monohydrate (2.21 g,
14.4 mmol). The mixture was stirred at room temperature for
1 h and then recooled to 0 °C. A solutlon of 3-(2-amInoethy))-
5-methoxy-2,3-d1hydro-1 H-Inden-4-ylamine (2.00 g, 9.70 mmol)
In DMF (10 mL) was added, and the reactlon temperature was
ralsed to room temperature. After 30 min, the reactlon mixture
was poured Into water and extracted with ethyl acetate. The
extract was taken up In dilute HCI. and the water layer was

‘baslfled with a 4 N aqueous solution of sodium hydroxlde to

pH 10, The mixture was then extracted several times with
ethyl acetate. The comblned extracts were drled over anhy-
drous magneslum sulfate. The flltrate was concentrated, and
the reslduc was purlfled by column chromatography with
ethanol/ethyl acetate (1:10) as eluent to yield 1.02 g (40%) of
41: mp 71-73 "C (from cthy! acctate/isopropyl ether). '"H NMR
(CDCla): 4 1.09 (t. 3H, J=17.5), 1.6—2.0 (m, 3H). 2.12 (q. 2H,
J=1.5), 2,25 (m. 1H), 2.7-3.2 (m, 3H), 3.34 (g, 2I, J = 5.0).
3.80 (brs, 2H), 3.83 (s, 31), 5.67 (br s, 1H), 6,59 (d. 1M, J=
8.0). 6.66 (d, 1M, J=8.0).

N-[2-(7-Amino-6-hydroxy-2,3-dihydro-1H-inden-1-yl)-
cthyllprapionamide (42). Compound 42 was prepared in
88% yivld from 41 and BBry by a method similar to that
described for 28 ss an oil. '"H NMR (CDCl): & 7.11 (v, aH, J
= 17.5), 1.60—2,00 (m, 3H), 2,14 (q. 2H, J=1.5), 2.23 (m, 1H),
2,70—2.90 (m, 2H), 3.19 (m, 1H). 3.34 (q, 2H, J=5.1), 4.10
(br s, 2H), 5.69 (br s, 1H), 6.52 (d, 1H, /= 7.6). 6.60 (d, I1H, ./
= 7.6), hldden (1H).

N-[2-(7,8-Dlhydro-6 H-Indeno[4,5-d][1,3loxazol-8-yl) eth-
yllproplonamide (43). A solutlon of methyl ortholormate
(7.36 mL, 67.3 mmol) and methanol (1.4 mL) saturated with
HCI pas was added dropwise to an ice-cooled solution of 42
(670 mp, 2.70 mmol) in mothanol (5 mL). The mixture was
stirred at room temperature for 30 min and than st 60 *C for
1 h. The resction mixture was poured Into Ice-water and
extracted with chloroform, The organic layer was washed with
water and saturated aqueous NaHCO; and drled over anhy-
drous magnesium sulfate. The flitrate was concentrated, and
the residue was purified by column chromatography with
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chioroform/methanel (20:1) as eluent to yleld 425 mg (61%) of
43; mp 81—84 °C (from ethyl acetate/lsopropyl ether). 'H NMR
(CDCly): 4 1.20 (1, 3H, /= 7.5), 1.80=2,10 (m, 3H), 2.27 (q.
2H, J = 7.5), 2,37—-2.53 (m, 1H), 2.80=3.20 (m, 3H), 3.55=
3,80 (m, 2H), 6.93 (br s. 1H), 7.25 (d, 1H, J=8.8), 7.40 (d. 1H,
J=28.8). 8.09 (s, 1}). Anal. (C{sHyN;02 C, H, N.

N-(2-(5-Bromo-6-(2-propynyloxy)-2,3 dihydro-1/-inden-
1-yl)ethyl]propionamide (44). Compound 44 was prepared
in 99% yield from 2B and propargyl bramide by a method
similar to that described for 29; mp 104—107 °C (from ethyl
acetate/hoxane), 'H NMR (CDCly): é 1,16 (x, 3H, J = 7.0),
1.50—2.40 (m, 6H), 2.55 (¢, 1H, J=2.3), 2.7-3.2 (m, 3H), 3.38
(v. 2H, J=17.6), 4.76 (d. 2H, /= 2.3). 5.48 (br s, 1H), 6.93 (s.
]H). 7,38 (S. lH). Anal. (CnquBl‘NOz) C, H, N\ Br.

N-[2-(5-Bromo-3,7,8,9-tetrahydrocyclopentalfjchromen.
9-yl)ethyllpropionamide (45). A mixuure of 44 (2.94 g, 8.40
mmol) In bromobenzene (30 mL) was heated at 200 °C for 18
h In a stalnless steel bomb. The reaction mixture was cooled
to room temperature, and the solvent was evaporated to
dryness in vacuo. The residue was purifled by column chro-
matography with ethyl acetate as eluent to yleld 2,59 g (88%)
of 45: mp 110~111 °C (from ethyl scetate/hexane). 'H NMR
(CDCly): 6 1.14 (t, 3H, J = 17,5), 1.50—2.50 (m. 5H), 2,60~
3.10 (m, 3H), 3.15—3.25 (m, 1H), 3.32 (q, 2H, J = 7.5), 4.80—
4.90 (m, 2H), 5,40 (br s, 1H), 5.88 (dt, 1H, J= 10, 3.B), G.45
(dd. IH, J=1.6, 98). 7.18 (S. lH). Anal, (CnHzoBl'NOz) C. H,
N. Br.

N-[2-(1,2,3,7,8,9-Hexahydrocyclopenta[f]chromen-9-
yl)ethyl]lproplonamlde (46). A solution of 45 (210 mg, 0.600
mmol) In ethanol (5 mL) was subjected to hydrogenatlon in
the presence of 10% palladlum on carbon (200 mpg, containing
50% water) In a hydrogen atmosphere at room temperaturc
for 3 h. After hydropen absorption had ccased, the catalyst
was removed by flltratlon. The [lltrate was concentrated, and
the resldue was purified by column chromatography with
hexanc/athyl acetate (1:1) as eluent to yleld 139 mg (85%) of
46: mp 85—88 °C (from ethyl acetate/Isopropy! ether), 'H NMR
(CDCla): 4 1.16 (r, 3H, J=7.6), 1.80—2,10 (m, 6H), 2.15 (q.
2H, J=1.6), 2.60—3.50 (m, 7H), 4.00~4.30 (m, ZH). 5.35 (br
s, 1H). 6.63 (d, 1H. J=8.2), 6.94 (d. 1H, /=8.2). Anal. (C;7Hzn-
NO» C,H, N,

8-Hydroxy-7-nitro-1-indanone (48). Compound 48 was
prepared in 61% yleld from 47 and potassium nitrate by a
method similar to that described for 38; mp 218—220 °C (from
ethanol/hexane). '"H NMR (CDsOD): & 2.37 (1, 2H, J = 5.5),
2.74 (. 2H, J = 5.5), 2.95 (s, 1H), 6,95 (d, 1H, J=8.4), 7.15
(d, 1H, 7= 8.4).

Ethyl 2-[(4-Nitro-3-0x0-2,3-dlhydro-1/Inden-5-yl) oxy)-
acctate (49). Compound 49 was prepared In 94% yleld from
48 and ethyl bromoacetate by a method simllar to that
descrlbed for 29; mp 137 =139 "C (from cthyl acetate/hexane),
'HNMR (CDCla): 6 1.29 (t.3H, J=7.1), 2.79 (¢. 2H 6.0),
3.14 (t, 2H, J=6.0), 4.25 (q. 2H, J=17.1), 4.74 (s, 2H), 7.25
(d. 1H, J=8.4), 7.55 (d, 1H. J = 8.4).

Ethyl 2-[(4-Amino-3-0x0-2,3-dlhydro-1H-inden-5-yl)-
oxy]acetate (50). Compound 50 was prepared in 98% yicld
from 49 by a method similar to that described for 11 and used
in the next reactlon without further purlfication. 'H NMR
(CDCla): 6 1.29 (c. 3H, J = 7.1), 2,30=3,00 (m, 4H), 4,28 (g,
2H, J=1.1), 4.61 (s. 2H), 5,89 (br 5, 2H), 6,53 (d, I1H, J =
8.2). 6,87 (d, 1H, /= B.2).

7,8-Dihydroindeno[5,1-8][1,4]oxazine-2,9 (14, 3H)-dl-
one (51). A mixture of 50 (8.70 g, 34.9 mmol) and potassium
tert-butexlde (404 mg, 3.60 mmol) In toluene (200 mL) was
heated at reflux for 12 h under an atmosphere of argon. The
reaction mixture was cooled to room temperature and poured
Into water, It was then made slightly acldic by careful additlon
of a few drops of dllute HC1 and partitloned between cthyl
acetate and HzO. The organic layer was washed with water
and drled over anhydrous magneslum sulfate. The flltrate was
concentrated, and the residue was purlfied by column chro-
matography with ethyl acetatc/hexane (1:1) as eluent to yleld
4.8 g (66%) of 51: mp 136—139 "C (from athyl acetate/hexane).
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'H NMR (CDCly): ¢ 2.74 (t. 2H, J=15.8). 3.10 (r, 2H, J=5.8),
4,68 (s, 2H), 7.01 (d, 1H, J=7.2). 717 (d. 1H, J=7.2), 9.52
{br s, 1H).
2:(2:0x%0-2,3,7.8-tetrahydroindeno[5.4- 5] [1.4]oxazin-
9(1H)-ylidene)acctonitrile (52). Compound 52 was prepared
in 86% yleld from 51 and dlethyl cyanomethyiphasphonate by
a method similar to that described for 10; mp 158—1G1 °C
(from chloroform). 'H NMR (CDCly): 4 3.00—3.20 (m, 4H). 4.62
(5. 2H), §.62 (v, 1H, J=2.3), 6,97 (d. 1H, /=8.2), 7.06 (d, 1H,
J=8.2), B.07 (brs, 1H), Anal. (C;aHyNz0;) C, H. N,

9-(2-Aminocthyl)-1,7,8,9-tetrahydroindeno[5.4-5] [1,4]-
oxazin-2(3f)-one (53). A solution of 52 (3.00 g, 13,3 mmol)
In ethanol (300 mL) saturated with NH; gas was subjected to
hydrogenation in the presence of Raney-nickel (14 g washed
with ethanol two times before use) in a hydrogen atmosphere
(480 kPa) at 40 °C for G h. Aflter hydrogen absorption had
ceased, the catalyst was removed by filtration and the flitrate
was concentrated. The residue was taken up Into 50 mL of
cthyl acetate, and the product was extracted with 50 mL of 2
N HCI. The aquenus extracts were combined and rendered
strongly basic with the addition of a 4 N aqueous solution of
sodium hydroxide to pH 10. The free base was then extracted
several times with chloroform/methanol (10:1). The combined
extracts were dried over anhydrous magnesium sulfate, The
filtrate was concentrated to give a solid, which was recrystal-
lized from B mixture of ethyl acetate and isopropyl ether to
yleld 1.95 g (62%) of 53; mp 128—134 °C (from ethyl acetate/
isopropyl ether). 'H NMR (CDCly: ¢ 1.40—1.90 (m, ¢H), 2.20—
2.50 (m, 2H), 2.70 (dd, 1H, J = 8.0, 15.4), 2.90—3.00 (m, 2H),
3.40 (q, 1H. J=17.9), 4.44 (d. I1H, J=15.0), 4.58 (d, 1H, J -
15.0), 6.75 (d, 1H. J = 8.0), 6,79 (d. 1H, / = B.0}). Anal
(CisH;aN:02+0,25H:0) C, H, N,

2-(1,2,3,7,8,9-Hexahydrolndeno[5,4-6]{1,4]oxazIn-9-yl)-
cthylamine (54). A solutlon of 53 (1.23 g, 5.30 mmol) was
dissolved In dry tetrahydrofuran (30 mL) and added dropwise
to a stirring lce-cooled suspension of LIAIH, (0.812 g, 21.4
mmol) In tetrahydrofuran (5 mL), Alter the additlon was
complete, the mixture was heated at reflux for 18 h under an
atmosphere of argon. The mixture was then cooled in an lee
bath, and the excess LiAlH, was decomposed by the careful
addltion of water (4 mL). The mixture was filtered through a
Celite pad, the filter cake was rinsed well with ethyl acetate,
and the solvent was removed by rotary vacuum evaporation.
The resldue was taken up Into 50 mL of ethyl acerate, and
the product was extracted with 50 mL of 2 N HCI. The aqueous
extracts werce combined and rendered strongly basic with the
additlon of a 4 N aqueous selution of sadlum hydroxido to pl
10. The free base was then extracted sovoral times with
chloraform/methanol (10:1), The combined extracts were dried
over anhydrous magnesium sulfate, The fli¢rate was concen-
trated to yleld 0.93 g {80%) of 54 as an ol). which was used
directly in the next step, 'H NMR (CDCly): 6 1,10-3,20 (m,
12H), 3.41 (m, 2H), 4.20 (m, 2H), 6.49 (d, 1H, J= 8.,0), 6.61
(d. 1H, J — 8.0).

N-[2-(1,2,3,7.8.9-Hexahydrolndeno[5.4-5) [1,4]0xazin-9-
yl)ethyl]proplonamide (55). Propionlc acld (0,134 mL. 1.80
mmol) was added slowly to an lee-cooled suspension of WSC
(0.518 g, 2.70 mmol) and HOBt (0.352 g, 2.30 mmol). The
mixturc was stirred at room temperature for 1 h and then
recooled to 0 °C. A solution of §4 (0.393 g, 1.80 mmo)) in DMF
(15 mL) was added, and the reactlon temperature wes rajsed
to room temperature. After 30 min, the reactlon mixture was
poured Into water and extracted with ethyl acetate. The
combined extracts were dried over anhydrous magneslum
sulfate, The filtrate was concentrated, and the resldue was
purlfied by column chromatography with ethyl acetate/ethanol
(10:1) as eluent to yleld 252 mg (51%) of 55; mp B0=83 °C (from
ethyl acetate/hexane), '"H NMR (CDCly): & 1.11 (t, 3H, J =
7.5), 1.50=2.30 (m. 6H), 2.60~3.20 (m, 3H), 3.32 (q, 2H, J =
6.7), 3.43 (t, 2H, J= 4.4), 3.85 (brs, 1H). 4.20 (t. 2H, J= 4.4).
5.84 (br s. 1H), 6.50 (d, 1H, J= 8.0), 6.62 (d, 1H. J = 8.0).
Anal. (CjM22N,0;) C, H, N.

N-[2-(2-Ox0-1,2,3,7.8,8-hcxahydroindeno[5,4-5][1.4])-
oxazin-9-yl)cthyl]lproplonamide (56). Compound 56 was
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prepared in 88% yleld from 53 and proplonic acld by a method
similar to that described for 55; mp 216=219 °C (from cthyl
acetate/methanol), '"H NMR (CDCly): o 1.18 (d, 3H. J=17.5).
1.50-2.00 (m, 3). 2.10-2.30 (m, 3H), 2.70—-3.10 (m, 2H),
3.30—3.50 (m, 3H), 4.59 (s, 2H), 5.97 (or s, 1H), 6.81 (s, 2H).
9,77 (bl‘ 5, ]H). Anal. (ClquoNzoz) C. H, N.

N-[2-(2,3,8,9-Tetrahydro-7H-indenol4.5-51[1,4)dioxIn-
9.yl)ethyllproplonamide (57). A mixture of 36 (1.00 g, 4.01
mmol), dibromoethane (2.90 g, 15.4 mmol), potassium carbon-
ate (1.63 g, 11.8 mmol), and copper(l) oxide (31.8 mg. 0.400
mmol) in DMF (15 mL) was heated at 140 °C for 6 h. The
mixture was cooled to room temperature and poured Into
water, Then it was made slightly acldlc by the careful addition
of a few drops of dllute HC! and partitioned between cthyl
acetate and H;O. The organic Iayer was washed with water
and drled over anhydrous magnesium sulfate. The flltrate was
concentrated, and the residue was purlfied by column chro-
matography with cthyl acotate as eluent to yleld 718 mg (65%)
of 57; mp 120-122 °C (from cthyl acotate/hexane), 'H NMR
(CDCl): 4§ 1.15 (t. 3H, J = 7.5), 1.60—2,00 (m, 3H), 2.10—
2.32 (m. 1H), 2.19 (3. 2M., J=17.5), 2,61-3.01 (m, 2H), 3.08=—
3.53 (m. 3H). 4.25 (br s. 4H), 5.67 (br s, 1H), 6.69 (3, 2H). Anal.
{C\eHzuNO3) C, H, N.

(5)-Ne[2:(5-Bromo-6-methoxy-2,3-dihydro-1 H-inden-1-
ylethyl}propionamide (61). Compound 61 was prepared In
86% yicld {rom 60 and bromine by a method similar to that
described for 15: mp 105—107 °C (from ethyl acetate); [alp?®
+5.2° (¢ 1.000, cthanol). '‘H NMR (CDCly: ¢ 1.16 (t, 3H. /=
7.7). 1.45—1.81 (m. 2H), 1.98—2.41 (m, 2H), 2.21 {q. 2H, J=
7.7). 2.69—2.98 (m, 2H), 3.00—3.20 (m. 1H), 3.39 (q. 2H, J =
7.3), 3.88 (s, 3H). 5.48 (br s. 1), 6.78 (s, 1H), 7.37 (5. 1H).
Anal, (CisH2BrNO;) C, FI, N.

(85)-N-{2-(5-Bromo-8 hydroxy-2,3-dihydro-1H-inden-1-
yl)ethyljpropionamidec (82). A solution of 61 (56.7 g, 174
mmol) in dichloromcthane (400 mL) was cooled to =30 °C In
a solid CO;—acetone bath, BBry (95.8 g, 382 mmol) was then
added slowly by syringe. The reactlon was stirred at =20 to
=15 °C for 30 min. The reaction mixture was poured into ce-
water and stirred for a further 10 min at room temperature,
The organie layer was washed with water and drled over
anhydrous magnesium sulfate. The flltrace was concentrated,
and the residue was purlfled by column chiromatography with
cthyl acetate as eluent to yleld 51,1 g (91%) of 62; mp 146—
148 *C (from ethy! acatate); [alp?® +2.7° (¢ 1,001, ethanol). 'H
NMR (CDCly); 4 1.16 (¢, 3H, J=7.5), 1.60=1.80 (m. 2H). 1.90—
2.12 (m, 1H), 2.20—2,40 (m, 1H), 2.24 (q, 2H. J = 7.5), 2.65=
2.95 (m, 2H), 3.00—3.18 (m, 1H), 3.38 (q, 2H, J = 7.1), 5.82
(brs, 1H), 6.86 (s, 1H). 7.27 (s, 1H), hidden (1H). Anal. (CiHx-
BrNQy C, H. N.

(8)-N-[2-(6-Allyloxy-5-bromo-2,3-dlhydro-1 H-Indcen-1-
ylethyllpropionamlde (63). Compound 63 was prepared In
9G% yleld from 62 and allyl bromide by a method similar to
that descrlbed for 29; mp 86=87 °C (from cthyl acctate/
hexane); [a]o? +3.7° (¢ 1,003, cthanol). 'H NMR (CDCly): 4
1.16 (t, 3H, J = 7.5), 1.48=1.80 (m, 2H), 1.90—2.40 (m, 2H),
2.20 (q. 2H. J = 7.5), 2.70—2.91 (m, 21), 3.00—3.20 (m, 1H).
3,37 (q. 2H, J=7.4), 4.59 (m, 2H), 5.25—5.60 (m. 3H). 5.97—
6.20 (m, IH). 6.76 (s, 1H), 7.37 (s, 1H). Anal. (C7H22BrNO,)
C.H N

(S)-N:[2-(7-Allyl-5.bromo-6-hydroxy-2,3-dibydro-1 H-n«
den-1-ylethyllpropionamide (64). Compound 64 was pre-
pared in 80% yleld from 63 and N.N-dlethylanlline by a
method similar to that described for 30; mp 85=87 °C (from
ethy! acetate/hexane); [alp?® =51.3° (¢ 1,003, ethanol), 'H NMR
(CDCI3): 6 1.14 (v, 3H, /= 7.6), 1.45=2.13 (m, 4H). 2.18 (q,
2H, J=1.6), 2.68—3.65 (m, 7H), 1.93=5.13 (m. 2H), 5.41 (br
s, 1H). 5.49 (s, 1H), §.89=6.10 (m, 1H), 7.20 (s. 1H). Anal.
(CnszBl'NOz) C. Hy N. Br,

(5)-N[2-(5-Bromo-6-hydroxy-7-(2-hydroxyethyl)-2,3-di-
hydro-1/Inden-1-yl)cthyl]propionamide (65). A stream
of Ox was bubbled through a solution of 84 (588 mg, 1,67 mmo!)
in methanol (30 mL). which was cooled to —78 °C until a blue
color persisted. The excess ozone was removed by first purging
with oxygen and then with nitrogen. Sodium borohydride (510
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mg, 13.4 mmol) way added at about =70 °C to decompose
ozonlde, and the mixture was allowed to warm to room
temperaturn with stirring for 1 h. Then. the mixture was made
slightly acidic by the careful addition of a few drops of dllute
HC! and partitioned between ethyl acetate/butanol (1:1) and
Fz0. The organic layer was washed with water and drled over
anhydrous magnesium sulfate, The filtrate was concentrated
to yield 0.589 g (39%) of 85, which was used directly In the
next step. The analytical sample was obtalned by recrystalll-
zatlon from a mixture of ethyl acetate and methanol; mp 85—
87 *C (from ethy) acetate/methanol): [a]y®® =43.7° (¢ 1.002,
ethanol). 'H NMR (CDCly; ¢ 1,13 (t, 3H, /= 7.5), 1.40-2.10
(m, 4H), 2.17 (q, 2H, J= 7.5}, 2.62=3.01 (m, 4H), 3.07=3.22
(m, 1H), 3,28 (q, 2H, J=6.8), 3.89 (br s, 2H), 5,47 (t, IH. J =
3.7), 6.31 (br s, IH). 7.20 (s, 1H), 9.07 (s, 1H). Anal. (CyoHzz-
BrNO»y) C, H, N, Br.

(9)-N-[2-(6-Hydroxy-7-(2-hydroxyecthyl)-2,3-dihydro-
1H.inden-1-yDethyl]lproplonamlde (66). A mixture of 65
(590 mg, 1.66 mmol) ang triethylamine (184 mg. 1.82 mmol)
in methanol (5 mL) was subjected to hydrogenation In the
presence of 10% palladium on carbon (100 mg, containing 50%
water) In a hydrogen atmosphere at room temperature. After
absorptlon of the theoretical volume of hydrogen. the catalyst
was removed by flltratlon, Then, the mixture was made
slightly acldic by the addltlon of a few drops of dilute HC1 and
partitloned between ethyl acetate/butanol (1:1) and Hz0. The
organlc Jayer was washed with water and dried over anhy-
drous magnesium sulfate, The fltrate was concuntrated to
yleld 0,419 g (91%) of 66, which was used dircctly in tho noxt
step. The analytical sample was obtained by recrystallizatien
from a mlixture of cthyl acctate and methanol; mp 144—146
°C (from cthyl acctate/hexanc); a]p?® —69.7* (¢ 1.002, ethanol),
'"H NMR (CDCly): 6 1.12 (. 3H. J=17.7). 1.45—-2,10 (in, 4H),
2.16 (. 2H, J = 7.7). 2.60-3.00 (m, 4H}, 3.10—3.23 (m, IH),
3.29 (q. 2H, J = 6.8), 3.86 (q. 2H, J=5.5), 5.00 (¢, 1H, J=
4.4), 6.41 (brs, 1H), 6.69 (d, 1H, J=17.9), 6.91 (d, JH. J =
7.9). 8.86 (s, 1H), Anal. (C,yH2NOy) C, H, N.

(S)~N-[2:(1,6.7.8-Tcetrahydro-2 F-indeno[5,4-b){uran-8-
ylethyllpropionamide ((5)-(—)-22b). Methanesulfony! chlo-
ride (1.39 mL, 18.0 mmol) was added dropwise to a stirred
solutlon of the alcohol 66 (4.99 g, 18.0 mmol) in pyridine (14.6
mL, 180 mmol) at about =10 °C, After the mixture was stirred
for 25 min at =10 to =5 "C, an additional quantity of
methancsulfonyl chloride (0.697 mL. 9.00 mmol) was added
and the solution was stirred at —10 to =5 °C for another 25
min. A mixturo of ethy! acctate (10 mL) and saturated aqucous
NaHCOz (10 mL) was added slowly to the above sofutlon at 0
°C. The solution was allowed to warm to room temperature
ond stirred for an additlonal 30 min. It was poured into water
and made slightly acldic by the careful addltion of dllute HC1
and then partitioned between ethyl acetate and H.0. The
organlc layer was washed with water and drled over anhy-
drous magnesium sulfate, The flltrate was concentrated, and
the resldue was purifled by column chromatography with cthyl
acetate as cluent to yield 4.02 g (86%) of (S5)-(—)-22b; mp 113—
115 °C (from cthyl acctate): [a]p?® —57.8° (¢ 1.004, chloroform).
'H NMR (CDCly): 6 1.14 (t, 3H. J=7.7). 1.52—2,40 (m, 4H),
2.17 (q. 2H. J="17.7), 2,69-3.00 (m. 2H), 3.01—3,40 (m, 5H),
4.42—4.64 (m, 2H}, 5.40 (br s, JH), 6.62 (d, 1H, J="1.7), 6.95
(d, 1H, J=7.7). Anal, (C)sHziNQz) C, H. N,

Scparation of Enantiomers by Chiral High-Perfor:
mance Liquid Chromatography (HPLC). The racemic
mixture 22b was optically rosolved by high-performance
column chramatography (apparatus, LC Module 1 (Nippon
Millipore Ltd.); column, Ceramospher RU-1 (10 mm (id) x 250
mm, Shiseido); moblle phase, methanol; flow rate, 4.4 mL/min;
column temperature, 50 °C; sample concentratlon, 17% (w/v);
amount Injected, 8.5 mg). Removal of the solvent gave the
separate enantlomers. cach of which was then examined by
analytical chiral HPLC lor purity. (R)-(+)-22b: |a|p?" +57.8°
(¢ 1.005, chloroform). Anal. (C|oHz NO;) C. H, N,

Docking Study. The three-dimenslonal (3D) model of the
human melatonin receptor (MT) was constructed by compara-
tive modeling technlques from the crystal structure of bovine
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rhodopsin (Protein Data Bank access number 1F88).5 Among
the loop reglans, only the second extracellular loop was
included in the model, which is involved In ligand binding
according to chimera receptor experiments,® In the inltial
model, the second extraecllular loop occludes the ligand
binding pocltet and should be drastically moved to make
favorable Interactions with ligands, We applled a simulated
annealing procedure with van der Waals parameter scallng
to change the conformation of the loop. Comparative modeling
was carried out on a SlliconGraphics 0%(C) workstatlon (Slllcon
Graphics Inc., Mountaln View, CA) with tlie InslghtI/Discover
program package (Molecular Simulations Inc., San Diepo, CA).
The binding mode was analyzed by the program DOCK
(version 4.01, UCSF, Kuntz, et al.) using standard paramaters.

B. Pharmacology. Preparation of CHO Membranes for
Receptor Binding Assays. cDNA encoding the human MT;
gene was Introduced Into CHO cells, A cell line stably express-
ing the MT, receptor (CHO-hMeIR7) was sclected and eultured
In Eagles Minlmum Essential Medium-a (MEM-a) supple-
mented with 10% dialyzed fetal bovine serum (dFBS) ina 5%
CO,/95% air atmosphere. Cells were harvested at confluence
In Ca?*=Mp?*-free Hanks' balanced salt solution containing
5 mM EDTA and collected by centrifugation. Cells were
homogenized in fce-cald 50 mM Tris-HCl buffer (pH 7.7 at 25
“C), washed twice, pelleted, and stored at =30 'C untll bindlng
assays.

The day before transfectlon, CHO cells were grown In
MEM-a supplemented with 10% dFBS untl] the cells were B0%
confluent, The cells were transfected with pCMV-human MT:
melatonin receptor expression vector by using Lipofectamine
reagent (Invitrogen). Two days after the transfectlon, the cells
were harvested In Ca2*—Mg?*-free Hanks' balanced salt solu-
tion containing 5 mM EDTA and collected by centrifugatlon.
Cells were homogenlzed In lce-cold 50 mM Trls-HCI buffer (pH
7.7 st 25 °C), washed twlce, pelleted, and stored at =30 °C
until binding assays.

Affinity for MT; and MT:; Mclatonln Receptor. The
procedure of this bindIng assay was based on the method of
Rlvkees et al, with minor modiflcations.™ The frozen home-
genate was thawed, suspended In leescold 50 mM Tris-HCI
buffer (pH 7.7 at 25 °C). and used for the binding assay. For
the assay using CHO-hMelR7 homogenate, 10 4L of DMSO
solutlon of a test compound was mlxed with homogenate and
40 (MT,) or 200 pM (MT;) 2-['*I}iodomelatonin In a total
volume of 1 mL and Incubated at 25 °C for 150 min. The
reaction was terminated by addltion of 3 mL of ice-cold buffer
followed by vacuum filtration on Whatman GF/B. The filter
was further washed twlée with 3 mL of iee-cold buffer, and
the radloactivity was measured by a y-counter. Nonspecific
binding was defined In the presence of 10 gM melatonin, The
50% inhibltory concentration (ICso) was calculated using log-
probit analysis, The dissociation constant of the compound for
the receptor (K) was caleulated using the following equatlon:

K, =1C/(1 + LK)

where L and Kj represent the concentratlon and the afllnlty
constant of 2-['#*Iimelatonin In the binding assay, respectlvely.

Affinity for Low Affinity Melatonin Binding Sites
(MT; Site and Others) in Syrian Hamster Brain and
Peripheral Organs. The procedure of this binding assay was
based on the method of Niles et al.3% with minor modifications.
The speclfic binding of 2-(*#I}iodomelatonin to the hamster
MTy receptor was saturable. Tho brain, liver. kidney, and
spleen were dissected from male Syrian hamsters (7—8 weeks
old) and homogenizad in 50 mM Tris-HCI (pH 7.4 at 4 °C).
After tha removal of connective tissues by flltration using a
quadruple layer of cotton gauze, the homogenate was centrls
fuged at 48 000g for 10 min, The resultant pellet was washed
twlice with Ice-cold bufler by resuspension and recentrifugation,
and the final pellet was suspended In the same bulfer. An
allquot of the homogenate was incubated with 200 pM 2-[125]]-
iodomelatonin and a test compound at 4 *C for 0 min in e
total volume of 200 uL. The reaction was terminated by
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additlon of 3 mL of Ice-cooled assay buffer followed by rapid
vacuum flltration on Whatman GF/B. The lllter was washed
a further two times with 3 mL of lce-cooled buffer and placed
in a polystylene tube. The radloactivity was measurcd with a
y-counter. Nonspeciflc binding was determined in the presence
of 10~* M melatanin, The ICs value was calculated by log-
probit analysis,

Inhibition of Forskolin-Induced cAMP Formation in
CHO Ceclls Expressing Human Melatonin Receptor (MT,
Site). CHO colls transfected with the human melatonin
receptar (MT)) gene were piated in MEM-a supplemented with
10% dFBS at a density of 5 x 10* cells/well (1.3 x 10* cells/
em?) on Iwaki 12 well plates and cultured for 3 days. Cells
were washed twice with 1 mL of modified Hanks' balanced
salt solution (with 10 mM HEPES—Na, pH 7.3. without
NaHCOs) and then 0.5 mL of the same solution containing
100 uM 3-isobutyl-1-methyl xanthine (IBMX), and a test
compound was added. After the cells were preincubated for 8
min at 37 °C, 10 uL of forskolin (final concentration of 1 #M)
was added and the cells were Incubated further for 15 min,
The reactlon was terminated by the addition of 50 4L of 55%
perchloric acid, An allquot (200 4L) of the reactlon mixture
was transflerred to a test tube, ncutralized with 100 uL of 1.6
M NaOH solution, and assayed for cAMP concentration using
an Amersham cAMP radisimmunoassey system. The ICso
value was caluculated by log-probit analysis.

Effects of (S)-(=)-22b on Slcep and Wakefulness in
Cats. Eight adult cats (three males and five lemales) weighing
2.5-5.5 kg at the time of surgery were used. The cats were
housed Individually in a room meintained at 24 £ 1 *C with a
12 h light/dark cycle (light on 7:00 a.m.). They were fed once
dally (9:00 a.m.), and water was avallable ad libltum. On the
day of the experiment, however, they were fed after completion
of the experiment. Cats were mounted on a stercotaxic
apparatus under pentobarbital (40 mg/kg, ip) anesthesia.
Electrodes were Implanted bllaterally In the frontal and
parictal cortices and hippocampus according to the cat brain
atlas of Snider and Niemer.*” As cortica! electrodes, stainless
steel screws were used. The depth bipolar recording electrode
was made up of twisted stainless steel wires (0.3 mm In
diamerer) insulated except at the tips (0.5 mm). Ocular
movement was recorded from stalnless steel screws flxed over
the bony orblt. The effect of (S)-(—)-22b on sicep was inves-
tigated by electroencephalogram (EEC) recording. The cats
were allowed to recover from surgery for at lease 7 days belore
habituation to the test chamber and EEG recording. The test
chamber (650 cm x 35 cm x 45 cm) was constructed entirely
of metal except for one Plexiglass wall and was located jn &
constantly [lluminated, ventilated, sound-proof, and clectrl-
cally shlelded room. The cats were well-accustomed to the test
chamber and BEG recordlng before the test. A cat was
transferred to the test chamber In the experimental room, and
the cables were attached. EECs, clectrooculograms (EOG). and
cleetromyograms (EMC) were recorded for 8 hi (1 h before to 8
h after treatment with vehicle, (S)-(—)-22b or melatonin).
During the recordlng, cats were observed from outside the
experlmental room on a video monitor and their behavloral
and postural changes were recorded contlnuously throughout
the experiment. Each potential ampllfied and [iltered with a
polygreph (Nihondenki-Sanel) was recorded by a magnetic pen
recorder. An EEG power spectral analysis was also performed
contlnuously using a fast Fourler transform (FFT) system
equlpped with a personal computer (NEC, PC-9801) and
recorded on a MO dlsk. The state of the cat was classifled Inco
three stages based on the following criteria: wakefulness
(marked tonlc EMG activity, low-valtage fast cartical EEG with
a low power spectrum of 4-waves, a regular hippocampa!l
#-rhythm, and slow EOG activity); SWS (markedly reduced
EMG actlvity, spindles and slow waves of high-voltage cortical
EEG wilth a high power spectrum of d-waves, and reduced
EOG actlvity); REM (an almost camplete absence of EMG
actlvity, low-voltage fast cortical EEG with a low power
spectrum of d-waves, an extremely regular hippocampal
O-rhythm, and e frequently observed high-voltage EOG caused
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by REM). (S)-(~)-22b and melatonin were suspended in 0,.5%
methyl cellulose (MC). Each cat was adminlstered orally with
a capsule containing the (5)-(—)-22b or melatonin solutlon, In
the ¢ontrol trial, the cat was glven a capsule contalning vehicle.
Each dose of (S)-(—)-22b or melatonin was compered with the
counterbalanced control trial conducted before or after the drug
trial (dependaent sample), The duratlon between the trials was
more than 7 days In order to exclude any effect of the former
trial. For statlstical analysis, a palred t-test was used.
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Experiment

Pharmacology. Preparation of CHO Membranes for Receptor Binding Assays. cDNA
encoding the human MT, gene was introduced into CHO cells. A cell line stably expressing the
MT, receptor (CHO-hMelR7) was selected and cultured in Eagle's Minimum Essential Medium-a
(MEM-a) supplemented with 10% dialyzed fetal bovine serum (dFBS) in a 5% C0O,/95% air
atmosphere. Cells were harvested at confluence in Ca”-Mg*-free Hanks' balanced salt solution
containing 5 mM EDTA and collected by centrifugation. Cells were homogenized in ice-cold 50
mM Tris-HCl buffer (pH 7.7 at 25 °C), washed twice, pelleted, and stored at -30 °C until binding
assays.

Affinity for MT, Melatonin Receptor. The procedure of this binding assay was based on the
method of Rivkees et al. with minor modifications. The frozen homogenate was thawed,
suspended in ice-cold 50 mM Tris-HCl buffer (pH 7.7 at 25 °C), and used for the binding assay.
For the assay using CHO-hMelR7 homogenate, 10 pL of DMSO solution of a test compound was
mixed with homogenate and 40 pM (MT,) of 2-["*I]liodomelatonin in a total volume of 1 mL and
incubated at 25 °C for 150 min. The reaction was terminated by addition of 3 mL of ice-cold
buffer followed by vacuum filtration on Whatman GF/B. The filter was further washed twice
with 3 mL of ice-cold buffer, and the radioactivity was measured by a y-counter. Nonspecific
binding was defined in the presence of 10 uyM melatonin. The 50% inhibitory concentration (ICso)
was calculated using log-probit analysis. The dissociation constant of the compound for the
receptor (K;) was calculated using the following equation:

Ki = 1Cso/ (1+L/Kg)
where L and K, represent the concentration and the affinity constant of 2-['*I]iodomelatonin in

the binding assay, respectively.




