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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

RAD: 7­104255­  ­20
DEP: 2020  DIRECCION DE NUEVAS CREACIONES 
TRA: 11  PCT­PATENTE DE INVENCION CAPITULOS I Y II 
ACT: 519   PRESENTACION 

FECHA:  2013­09­26 16:17:14
EVE:  378  FASE NACIONAL INCLUIDO CAPITULO I 
FOLIOS:   5

Como resultado del Examen de Fondo realizado, con fundamento en el Artículo 45 de la 
Decisión 486 de la Comisión de la Comunidad Andina, se comunica:

1. Documentos estudiados  

Descripción: Rad. N°07-104255-00000-0000 04/Octubre/2007
Reivindicaciones: Rad. N°07-104255-00000-0000 04/Octubre/2007

Rad. N°07-104255-00010-0000 30/Abril/2012
Dibujos (Figuras) : Rad. N°07-104255-00000-0000 04/Octubre/2007
Oposiciones: Rad. N°07-104255-0000 -0000

Rad. N°07-104255-0000 -0000

Lafrancol 
30/Julio/2008
Gynopharm S.A.
30/Julio/2008

Respuesta  del 
solicitante: 

Rad. N°07-104255-00008 -0000 09/diciembre/2008

Prioridad: JP  2005 107674   04/abril/2005
                                          
2. Análisis de la Prioridad

Se acepta la reivindicación de Prioridad porque esta solicitud fue presentada dentro del 
plazo  establecido  (Art.  9  D 486),  y  su  contenido  técnico  corresponde con  el  de  la 
prioridad reivindicada.
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3. Objeto de la invención

Título de la solicitud: “MEDIDA DE PREVENCIÓN O REMEDIO PARA NEUROSIS POR 
DEPRESIÓN O ANSIEDAD”

El problema planteado en esta solicitud consiste   en la necesidad de proporcionar un 
agente profiláctico o terapéutico para trastornos por  depresión o ansiedad con baja 
toxicidad.

Para  resolver  este  problema  técnico  la  solicitud  en  estudio  proporciona  una 
composición que comprende combinar el  compuesto (S)-N-[2-(1,  6,7,8-tetrahidro-2H-
inden[  5,4-b]furan  -8-il)etil]  propionamida  y  uno   o  más  fármacos  seleccionados  de 
(según radicado N° 07-104255-00010-0000.
                      
El  objeto  de  la  presente  Solicitud  se  relaciona con la  Clasificación Internacional  de 
Patentes (CIP): A61K 31/343, C07D 307/93, A61P 25/24.

4. De la Solicitud de Patente 

Titulo

El título no corresponde con el objeto de la solicitud porque no menciona la composición 
objeto de la invención. 

Reivindicaciones (Art 30 D 486, Art 22 PCT)

La  Reivindicación  1   no  es  concisa  porque  da  origen  a  un   gran  número  de 
composiciones, lo cual hace difícil  definir  cuál es el  objeto que se busca proteger y 
además de todas estas composiciones no existe sustento en la descripción.

Descripción (Art 28  D 486)

La Descripción no es suficiente porque la información que contiene no permite que  la 
persona del oficio normalmente versada en la materia pueda comprender el problema 
técnico y la solución aportada por la invención. Además de todas estas composiciones 
no existe sustento en la descripción sólo se evidencia el ejemplo de la tabla 1 (pág 5) 
que se refiere a una tableta que comprende el compuesto A.

Se requiere al Solicitante hacer las aclaraciones necesarias. 

5. Unidad de invención (Art 25 D 486)

La Solicitud no cumple con el Requisito de Unidad de Invención porque se refiere a 
mínimo 2 Grupos Inventivos.

Los Grupos Inventivos están definidos por las siguientes características esenciales:

1° Composición que comprende  (S)-N-[2-(1, 6, 7,8-tetrahidro-2H-inden [ 5,4-b]furan -8-
il)etil] propionamida y Diazepam.
2°Composición  (S)-N-[2-(1,  6,  7,  8-tetrahidro  -2H-inden  [5,4-b]  furan  -8-il)etil] 
propionamida y Paroxetina. 

Se sugiere presentar las Solicitudes Divisionales que considere necesarias, ó limitar la 
solicitud inicial a una sola invención, eliminando de ella las otras invenciones. 
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6.  Análisis de las Oposiciones

Las  sociedades  opositoras  Lafrancol  S.A.  y  Gynopharm  S.A.  argumentan  que  hay 
reivindicaciones que se refieren al uso y a un método de tratamiento y no sólo a la composición 
farmacológica o a un método de fabricación mediante el cual se obtenga un producto tangible, 
que según el artículo 14 de la Decisión 486 de la Comunidad Andina corresponde a materia que 
no es patentable.

La sociedad opositora Lafrancol S.A. afirma que esta solicitud pretende obtener patente para un 
nuevo uso de la sustancia (S)-N-[2-(l,6,7,8-tetrahidro-2H-inden[5,4-b}furan-8- il)etil]propionamida 
(Ramelteon), empleado actualmente en la prevención o tratamiento de trastornos de depresión o 
ansiedad,  resaltando  que  la  sustancia  (S)-N-[2-(l,  6,7,8-  tetrahidro-2H-inden[5,4-b]furan-8-
il)etil]propionamida (Ramelteon), reivindicada en la solicitud colombiana en trámite, corresponde 
a un fármaco en primera instancia indicado y aprobado en el tratamiento de trastornos del sueño 
(insomnio), tal y como lo demuestra la patente americana US 6.024.239 publicada el 07 de marzo 
de 2000 y titulada "Tryciclic compounds, their production and use".

Por su parte, la sociedad opositora Gynopharm S.A, afirma que antes de la fecha de prioridad de 
esta solicitud se encuentra el documento ES2175350T, publicado el 16 de noviembre de 2002, 
que afecta la patentabilidad de la presente solicitud.  El  documento revela un compuesto de 
fórmula  (I),  en  la  que  R<1>  es  un  hidrocarburo,  amino  o  grupo  heterociclo  opcionalmente 
sustituido;  R<2>  es  H  o  un  grupo  hidrocarburo  opcionalmente  sustituido;  R  3  es  H  o  un 
hidrocarburo o grupo heterocíclico opcionalmente sustituido, X es CHR<4>, NR<4>, O o S en la 
cual R<4> es H o un hidrocarburo opcionalmente sustituido; Y es C, CH o N; el anillo A es un 
anillo  de  5  a  7  eslabones  opcionalmente  sustituidos;  el  anillo  B  es  un  anillo  de  benceno 
opcionalmente sustituido; y m es 1 a 4, o una sal del mismo. Agrega, además, que el documento 
divulga en la página 75, líneas 38 a página 76, línea 50, que el compuesto (I) es altamente 
selectivo,  especialmente  frente  al  receptor  ML-1.  Adicionalmente,  el  compuesto  tiene  baja 
toxicidad, pocos efectos secundarios y actúa como agonista de la melatonina en mamíferos, por 
lo cual, se puede usar para prevenir y curar trastornos del control biorítmico y otros trastornos 
que pueden ser controlados por la melatonina. Según este documento, el compuesto (I) de la 
composición  se  puede  usar  con  otros  ingredientes  activos  (por  ejemplo  fármacos  del  tipo 
benzodiazepina), por lo que concluye que el objeto se deriva, evidentemente, a partir de dicha 
anterioridad.

Frente a tales argumentos, la solicitante modificó el capítulo reivindicatorío de tal manera que no 
se observan reivindicaciones relacionadas con usos y métodos de tratamiento.  Asimismo, la 
solicitante señaló que en la solicitud se encuentra el compuesto A (Ramelteon), que presenta una 
acción  antidepresiva  y  antiansiedad  mayor  que  la  de  la  melatonina  y  que  mediante  la 
combinación  de  un  compuesto  A  con  otro  compuesto  especifico  de  acción  antidepresiva  o 
antiansiedad conocido en el estado del arte, tales como los revelados en la presente solicitud, se 
obtiene un efecto antidepresivo y antiansiedad mejorado.

De acuerdo con lo expuesto y frente al  nuevo capítulo reivindicatorío aportado,  esta Oficina 
encuentra  que  el  documento  US6034239  (que  es  equivalente  al  documento  ES2175350T) 
enseña el compuesto (S)-N-[2- (l,6,7,8-tetrahidro-2H-inden[5,4-b]furan-8-il)etil]propionamida y su 
posible  combinación  con  fármacos  antidepresivos  y  anti-ansiedad,  por  esta  razón,  este 
documento desvirtúa el nivel inventivo del objeto de esta solicitud (composiciones propuestas, 
por lo tanto se declaran fundadas las oposiciones.

7.  Determinación del Estado de la Técnica

El Estado de la Técnica se determinó con base en la Solicitud de Prioridad: 04 de abril 
de 2005,  y  se encontraron los siguientes documentos que anticipan el objeto de esta 
solicitud:

Nº Documento Título Fecha de Publicación*

D1 US6034239
Tricyclic compounds, their 

production and use
07/03/2000
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D2 Artículo2
Combined effects of diazepam 
and melatonin in two tests for 

anxiolytic activity in the mouse 
1992

D3 WO2005/002562
The combination of a serotonin 

reuptake inhibitors and 
agomelatine

13/01/2005

D11 el  compuesto  (S)-N-[2-(1,  6,  7,  8-tetrahidro-2H-inden[5,4-  b]furan-8-
il)etil]propionamida (ramelteon) , con una excelente afinidad de unión por los receptores 
de  melatonina  en  composiciones  farmacéuticas,  junto  con  otros  fármacos 
antidepresivos y antiansiedad como la benzodiazepinas y como el diazepam. 

D22 divulga el efecto  combinado, con actividad ansiolítica, del Diazepam y melatonina.

D33 la combinación de agomelatina (modulador de MT1)  y un compuesto inhibidor de la 
recaptación  de  serotonina,  para  el  tratamiento  de  la  depresión  y  otros  desórdenes 
afectivos.

8. Examen de Patentabilidad (Art 14 D486)

Nivel Inventivo (Art18 D486)

La reivindicación 1 consiste en  Composición farmaceútica que comprende combinar 
(según radicado N°07-104255-00010-0000). Se analiza el 1° grupo inventivo.

Comparación de las características técnicas esenciales, con las del Estado de la Técnica:

Características esenciales D1 D2
Composición farmacéutica que comprende 
combinar:

Composición farmacéutica (columna 
146, ejemplo de formulación 3).

Combinación que 
comprende 

(S)-N-[2-(l,6,7,8-tetrahidro-2H-inden[5,4-
b]furan- 8-¡l)etilJ propionamida uno o más 
fármacos 

(S)-N-[2-(l,6,7,8-
tetrahidro-2H-inden[5,4-
bjfuran-8-
il)etil]propionamida
(columna 30, líneas 64-
65; columna 134, líneas
29-52).

No menciona (S)-N-[2-
(l,6,7,8-tetrahidro-2H-
inden[5,4-b]furan- 8-
¡l)etilJ propionamida sino 
otro modulador de  los 
receptores de melatonina 
Melatonina 

 Diazepam. Fármacos tipo benzodiazepinas 
como el diazepam (columna 104, 
líneas 37- 40)

Diazepam 

Los documentos  D1  y  D2  se  consideran  el  estado  de  la  técnica  cercano  a  la 
invención definida en la reivindicación 1 porque:

El documento D1 divulga el compuesto (S)-N-[2-(1, 6, 7, 8-tetrahidro-2H-inden[5,4- 
b]furan-8-il)etil]propionamida (ramelteon) , con una excelente afinidad de unión por 
los receptores de melatonina (col.1 campo técnico, col. 30, ln. 64-65; col. 134, ln. 29-
52)  en  composiciones  farmacéuticas,  junto  con  otros  fármacos  antidepresivos  y 
antiansiedad como la benzodiazepinas y como el diazepam (col. 104, ln. 37-40).

La diferencia entre la invención, definida en la reivindicación 1 y la composición del 
documento D1 consiste en que no se presenta específicamente una composición con 
el componente adicional al (S)-N-[2-(1, 6, 7,8-tetrahidro-2H- inden [5,4-b] furan-8-il) etil] 
propionamida. 

1http://worldwide.espacenet.com/searchResults?
compact=false&PN=US6034239&ST=advanced&locale=en_EP&DB=EPODOC
2 Anexo al concepto.
3http://worldwide.espacenet.com/searchResults?
compact=false&PN=WO2005002562&ST=advanced&locale=en_EP&DB=EPODOC
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El  efecto  causado  por  la  inclusión  de  un  componente  con  actividad  terapéutica 
adicional  es  el  aumento  en  la  actividad  ansiolítica  y  antidepresiva  respecto  del 
ramelteon cuando está solo.

Por  lo  tanto,  el  problema técnico  objetivo  que pretende resolver  esta  invención  se 
puede formular así: ¿cómo proporcionar composiciones con mayor actividad ansiolítica 
y antidepresiva que incluyan ramelteon?

Sin embargo, el documento D1 ya sugería la utilización del ramelteon en combinación 
con benzodiacepinas, como el diazepam (col. 104, ln. 37-40).

De otro lado, D2 enseña el efecto combinado con actividad ansiolítica, del Diazepam y 
melatonina  (afinidad  de  unión  por  los  receptores  de  melatonina).  Además,  ya  se 
conocía  que  el  (S)-N-[2-(1,  6,  7,  8-tetrahidro-2H-inden  [5,4-  b]  furan-8-il)  etil] 
propionamida  (ramelteon)  es  un  compuesto  con  mayor  afinidad  de  unión  por  los 
receptores de melatonina, que la melatonina4 (pág. 4229).

En consecuencia, la persona del oficio normalmente versada en la materia, incluiría el 
diazepam de D2 en la composición divulgada en D1  para llegar así al  objeto de la 
reivindicación 1 de la solicitud, sin que esto muestre ningún efecto inesperado ya que el 
arte previo lo enseñaba claramente. Por lo cual se considera obvia.

Puesto  que  las  reivindicación  dependiente  2   no  menciona  ninguna característica 
inventiva adicional tampoco se puede considera inventiva.

Respecto al segundo grupo inventivo, de la reivindicación 1, el documento D3 revela la 
combinación  de  la  agomelatina  (agonista  del  receptor  metaloninérgico  MT1)   y  un 
compuesto  inhibidor  de  la  recaptación  de  serotonina,  para  el  tratamiento  de  la 
depresión y otros desórdenes afectivos en donde se enseña que el compuesto inhibidor 
de  la  recaptación  de  serotonina  puede  ser  la  Paroxetina,  Fluoxetina,  sertalina, 
milnacipran,  Citalopram,  escitalopram,  Duloxetina,  Venlafaxina,  imipramina, 
clomipramina, trazodona (pág, 8 ln.3, reivindicaciones 1, 7, 15, 24, pág.15); de manera 
que  la  persona  versada  en  la  materia  tendría  motivación  suficiente  para  incluir  el 
compuesto (S)-N-[2-(1, 6, 7, 8-tetrahidro-2H-inden [5,4- b] furan-8-il) etil] propionamida 
(ramelteon) de D1, en la combinación de D3 con la expectaiva de llegar al objeto de la 
composición  del  segundo  grupo  inventivo  o  sea  la  composición  de  ramelteon  y 
Paroxetina,  sin que esto muestre ningún efecto inesperado ya que el  arte previo lo 
enseñaba claramente. Por lo cual la composición reivindicad se considera obvia.

Puesto  que  las  reivindicación  dependiente  2   no  menciona  ninguna  característica 
inventiva adicional tampoco se puede considera inventiva.

9. Conclusión

Los requisitos de Patentabilidad de la presente Solicitud están afectados así:

Nº Documento Reivindicaciones afectadas Requisito que afecta
D1 US6034239 1-2 Nivel Inventivo
D2 Artículo2 1-2 Nivel Inventivo
D3 WO2005/002562 1-2 Nivel Inventivo

4 Anexo al concepto 



En cumplimiento  del  artículo  45  de  la  Decisión  486  de  la  Comisión  de  la  Comunidad 
Andina,  se  le  indica  que  debe  dar  respuesta  dentro  del  término  de  sesenta  (60)  días 
contados a partir del día siguiente de la fecha de notificación de la presente comunicación. 
En caso de no dar  respuesta  al  presente  requerimiento,  o  si  a  pesar  de  la  respuesta 
subsistieran los impedimentos para la concesión, se denegará la patente.

Se invita al solicitante se sirva indicar, si así lo considera, su renuncia al término faltante de 
sesenta (60) días  para dar respuesta a este requerimiento y presentarla por escrito.

Finalmente, se le recuerda al solicitante que si como respuesta a este requerimiento llegara 
a modificar el capítulo reivindicatorio y éste contenga más de diez (10) reivindicaciones, no 
pagará  la  tasa  de  modificación  voluntaria  pero  sí  la  correspondiente  al  pago  por 
reivindicación adicional.

Notifíquese el  presente oficio  conforme a lo dispuesto en el  numeral  5.2,  literal  e),  del 
capítulo quinto del título primero de la Circular Única No. 10 de 2001. 

El anterior requerimiento fue notificado por fijación en lista, de fecha  2013-10-01

Elaboró: Lyna Del Carmen Mordecay Dunoyer
Revisó: Gloria Jacqueline Alfonso Rozo
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Abstract

Ramelteon (TAK-375) is a novel melatonin receptor agonist currently under investigation for the treatment of insomnia. This
study describes the neurochemical and receptor binding characteristics of ramelteon in vitro. Ramelteon showed very high affinity

for human MT1 (Mel1a) and MT2 (Mel1b) receptors (expressed in Chinese hamster ovary [CHO] cells), and chick forebrain
melatonin receptors (consisting of Mel1a and Mel1c receptors) with Ki values of 14.0, 112, and 23.1 pM, respectively, making the
affinities of ramelteon for these receptors 3–16 times higher than those of melatonin. The affinity of ramelteon for hamster brain
MT3 binding sites was extremely weak (Ki: 2.65 mM) compared to melatonin’s affinity for the MT3 binding site (Ki: 24.1 nM). In

addition, ramelteon showed no measurable affinity for a large number of ligand binding sites (including benzodiazepine receptors,
dopamine receptors, opiate receptors, ion channels, and transporters) and no effect on the activity of various enzymes. Ramelteon
inhibited forskolin-stimulated cAMP production in the CHO cells that express the human MT1 or MT2 receptors. Taken together,

these results indicate that ramelteon is a potent and highly selective agonist of MT1/MT2 melatonin receptors.
� 2004 Elsevier Ltd. All rights reserved.

Keywords: Ramelteon (TAK-375); Melatonin; MT1 receptor; MT2 receptor; Sleep disorder; Insomnia

1. Introduction

Melatonin, a hormone secreted by the pineal gland,
is thought to be involved in regulating sleep-wake
cycles in humans and other mammals. Melatonin
production varies according to a circadian rhythm

controlled by neuronal output from the suprachiasmatic
nucleus (SCN) of the hypothalamus. The production of
melatonin in humans is concurrent with nocturnal sleep,
and the increase in melatonin levels in the evening
correlates with the onset of self-reported evening
sleepiness (Akerstedt et al., 1979; Zhdanova et al.,
1996) and an increase in sleep propensity (Tzischinsky
et al., 1993).

Melatonin exerts its action through membrane-
associated receptors (for review, see Vanecek, 1998).
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Initial radioligand studies revealed putative melatonin
receptors in both neuronal and non-neuronal tissues
from vertebrate species. 2-[125I]Melatonin binding sites
were originally defined as high-affinity binding sites
(picomolar affinity, in chick and mammalian brains and
retina) and low-affinity binding sites (nanomolar affin-
ity, in mammalian brains and peripheral organs)
(Dubocovich, 1995; Reppert et al., 1996). Two high-
affinity human melatonin receptors have been cloned:
MT1 (also designated as Mel1a, Reppert et al., 1994;
Slaugenhaupt et al., 1995) and MT2 (also designated as
Mel1b, Reppert et al., 1995a) receptors nomenclatured
by IUPHAR (Dubocovich et al., 2000). The MT1 and
MT2 receptors in the SCN are thought to be involved in
the effect of melatonin on circadian rhythms (Duboco-
vich et al., 2003; von Gall et al., 2002).

The low-affinity binding site (MT3, Dubocovich,
1995; Paul et al., 1999) has a profile that is completely
different from those of the MT1 and MT2 receptors
(Nosjean et al., 2000, 2001). It has recently been char-
acterized as a melatonin-sensitive form of quinone
reductase 2 (QR2), an enzyme related to the detoxifying
enzyme NAD(P)H:quinone oxidoreductase 1 (QR1, EC
1.6.99.2), and it shows a wide tissue distribution,
including kidney, liver, brain, heart and skeletal muscle
in mammals.

Because of melatonin’s involvement in natural sleep,
the use of exogenous melatonin has been examined as
a treatment for sleep disorders. Exogenous melatonin
has been shown to have a direct sleep-promoting action
(Zhdanova et al., 1995, 2001), however, it has not been
shown to have any consistent effect on total sleep time
or sleep efficiency (Hughes et al., 1998; Zhdanova and
Wurtman, 1997). Also, melatonin may have therapeutic
effects on circadian rhythm sleep disorders including jet
lag and shift-work sleep disorder (Arendt et al., 1995;
Sharkey et al., 2001). The secretion of endogenous
melatonin declines with aging, and this may be related
to the sleep-wake rhythm disturbance in elderly people
(Mirmiran et al., 1992; Skene et al., 1990). Abnormal
decreases in nocturnal melatonin have also been
observed in patients with Alzheimer’s disease, another
population prone to sleep disturbances (Mirmiran et al.,
1992; Skene et al., 1990).

Ramelteon, (S )-N-[2-(1,6,7,8-tetrahyrdo-2H-indeno
[5,4-b]furan-8-yl)ethyl]propionamide (TAK-375), is a
novel melatonin receptor agonist under investigation
for the treatment of insomnia. In animal models,
ramelteon has a sleep-promoting action and does not
appear to cause learning, memory, or motor function
impairment, or to have rewarding properties (Miyamoto
et al., 2003, 2004). In a clinical study, ramelteon
decreased latency to persistent sleep and increased total
sleep time and sleep efficiency in subjects with primary
chronic insomnia as measured by polysomnography
(Erman et al., 2003). The present study was done to

characterize the neurochemical and receptor binding
properties of ramelteon as a way to distinguish it from
melatonin and other sleep agents that act at different
receptors.

2. Materials and Methods

2.1. High-affinity melatonin receptor binding assays

Receptor binding assays were based on the method-
ology of Rivkees et al. (1989) with minor modification.
For the chick melatonin receptor binding assay, fore-
brains from 7-day-old male chicks (Komatsu, Japan)
were homogenized with 20–30 volumes of ice-cold 50
mM Tris–HCl buffer (pH 7.7 at 25 �C) and centrifuged
at 44 000!g for 10 min at 4 �C. The resulting pellet was
washed twice and stored at �30 �C until use in the
binding assays. Test compound and 80 pM 2-[125I]mel-
atonin were mixed with the thawed homogenate in
a total volume of 500 mL and incubated at 25 �C for 90
min. The reaction was terminated by addition of 3 mL
of ice-cold buffer followed by vacuum filtration on
a Whatman GF/B. The filter was washed twice and
radioactivity was counted by a g-counter. Nonspecific
binding was defined as the binding in the presence of 10
mM melatonin.

For the human MT1 receptor binding assay, cDNA
encoding the human MT1 gene was introduced into
Chinese hamster ovary (CHO) cells. A cell line
stably expressing MT1 receptors (CHO-hMelR7) was
selected and cultured in Eagle’s Minimum Essential
Medium-a (MEM-a) supplemented with 10% dialyzed
fetal bovine serum (dFBS) under a 5% CO2/95% air
atmosphere. Cells were harvested at confluence in
Ca2C–Mg2C free Hanks’ balanced salt solution con-
taining 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 the binding assays were
conducted. Test compound and 40 pM 2-[125I]melatonin
were mixed with the thawed homogenate 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 a Whatman
GF/B. The filter was washed twice and radioactivity was
counted by a g-counter. Nonspecific binding was
defined as the binding in the presence of 10 mM
melatonin.

For the human MT2 receptor binding assay, CHO
cells were transfected with a pCMV-human MT2

receptor expression vector using LipofectAMINE re-
agent (Invitrogen). A cell line stably expressing MT2

receptors was selected and cultured in MEM-a supple-
mented with 10% FBS and 300 mg/mL geneticin
(Invitrogen) under a 5% CO2/95% air atmosphere.
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Cells expressing MT2 receptors were harvested at
confluence in Dulbecco’s Phosphate-Buffered Saline
and collected by centrifugation. Cells were homogenized
in ice-cold 50 mM Tris–HCl buffer (pH 7.6 at 25 �C),
washed twice, pelleted, and stored at �80 �C until the
binding assays were conducted. Test compound was
mixed with the thawed homogenate and 280 pM
2-[125I]melatonin 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 a Whatman GF/B.
The filter was washed twice and radioactivity was
counted by a g-counter. Nonspecific binding was defined
as the binding in the presence of 100 mM melatonin.

The 50% inhibitory concentration (IC50) was calcu-
lated using the nonlinear logistic regression analysis.
The dissociation constant of the compound for the
receptor (Ki) was calculated using following equation:

KiZIC50=ð1CL=KdÞ

where L and Kd represent the concentration and the
dissociation constant of 2-[125I]melatonin in the binding
assay, respectively.

2.2. MT3 binding assay

The procedure for this binding assay was based on
the methodology of Niles et al. (1987) with minor
modification. Brains were dissected from 7- to 8-week-
old male Syrian hamsters (SLC, Japan) and stored in
0.32 M sucrose at �30 �C until use. The brain tissue was
homogenized with 20–30 volumes of ice-cold 50 mM
Tris–HCl buffer (pH 7.4 at 4 �C) and centrifuged at
48 000!g for 10 min at 4 �C. The pellet was washed
twice and suspended in buffer for use in the binding
assay. Test compound (25 mL) was mixed with hamster
brain homogenate and 100 pM 2-[125I]melatonin in
a total volume of 250 mL and incubated at 4 �C for 60
min. The reaction was terminated by the addition of 3
mL of ice-cold buffer followed by vacuum filtration on
a Whatman GF/B. The filter was washed twice and
radioactivity was counted using a g-counter. Non-
specific binding was defined as the binding in the
presence of 100 mM melatonin. Ki values were calculated
as described above.

2.3. cAMP production in CHO cells expressing
the human MT1 or MT2 receptor

A single clone of CHO-hMelR7 exhibiting specific
2-[125I]melatonin binding and the inhibition of for-
skolin-stimulated cAMP production by melatonin
(CHO-hMelR7-58) was selected by the limiting dilution
method and cultured in MEM-a/10% dFBS, harvested
at confluence by trypsin/EDTA treatment and seeded

at 5!104 cells/well in 12-well plates (Iwaki glass).
After culturing for 3 days, cells were washed twice with
1 mL of modified Hanks’ balanced salt solution
(mHBSS: HBSS containing 10 mM HEPES–Na [pH
7.3] instead of 4.16 mM NaHCO3) at 37 �C, and 0.5
mL of mHBSS containing 100 mM 3-isobutyl-1-
methylxanthine and a test compound were added
followed by preincubation at 37 �C for 6 min. After
this, 10 mL of 50 mM forskolin in mHBSS was added
(final concentration 1 mM), and the cells were in-
cubated an additional 15 min. The reaction was
terminated by the addition of 50 mL of 55% perchloric
acid. A 200-mL aliquot of the reaction mixture was
neutralized with 100 mL of 1.6 M NaOH and assayed
for cAMP content using a cAMP [125I] assay system
(Amersham Pharmacia Biotech Ltd. Buckinghamshire,
UK).

A subclone (CHO-hMT2 #13), which shows inhibi-
tion of forskolin-stimulated cAMP production by
melatonin, was selected using the limiting dilution
method in the presence of 500 mg/mL geneticin. CHO-
hMT2 #13 was cultured in MEM-a containing 10%
FBS and 500 mg/mL geneticin, harvested at confluence
by trypsin–EDTA treatment and seeded at 4!104

cells/well in 96-well plates (Asahi Techno Glass,
Tokyo, Japan). After culturing for 1 day, cells were
washed twice with 200 mL modified Hanks’ balanced
salt solution (HBSS–HEPES, HBSS containing 20
mM HEPES buffer [pH 7.3]); 215 mL of HBSS–
HEPES containing 10 mM 3-isobutyl-1-methylxanthine
(HBSS–IBMX) and a test compound were added
followed by preincubation at 37 �C for 6 min. After
this, 10 mL of forskolin solution in HBSS–IBMX was
added (final concentration 1 mM), and the cells were
incubated for 15 min. The reaction was terminated by
the addition of 25 mL of lysis buffer and a 100-mL
aliquot of the reaction mixture was assayed for cAMP
content using a cAMP Enzyme immunoassay Biotark
system (Amersham Pharmacia Biotech Ltd. Bucking-
hamshire, UK).

The IC50 was calculated using the nonlinear logistic
regression analysis.

2.4. Assays for other receptors and enzymes

Effects of ramelteon and melatonin on various
receptors, ion channels and transporters were evaluated
using standardized assay protocols (MDS Pharma
Services, Taipei, Taiwan). Receptors, transporters and
ion channels tested are shown in Table 1. Initially,
ramelteon and melatonin were tested for inhibition of
binding at 10 mM. Further investigation was performed
using multiple concentrations of ramelteon and melato-
nin to calculate the IC50 value when inhibition exceeded
50% at 10 mM.
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Effects of ramelteon and melatonin on various
enzymes were examined by conventional methods using
various concentrations of ramelteon and melatonin
(MDS Pharma Services, Taipei, Taiwan). Tested
enzymes and concentrations of compounds are shown
in Table 2.

2.5. Materials

Ramelteon, (S)-N-[2-(1,6,7,8-tetrahydro-2H-indeno-
[5,4-b]furan-8-yl)ethyl]propionamide (TAK-375, Fig. 1),
was synthesized at Takeda Chemical Industries, Ltd.
(Osaka, Japan) (Uchikawa et al., 2002). Melatonin and
N-acetylserotonin (N-acetyl-5-HT) were purchased from

Sigma–Aldrich (St. Louis, MO), and 2-iodomelatonin
was obtained from Tocris Cookson Ltd. (Bristol, UK).
Other substances were purchased from Wako Pure
Chemical (Osaka, Japan). All test compounds were
dissolved in dimethylsufoxide (DMSO) to make a 10
mM solution and diluted in assay solutions. The final
concentration of DMSO was less than 1% in assay
solutions. Treatment with vehicle, which contained
DMSO, had no significant effects on binding assays,
cAMP production and enzyme assays. 2-[125I]Melatonin
was obtained from Perkin Elmer Inc. (Wellesley, MA).
The cAMP [125I] assay system and cAMP Enzyme
immunoassay Biotark system were obtained from Amer-
sham Pharmacia Biotech Ltd. (Buckinghamshire, UK).

Table 1

List of receptors for which ramelteon did not inhibit binding more than 50% at 10 mM

Receptor Receptor Receptor

Adenosine A1 Epidermal growth factor (EGF) Neurokinin NK1

Adenosine A2A Estrogen Neurokinin NK2

Adenosine A3 GABA transporter Neurokinin NK3

Adenosine transporter GABAA Neuropeptide Y1

Adrenergic a1A GABAA (benzodiazepine, central) Neuropeptide Y2

Adrenergic a1B GABAA (benzodiazepine, peripheral) Neurotensin

Adrenergic a1 GABAA (chloride channel) Nicotinic (central)

Adrenergic a2A GABAB Opiate d

Adrenergic a2B Galanin Opiate k

Adrenergic a2C Glucagon-like peptide-1 (GLP-1) Opiate m

Adrenergic a2 Glucocorticoid Opiate (non-selective)

Adrenergic b1 Glutamate (AMPA) Phorbol ester

Adrenergic b2 Glutamate (kainate) Platelet activating factor (PAF)

Adrenergic b3 Glutamate (NMDA) Platelet derived growth factor (PDGF)

Adrenergic b (non-selective) Glutamate (NMDA, glycine) Potassium channel (KA)

Adrenergic NE transporter Glutamate (NMDA, PCP) Potassium channel (KATP)

Angiotensin AT1 Glutamate (NMDA, polyamine) Potassium channel (Kv)

Angiotensin AT2 Glutamate (non-selective) Potassium channel (SKCa)

Atrial natriuretic factor (ANF) Glycine (strychnine) Progesterone

Bombesin Histamine H1 (central) Purinergic P2x

Bradykinin B1 Histamine H1 (peripheral) Rolipram

Bradykinin B2 Histamine H2 Serotonin 5-HT1 (non-selective)

Calcitonin Histamine H3 Serotonin 5-HT1A

Calcitonin gene related peptide (CGRP) Imidazoline I2 (central) Serotonin 5-HT1B

Calcium channel (L type, diltiazem) Imidazoline I2 (peripheral) Serotonin 5-HT2

Calcium channel (L type, nitrendipine) Inositol triphosphate (IP3) Serotonin 5-HT3

Calcium channel (L type (-) D888) Insulin Serotonin 5-HT4

Calcium channel (N type) Interferon g Serotonin 5-HT5A

Cannabinoid CB1 Interleukin (IL-1a) Serotonin 5-HT6

Cannabinoid CB2 Interleukin (IL-2) Serotonin 5-HT7

Cholecystokinin (CCKA) Interleukin (IL-6) Serotonin transporter

Cholecystokinin (CCKB) Interleukin (IL-8) Sigma s1

Choline transporter CXCR1 (IL-8A) Sigma s2

Dopamine D1 CXCR2 (IL-8B) Sigma (non-selective)

Dopamine D2L Leukotriene (LTB4) Sodium channel (site 2)

Dopamine D2S Leukotriene (LTD4) Somatostatin

Dopamine D3 Monoamine transporter Testosterone

Dopamine D4.2 Muscarinic M1 Thromboxane A2

Dopamine D4.4 Muscarinic M2 Thyrotropin releasing hormone (TRH)

Dopamine D4.7 Muscarinic M3 Transforming growth factor-b1 (TGF-b)

Dopamine D5 Muscarinic M4 Tumor necrosis factor-a (TNF-a)

Dopamine transporter Muscarinic M5 Vasointestinal peptide (VIP1)

Endothelin ETA Muscarinic (non-selective) Vasopressin V1

Endothelin ETB Muscarinic (oxotremorine-M)
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3. Results

3.1. Affinity for the human MT1/MT2 receptors
and chick melatonin receptors

The specific binding of 2-[125I]melatonin in the chick
forebrain, which contain the chick Mel1a and Mel1c
receptors (Reppert et al., 1995b), was saturable. The
Scatchard plot of the saturation isotherm using ligand
concentrations ranging from 10 to 160 pM revealed
high-affinity binding sites with a Kd value of 24.7G2.3
pM and a Bmax of 13.2G0.9 fmol/mg protein (three
experiments). This was also the case for human MT1

receptors in CHO-hMelR7, with a Kd value of 15.0G3.0
pM and a Bmax of 555G114 fmol/mg protein (three

experiments), determined with ligand concentrations
ranging from 5 to 80 pM. Human MT2 receptors
expressed in CHO cells showed lower affinities than
those of human MT1 receptors, and its Kd value and
Bmax were 328G12 pM and 133G2 fmol/mg protein,
respectively (three experiments) determined with ligand
concentrations ranging from 99 to 6350 pM.

The affinities of the tested compounds for these
receptors are shown in Table 3. The affinity of ramelteon
for the chick melatonin receptors was found to be very
high, with a Ki value of 23.1 pM, which is comparable to
that of 2-iodomelatonin and 16 times higher than that of
melatonin.N-Acetyl-5-HT, a precursor ofmelatoninwith
high affinity for the MT3 binding site, showed very low
affinity for high-affinitymelatonin receptors including the
MT1, MT2, and chick melatonin receptors. Prazosin, an
a1 antagonist with high affinity for the MT3 binding site
(Niles et al., 1987; Pickering and Niles, 1990), showed no
affinity for the high-affinity melatonin receptors.

All compounds showed 2- to 4-fold higher affinity for
the human MT1 receptor than for the chick melatonin
receptors with almost the same order of potency. The
affinity of ramelteon for human MT1 was comparable to
that of 2-iodomelatonin and 6 times higher than that of
melatonin (Fig. 2 and Table 3). Ramelteon and
2-iodomelatonin also showed high affinity for the

Table 2

List of enzymes for which the inhibition by ramelteon and melatonin were examined

Enzyme Compound (mM) Enzyme Compound (mM)

Acetyl CoA synthetase 100 15-Lipoxygenase 30

Acetylcholinesterase 10 Monoamine oxidase A 10

Acyl CoA-cholesterol acyltransferase (hepatic) 100 Monoamine oxidase B 10

Acyl CoA-cholesterol acyltransferase (intestine) 100 Myeloperoxidase 10

Aldose reductase 100 Neutral endopeptidase 10

Angiotensin converting enzyme 10 Nitric oxide synthase, constitutive (cNOS) 10

ATPase-HC/KC (gastric) 30 Nitric oxide synthase, inducible (iNOS) 10

Ca2C/Calmodulin-dependent protein kinase II 100 Phosphodiesterase type 1 (PDE1) 100

Calcineurin (PP2B tyrosine phosphatase) 10 Phosphodiesterase type 2 (PDE2) 100

Calpain 10 Phosphodiesterase type 3 (PDE3) 100

Carbonic anhydrase 10 Phosphodiesterase type 4 (PDE4) 100

Cathepsin G 30 Phosphodiesterase type 5 (PDE5) 100

CD45 tyrosine phosphatase 10 Phospholipase A2 300

Choline acetyltransferase 100 Phospholipase C 10

Collagenase IV 100 p59fyn tyrosine kinase 10

Cyclooxygenase-1 300 pS6lck tyrosine kinase 10

Cyclooxygenase-2 300 Protein kinase A, non-selective 100

EGF receptor tyrosine kinase 10 Protein kinase C, non-selective 300

Elastase 30 Protein kinase C-a 100

Free radical scavenger, SOD mimetic 10 Protein kinase C-b (I and II) 100

HER2 tyrosine kinase 10 Protein kinase C-g 100

HMG CoA reductase 30 Protein tyrosine phosphatase 1B 10

b-Lactamase 100 Protein tyrosine phosphatase 1C 100

Leukotriene A4 hydrolase 100 T cell tyrosine phosphatase 10

Leukotriene C4 synthetase 1000 Thoromboxane A2 synthetase 100

Lipid peroxidase 300 Tyrosine hydroxylase 10

5-Lipoxygenase 30 Xanthine oxidase 10

Effects of ramelteon and melatonin on various enzyme activities were tested at concentrations shown.

Abbreviation: EGF, epidermal growth factor; HMG-CoA, 3 hydroxy-3-methylglutaryl coenzyme A; SOD, superoxide dismutase.

H5C2CONHCH2CH2

C16H21NO2 (MW: 259.34)

O
H

Fig. 1. Chemical structure of ramelteon.
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human MT2 receptor with Ki values of 112 and 188 pM,
respectively (Fig. 2 and Table 3). Compared to their
affinities for the MT1 receptor, ramelteon and 2-
iodomelatonin showed lower affinity for the MT2

receptor. N-Acetyl-5-HT and prazosin showed little or
no affinity for human MT1 and MT2 receptors.

3.2. Affinity for the MT3 binding site

The specific binding of 2-[125I]melatonin to the
hamster MT3 binding site was saturable. The Scatchard
plot of the saturation isotherm using ligand concen-
trations ranging from 100 to 2500 pM revealed a single
binding site component with a Kd value of 900G89 pM
and a Bmax of 80.3G6.6 fmol/mg protein (three experi-
ments). The affinity of the radioligand for these
receptors was about 1/40 of that for the chick melatonin
receptors (Fig. 3).

The affinities of compounds for the hamster MT3

binding site are summarized in Table 4. Ramelteon
showed very low affinity for the MT3 binding sites with
a Ki value of 2.65 mM, which was 1/115 000 of its affinity
for the chick melatonin receptors. In contrast, both
melatonin and 2-iodomelatonin demonstrated high
affinities for the MT3 binding site. The affinity of
ramelteon for the MT3 site was 1/110 that of melatonin
and 1/2750 that of 2-iodomelatonin. N-acetyl-5-HT and
prazosin also showed high affinities for the MT3 binding
site, as reported previously (Dubocovich, 1995; Niles
et al., 1987). The affinities of these two compounds were
higher than that of melatonin for the MT3 binding site
and higher than the affinities of these compounds for the
chick melatonin receptors. Our results indicate that
ramelteon is highly selective for the high-affinity
melatonin receptors in contrast to other compounds.

3.3. Inhibition of forskolin-induced cAMP
production in CHO cells expressing the human
MT1 or MT2 receptor

The stimulation of CHO-hMelR7-58 cells with 1 mM
forskolin elevated cAMP content to 6- to 12-fold above
basal level. Ramelteon, melatonin, and 2-iodomelatonin
inhibited forskolin-stimulated cAMP production in
a concentration-dependent manner (Fig. 4A). Table 5
shows IC50 values of these compounds. These results
indicate that ramelteon is a potent agonist to human
MT1 receptor, as potent as 2-iodomelatonin and about
3.7 times more potent than melatonin.

The stimulation of CHO-hMT2 #13 cells with 1 mM
forskolin potently elevated cAMP content above basal

Table 3

Affinities of ramelteon and other compounds on the human MT1/MT2 receptors and chick melatonin receptors

Compound Ki (pM)

Chick forebrain (Mel1aCMel1c) CHO-hMelR7 (MT1) CHO (MT2)

Ramelteon 23.1G0.4 14.0G0.5 112G5

Melatonin 368G9 80.7G2.1 383G5

2-Iodomelatonin 24.8G1.7 13.1G0.3 188G4

N-acetyl-5-HT 583 000G22 000 81 300G6 900 3 640 000G30 000

Prazosin O2 360 000 O2 730 000 O5 370 000

Chick forebrain melatonin receptors consist of the chick Mel1a and Mel1c receptors. Each value represents the mean of three experiments with the

S.E.M.

Fig. 2. Competition by various ligands for 2-[125I]melatonin binding to

CHO cells expressing the human MT1 (A) and MT2 (B) receptors. (A)

Cell homogenate of CHO cells expressing the human MT1 receptor

were incubated with 40 pM 2-[125I]melatonin and various concen-

trations of ramelteon, melatonin, 2-iodomelatonin and N-acetyl-5-HT.

Nonspecific binding was determined in the presence of 10 mM

melatonin. (B) Cell homogenate of CHO cells expressing the human

MT2 receptor were incubated with 280 pM 2-[125I]melatonin and

various concentrations of ramelteon, melatonin, 2-iodomelatonin and

N-acetyl-5-HT. Nonspecific binding was determined in the presence of

100 mM melatonin.
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level. Ramelteon, melatonin, and 2-iodomelatonin
inhibited forskolin-stimulated cAMP production in
a concentration-dependent manner (Fig. 4B). Table 6
shows IC50 values of these compounds. Ramelteon and
2-iodomelatonin potently inhibited forskolin-stimulated
cAMP production in the cells with IC50 of 53.4 and 60.7
pM, respectively. Melatonin showed moderate inhibi-
tion with IC50 of 904 pM. These results indicate that
ramelteon is an agonist to human MT2 receptor, as
potent as 2-iodomelatonin and about 17 times more
potent than melatonin.

3.4. Effects on various receptors and enzymes

Ramelteon did not show significant (O50%)
inhibition of the binding of any receptors, transporters,
and ion channels listed in Table 1 at 10 mM, including
monoamine receptors, opioid receptors, central benzo-
diazepine receptors, and dopamine transporters. Mela-
tonin caused no significant inhibition of the binding of
almost all receptors, except for 5-HT1A receptor, for
which theKi value was 5.6 mM.Moreover, ramelteon and
melatonin had no effect on the activity of any enzymes
listed in Table 2 at 10–1000 mM.

4. Discussion

In the present study, ramelteon demonstrated high
affinity to high-affinity melatonin receptors, including
human MT1 and MT2 receptors. The Ki of ramelteon
was 3–16 times higher than that of endogenous ligand
melatonin, and this is consistent with pharmacological
effects of ramelteon and melatonin in vivo. Previously,
we showed that ramelteon exerts a sleep-promoting
action in freely moving cats (Miyamoto et al., 2004) and
accelerates re-entrainment of circadian rhythm of
running-wheel activity following an abrupt phase-
advance in rats. These effects were more potent than
those of melatonin (data not shown).

Ramelteon inhibited forskolin-stimulated cAMP pro-
duction in CHO cells expressing the human MT1 and
MT2 melatonin receptors, which indicates that ramel-
teon is an MT1/MT2 receptor agonist. While melatonin
inhibited forskolin-stimulated cAMP production with
an IC50 value comparable to the Ki value for the MT1

receptor binding, ramelteon and 2-iodomelatonin
showed IC50 values slightly higher than the Ki value.
This suggests that the endogenous ligand melatonin has
slightly higher efficacy in the stimulation of the MT1

receptors than the synthetic ligands. It has been shown
that activation of the MT1 or MT2 receptor by
melatonin inhibits forskolin-induced cAMP formation
via pertussis toxin-sensitive G protein (Morgan et al.,
1989; Reppert et al., 1994, 1995a), which is consistent
with the present results. Melatonin also inhibits
folskolin-stimulated cAMP-dependent activation of
protein kinase A activity (Morgan et al., 1994) and
phosphorylation of cAMP response element binding
protein (McNulty et al., 1994). Thus, a cAMP-de-
pendent signal transduction cascade may be involved in
ramelteon-induced pharmacological effects.

Activation of MT1 and MT2 receptors in the SCN are
closely related to melatonin-induced hypnotic and
chronobiotic effects (for review, see Dubocovich et al.,
2003; von Gall et al., 2002). In mice with a target
deletion of the MT1 receptor, the acute inhibitory
effect of melatonin on neuronal firing rate in the SCN
was abolished, while the melatonin-mediated phase-
shifting effect appeared normal (Liu et al., 1997). The

Fig. 3. Competition by various ligands for 2-[125I]melatonin binding to

theMT3 binding site in hamster brain. Hamster brain homogenate was

incubated with 100 pM 2-[125I]melatonin and various concentrations of

ramelteon, melatonin, 2-iodomelatonin, N-acetyl-5-HT and prazosin

at 4 �C for 60 min. Nonspecific binding was determined in the presence

of 100 mM melatonin.

Table 4

Affinity of ramelteon and other compounds on the MT3 binding sites in the hamster brain

Compound Ki (nM) Ratio MT3/(Mel1aCMel1c)

Hamster brain (MT3) Chick forebrain (Mel1aCMel1c)

Ramelteon 2650G180 0.0231G0.0004 115 000

Melatonin 24.1G0.5 0.368G0.009 65.5

2-Iodomelatonin 0.964G0.015 0.0248G0.0018 38.9

N-acetyl-5-HT 15.7G2.8 583G22 0.0269

Prazosin 6.16G0.46 O2360 –

Chick forebrain melatonin receptors consist of the chick Mel1a and Mel1c receptors. Each value represents the mean of three experiments with the

S.E.M.
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suppression of the neuronal activity by melatonin might
be important defining the SCN sensitivity to entraining
stimuli, and in diurnal species may contribute to the
regulation of sleep (von Gall et al., 2002). On the other
hand, MT2 receptor antagonists have been shown to
block melatonin-mediated phase advances of circadian
rhythms (Dubocovich et al., 1998).

In mammals, melatonin regulates reproductive and
neuroendocrine functions (Reiter, 1980; Malpaux et al.,
2001). Although most studies on the reproductive
function of melatonin have been focused in the
hypothalamus and pituitary, recently it has been shown
that MT1 and MT2 melatonin receptors are expressed in
rat ovaries dependent on the stage of the estrous cycle
and may affect steroidogenesis through cAMP mediated
signaling (Soares et al., 2003). Furthermore, the MT1

receptors have been shown to express in normal and
malignant human breast tissue, and melatonin inhibits
the growth of breast cancer cells (Dillon et al., 2002;
Yuan et al., 2002). It has also been reported that
melatonin regulates vascular tone. The MT1 and MT2

melatonin receptors are present in rat caudal arteries

(Masana et al., 2002). Activation of the MT1 receptors
facilitate adrenergic vasoconstriction (Krause et al.,
1995; Ting et al., 1997), while activation of the MT2

receptors mediate vasorelaxation (Masana et al., 2002).
Ramelteon shows high affinity for the MT1 and MT2

receptors; thus, these potential peripheral effects of
ramelteon should be investigated by further studies.

Ramelteon showed a low affinity for MT3, the
binding site identified as human QR2 (Nosjean et al.,
2000). Good correlation between the amount of the
MT3 binding sites and QR2 reductase activity has been
observed in various organs (including brain, liver,
kidney and heart) in the mouse and dog, although
apparent discrepancies were seen in monkey tissues
(Nosjean et al., 2001). In a previous study (Miyamoto
et al., 2003), we found that melatonin and N-acetyl-5-
HT, a precursor of melatonin biosynthesis and a potent
ligand of the MT3 binding site (Popova and Duboco-
vich, 1995), potentiated the diazepam-induced deficit of
rota-rod performance in mice, whereas ramelteon did
not show any such effect, suggesting that this action of
melatonin might be related to action at the MT3 binding
site. Correlation between melatonin- and N-acetyl-5-
HT-induced aggravation of diazepam-induced motor
deficits and their effect on QR2 activity is not clear. The
potential for this action of melatonin to cause unfavor-
able side effects when used clinically is not clear;
however, these facts suggest that a selective MT1/MT2

agonist would be preferable to a non-selective melatonin
agonist for clinical treatment of sleep disturbance.

The neurochemical profile of ramelteon, which
includes a negligible affinity for central benzodiazepine
receptors, opioid receptors, dopamine transporters, and
other receptors and enzymes tested even at high
concentrations, is consistent with results of our previous

Fig. 4. Effects of ramelteon on forskolin-induced cAMP production in

CHO cells expressing the human MT1 (A) or MT2 (B) receptors. The

100% value is the mean cAMP production with 1 mM forskolin. The

data are mean values of 3–4 experiments (A) or two experiments (B)

conducted in triplicate.

Table 5

Effects of ramelteon and other compounds on forskolin-stimulated

cAMP production in CHO cells expressing the human MT1 receptors

Compound IC50 (pM) cAMP production

Ramelteon 21.2G0.5

Melatonin 77.8G14.6

2-Iodomelatonin 26.8G7.5

Each value represents the mean of 3–4 experiments with the S.E.M.

Table 6

Effects of ramelteon on forskolin-stimulated camp production in CHO

cells expressing the human MT2 receptors

Compound IC50 (pM)

Ramelteon 53.4 (40.7–70.3)

Melatonin 904 (714–1150)

2-lodomelatonin 60.7 (44.0–83.9)

Each IC50 value is calculated from two experiments done in triplicate.

Numbers in parentheses indicate 95% confidence intervals of IC50

values.
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pharmacological studies. Ramelteon had no effects on
motor function tested by Rota-rod performance in mice
or on learning and memory as demonstrated by the
water-maze task and delayed matching to position tasks
in rats (Miyamoto et al., 2003). We have studied the
abuse potential of ramelteon by the place-preference test
in rats and found that the compound, like melatonin,
has a very low potential for abuse, unlike morphine and
benzodiazepines (Miyamoto et al., 2003).

In conclusion, ramelteon is a potent and highly
selective MT1/MT2 melatonin receptor agonist. Its
neurochemical and binding characteristics suggest that
it has the potential to be a useful therapeutic agent for
the treatment of insomnia.
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To develop a new therapeutic agent For slccp disordcrs, wc synthesized a novel series of tricyclic 
indan derivatíves and evaluated them for thcir binding afflnity to melatonin receptors. In our 
previous paper. we proposed a conformation of the methoxy group favorable for the binding of 
the MT) receptor. To fíx the methoxy group ln an active conformation, we decided to synthesize 
conformationally restricted tricyclic indan analogues with the oxygen atom ln the 6-posltion 
Incorporated Into a íuran. 1,3-dioxane, oxazole, pyran, morpholinc, or 1,4-dioxane rlng system. 
Among these compounds. indeno[5,4-Z>]furan analogues were found to bc the most potent and 
selective MTi receptor ligands and to have superior metabollc stablllty. The optlmization of 
substituents led to (5)-(-)-22b, which showed very strong affinity for human MTj {K\ = 0.014 
nM}, but no signlflcant afflnity for hamster MT? (Âj = 2600 nM) or other ncurotransmitter 
receptors. The pharmacologlcal effects of (S)-(-)-22b were studied in experimental animais, 
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 Iastcd 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 for the synthesis of 
(5)-(—)-22b starting frorn 60, which was prepared from 59 employing asymmetrlc hydrogenation 
with the (5)-2,2'-bis(diphenylphosphíno)-l,r-binaphthyl-Ru complcx, was developed. (S)-
(-)-22b (TAK-375) is currently under clinicai trlal for the treatment of Insomnia and circadian 
rhythm disorders. 

Introductlon 

The plneal hormone melatonin (1) is ofconsiderable 
inccrest for ics transduction of photoperiodic informa-
tion,1 control of mammalian circadian rhychms,2 and 
modulatlon of recinal physlology.3 The synthesis of 
melatonin and Ics secretlon at nlght from the plneal 
gland are concrolled by a circadian dock wlthin the 
hypothalamic suprachiasmatic nucleus (SCN)4 and are 
synchronized by environmental light.5 Melatonin pro-
duccion in humans is concurrent with nocturnai slccp, 
and the increase in melatonin leveis ln the evenlng 
correlates with the onset of self-reported evening sleepi-
ness or with the increase in the avening sleep propen-
sity,G 

ln humans, it has been suggested that melatonin 
might have a variety of clinicai appllcatlons such as the 
treatment of delayed sleep phase syndrome,7 Jer Iag,a 

shirtwork disturbances," seasonal affecdve disorders,10 

blindness, and aging11 and as a hypnotic agent.12 Over 
the past few years, numerous reports have descrlbed 
the effects of melatonin on the immune system suggesc-
ing that melatonin has immunomodulatory propertles.13 

Additionally, melatonin was shown to inhibit the pro-
llferation of various types of câncer cells and the human 
breast câncer eell line MCF-7.1'1 However, the use of 
melatonin as a drug is limited by Its short blologicai 
half-llfe (15-20 min),15 its poor oral bioavallability, and 
its ubiquitous action. Melatonin receptors are classlfied 

" To whom corrcspondonce should bc addressod. Tel: +81-6-6300-
0540, Fax; +81-G-G300-G30G. E-mall: uchlkawa.osamuenokedii.eojp, 

as MT], MTZ, and MT3 based on pharmacological 
proflles. The MTi receptor10 Is locallzed In the hypotha-
lamic SCN and ls thought to medlato the circadian and 
reproduetive actlons of melatonin, while the MTa recep-
tor17 is distributed in the SCN and neural retlna and Is 
lhought to medlate the efFects of melatonin on circadian 
rhythms and is implicated In the regulatlon of visual 
funetion. The binding site of the MTj receptor has been 
recently characcerized as the hamster homologue of the 
human enzyme quinone reduetase 2.1B The physiological 
funetion of the AÍTj receptor in the brain is not yet 
completely clear: however, in consideration of therapy 
for circadian rhythm disorders in the elderly, effects on 
MT3 receptors might induce unknown side effects. 
Bccause the MTi receptor was initially suggested to 
mediate circadian funedons In mammals due to the high 
levei of expression wlthin brain and the MT2 receptor 
was expressed In retlna and to a lesser extent the brain, 
wc have attompted to develop a MTi agonist, which has 
a longer half-llfe and Is more potent than melatonin but 
has no afflnity for the MT3 receptor. 

Previously, we synthesized a novel series of benzoey-
cloalkene derivadves, with an endo double bond. an exo 
double bond {E- and Z-configuradons), or a chiral center 
(5- and jR-configurations10) atpositíon C-l to control the 
spatial posiüon of the amlde group, which Is one of the 
most important pharmacophores. We found compounds 
with the 5-configuratíon at CM to be the mostpromlsing 
in terms of potency and selecdvlty for the MT] receptor. 
Furthermore. we suggested that the methyl orlentadon 
of the 6-methoxy group on the Indan nucleus ls very 

I0.102I/jm0201159 CCC: S22.00 © 2002 American Chsmlcal Soclecy 
Publlshcd on Web 08/15/2002 
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Figure 1. Progrcssion from indan dcrivatlve 2 to trlcyclic indan derlvatives 3 and 4. 

Scheme 1. Synchesis of the Indeno[5.6-í>]furan Compounds" 
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Figure 2. Constructlon of trlcyclic Indan analogues. 

19 

Imporcant for thc optimal orientation oi the oxygen lone 
pairs with a view to obtainlng thc best blndlng at the 
receptor levei. Thus, In thls study, we explored the 
possiblllty of iJmlting the conformational flexlbility of 
the mcthoxy group. It appeared to us desirable to design 
and synth esize conformatlonally restrlcted trlcyclic 
analogues20 as the Indanlc bloisostere of mçlatonin, with 
the oxygen atom In the 6-posltlon incorporated into a 
furan, 1,3-dloxolane, oxazole, pyran, morpholine, or 1,4-
dioxane heterocyclic rlng system, 

This approach culmlnatcd In thc dlscovery of indeno-
[5,4-£]furan analogues, whlch are not only metabolically 
stable but also very potent and selectlve for thc MT] 
receptor, suggestíng a superior In vivo actlvity and 
safety proflle. We report In this paper thc synthesis and 
biological accivitles of trlcyclic analogues 3 and 4 as 
shown In Figure 1. 

Chemistry 

Thc 2,3-dlhydrobenzofuran (5) was chosen as the 
starting material for the preparation of several inde-
nofuran derivativos (12a—c) as shown In Scheme 1, The 
formylation or 5 under Vilsmeier-Haack conditions21 

gave the known aldehyde S.22 A reaction with malonic 
acid followed by a hydrogenatlon rcactlon In thc pres-
ence of 10% Pd on charcoal as a cacalyst gave the 
carboxylic acid analogue 8, Friedel—Crafts cycllzatlon23 

of 8 was accompanicd by rlng closure at C-6 oi che 
ben^ofuran nucleus, to provide the linear trlcyclic ketone 
9 via the acyl chlorldc intcrmedlatc as shown In Figure 
2 (route a), Compound 9 was subjected to a Horner-
Emmons reaction2'1 using dlethyl cyanomethylphospho-
natc to glvc the Intermedlary unsacurated nitrile 10, 
whlch was converced to the amine 11 by hydrogenatlon 
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Scheme 2. Synthesis of the Indeno[5,<l-6|furari Compounds" 
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" Rcagcnts: (a) (Et0)2P(0)CH2C00Ec, NaH. THF. (b) Hj. Pd/C. EtQH. (c) Br2, NaOAc, AcOH. (d) BrZr Fe, AcOH. (c) KOH. ElOH. (í) 
HCI. (g) SOCIj. fli) AlClj, CICHzCHzCl. (1) Hz, Pd/C, AcOH, 0) (EC0)zP(0)CHzCN, NaH, THF. (k) H2, Ranay-Ni, NHj-EtOH. (I) Ac:0 or 
RCOC1. NaOH, HjO-THF. 

ovcr Raney-nickel. The ./V-acylatcd derivativos (12a-c) 
were prepared from 11 by treatment wlth the approprl-
ate acyl chloride In the presence of sodlum hydroxide 
as base and a biphasic médium according to the Schot-
ten—Baumann procedure.25 

We turned our attention to the synthesis of angular 
indeno[5,4-ò]furan derivatives (22a—c), Because the 
Friedel-Crafts reaction of 8 led to cyclization (route a) 
only aC 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 
sysccm (route b). 

To avold ring closure at C-6, we tried to block thls 
posicion by introdueing a bromine atem prior to cycliza-
tion. As outlined in Scheme 2, the aldehyde 6 was 
subjected to a I-Iorner-Emmons reaction using triethyl 
phosphonoacetate, followed by hydrogenation in the 
prescncc of 10% Pd on charcoal to aflbrd the objective, 
ester 14, which was brominated selectively in C-7 by 
bromine in acetic acid to gíve the monobrominated ester 
15. The second brominaüon in C-6 was performed using 
1.5 equlv of bromine in the presence of a catalytic 
amount of Fe.2G The alkaline hydrolysis of 16 provided 
the corresponding carboxylic acid 17. As expected, the 
Fricdci-Crafcs cyclization of 17 occurred at C-4 leading 
to the angular cricyclic ketone 18. Debromlnation 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-Z>]furan derivativos 

(22a—c) in three steps involving the reaction of the 
ketone 19 wich dlethyl cyanomethylphosphonate, hy-
drogenation ovcr Rancy-Nl, and Macylation, 

The 2,2-dimethyl-indeno[5,4-6]furan derivative (31) 
was prepared from commercially available 6-methoxy-
indanone (23), as shown in Scheme 3. Using the same 
condiclons employed for the preparation of 22a-c, the 
ketone 23 was converced in chree 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 alkylaced derivative 29 by reaccion wich 3-chloro-
2-mechylpropene. The claisen rearrangement of 29 in 
N.Mdlcthylanlline afforded 30. Acid-catalyued cycliza-
tion of 30 wlth boron trliluorlde dlethyl ctherate, 
followed by hydrogenation of the bromide, gave the 
desired produce 2,2-dlmethyl-lndeno[5,4-£>]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 corresponding indan derivative 35 by the 
same procedure employed in the preparation of 22a—c. 
Deprotection of the two methoxy groups of 35 with boron 
tribromide gave the diol 36, which was in tum treated 
with diiodomethane and sodium hydride in hexamethyl 
phosphoramide28 to alTord indeno[4,5-cfl[l,3]dioxole (37). 

The 6-methoxyindanone (23) was also used for the 
preparation of the Indeno[4,5-c/][l,3]oxazolQ derivativo 
(43) as shown in Scheme 5, Nltratlon of 23 wlth 
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Scheme 3. Synthesls of the Indeno[5,4-6]furan Compounds" 
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Scheme 4. Synthesls ofthe Indcno[4,5-fid(l,3]dioxole Compounds" 
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Scheme 5. Synthesls of the Indeno[4,5-a][l,3]oxazole Compounds" 

CHJO. 

23 39 39 

CN 

-"ySó 
CN 

40 

m r ^ v j l . NHj 

" t S f " 

O 

41 42 43 

" Reagents: (a) KNOj, conccnttated H2S04. (b) (Et0)2P(0)CH2CN. NaH. THP. (c) H2. Pd/C. EtOH. (d) H2, Raney-NI, NHa-EcOH. (e) 
CH,CM2COOH. WSC. HOBt, DMF. (0 BBrj. CH2CI2. (g) CH(OCH3)z, HCI-MeOH. 

potassium nitrate in concentrated H2SO4 gave the nltro 
derivative 38. Compound 38 was subjected to a Horner— 
Emmons reactlon to give the unsaturated nicrile 39, 
which was converted to the aniline 40 by catalytlc 
hydrogenation. Hydrogenatlon over Raney-nlckel of 40 
and acylation with l-ethyl-3-(3-dimethylamlnopropyl)-
earbodilmide hydrochloride (WSC)-mediated coupllng of 

proplonic acid with the primary amine in the presence 
of l-hydroxybenzotriazole monohydrate (HOBt) gave the 
indan 41, The indan 41 was converted to the phenol 42 
by a reactlon with boron trlbromide, which was vhen 
transformed into the indeno(4,5-o][l,3]ox'a^ole deriva-
tive (43) by heating in HCl-MeOl-I with methyl ortho-
formatc. 
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Scheme 6. Synthesis of the Cyclopenta[jjchromone Compounds" 

Uchikawa et al. 

28 44 , 45 

- Keagents: (a) Propargyl bromide, NaH, DMF. (b) Dromobenienc. (c) Hj. Pd/C, EtOH. 

Scheme 7. Synthesis of the Indeno[5,4-6][l,4]oxa2ine Compounds" 
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' Reagents: (a) KNOj, conccncraLcd I-fcSO* (b) NaH. BrCHjCOOEt. DMF. (c) Hj, Pd/C. EtOH. (d) tBuOK, toluene. (e) (EtO)zP(0)CHzCN, 
NaH, THF, (0 Hz, Raney-Ni, NHj-EtOH. (g) LAH, THF. (h) CHjCHzCOOH, WSC, HOBt, DMF. 

The indan 28, obtalned In the prcccdlng oxpcrlment, 
was created with propargyl bromide and sodlum hydrlde 
in AW-dimethylformamldc (DMF) to glve the corre-
sponding ether <14 (Scheme 6). Thermal intramolecular 
cyclization of the aryl propargyl ether 44 led to 45. and 
catalytic reduetion gave the angular cyclopenta[y]-
chromene derivative (4C). 

The amlne 53 was the key material for the prepara-
tion orindeno[5,4-£)[1.4]oxazlne derivativos (Schemc 7). 
Nitration of 6-hydroxy-l-indanone (47) with potasslum 
nitrato ln conccntrated HzSOi followed by alkylation of 
Che nitro compound 48 with ethyl bromoacetate gave 
the ester 49, which was transformed into the key 
Intermediate 53 In fourstraightforward steps, namely, 
reduetion of the nitro group. cyclization of the obtained 
aminoester, condènsation by the Horner-Emmons reac-
tion, and reduetion of the unsaturated nitrile 52. After 
reduetion of 53 with LÍAIH4, 54 was acylatcd to Indeno-
[5,4-6][J,4]oxazine (55) using the WSC-HOBt proce-
dure. The /V-acylatcd derivacive 56 was prepared di-
roctly from 53. 

Scheme 8, Synthesis of the Indeno[4.5-6][l,4]dIoxine 
Compounds" 

36 

57 

' Reagants: (a) BKCH^Br. CuO, K2CO3, DMF. 

The indeno[4,5-ò][l,<i)dioxine (57) was prepared via 
the same diol 36 mentioned above by heatlng with 
dibromoethane, CuO, and KzCOa In DMF. As with a 
rclated series of benzocycloalkene derivatives, the ab-
soluto configuration of the stereocenter had a signifleant 
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Scheme 9. Synthesls orthe Indono[5,4-í>)ruran Compounds" 
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-Reagencs: (a) Hz, Rancy-Co, NH3-EcOH. (b) CHjCMjCOCl, Et3N, THF. 0 'C. (c) H2. Ru(OAc)2[(5)-blnap], MeOH. (d) Brj, NaOAe, 
MeOH, 0 *C. (o) BBrj. CHjCIj. -20 'C. (0 CH=CHCH2Er, NaH, DMF, 0 °C. (gl M/V-Dieihylanilino. 200 "C. (h) 03, MoOH, -78 "C. (I) 
NbBH<. MeOH, -78 "C. {() Hz, Pd/C. EtjN, MeOH. (k) MsCI, pyrldmp, -10 to 0 'C. (1) EcjN, EtOAc. reílux. 

effect on the selectlvlty toward the MTi receptor. We 
therefore iocused on the asymmetrlc synthesis of the 
(5)-iSomer oi 22b accordingto the results ofourprevlous 
study on indan derivatives. The key step was the 
asymmetric reduction of die exo double bond In thc 
intermediace 59. This reaction procccdcd nlcely under 
9.1 MPa of hydrogen at 70 °C using the (5)-2,2'-bls-
(diphenylphosphino)-l,r-binaphthy) (binap)—Ru com-
plex as a catalyst to glve the enantiomerically puro 60 
as we previously reported (Scheme 9). 

Having solvcd the problem ofasymmetric hydrogena-
tlon, we turned our attcntion to thc construction of a 
furan rlng condenscd with the indan nucleus, Because 
of the low rcactlvlty at C-7 of the indan rlng, our 
attcmpcs to Introduce substituents using the Fries 
rearrangemenc, the Frlcdel-Crafts reaction, nitration, 

or formylation for the construction of indeno[5,4-£]furan 
scalTolding were ali unsuccessful. We flnally attempted 
to introduce an allyl molety into the C-7 posltlon of the 
indan rlng using a clalsen rearrangcment and then 
cyclized It to dihydrobenzofuran. To block thc more 
rcactlvc C-5 posltlon, bromlnatlon was performed. Sub-
sequent boron crlbromide treatmenc provided the 6-hy-
droxy indan 62. Alkylation of 62 with allyl bromide gave 
63, whlch was then subjected to a claisen rearrange-
menc to afford 64, Ozonolysis of the vinyl moiety 
followed by a reduetive workup and deprotection of the 
C-5 bromide gave the díol 66, The primary alcohol 66 
was converted to mesylate and then cyclized to the 
desired (5)-(—)-22b by treatmenc with EtjN In EtOAc 
at reflux, 
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ResulCs and Discussion 

MTi and MT3 Receptor Binding Affinitles. The 
affinities or the compounds for melaconln binding sites 
were evaluated by binding assays with 2-[125I]lodo-
melatonin radioligand using Chinese hamster ovary 
(CHO) cclls expressing human melatonin receptor (MT] 
site) and Syrlan hamster brain and peripheral organs 
[MTssW c). 

The affinitles of compounds for these receptors are 
shown In Tablc 1. From the scruccure-affinity relation-
shlps, die posidon of tho third ring condensed with the 
indan nucleus seems to be criticai for binding afTinicy, 
This is supported by the fact that Che angular tricyclic 
derivatives 22a—c showed a binding afflnicy for the MTi 
receptor that was ca. 3—4 orders of magnitude higher 
Chan that of the corresponding linear crlcycllc deriva-
tives 12a—C. These results were conslstenc with the 
observation that the methyl orientatlon of the 6-mech-
oxy group on the indan nucleus was very Imporcanc for 
che opclmal orientation of the oxygen lone pairs as 
dlscusscd previously. Regarding the length of the acyl 
sldc chain, although compounds 22a-c showed high 
afflnicy for the MTj receptors, there was a tendency fer 
the affinity to Improve wich increasing chain length, the 
opdmum group belng the propionyl (22b). With respect 
to the MTj receptor, the Increase oi acyl chain length 
in the linear tricyclic series led to a decreasc In the 
binding affinity whereas the corresponding angular 
tricyclic series gave che opposlte results. As a conse-
quence of these experiments, further optlmlzacion was 
pursued in the propionyl series, The lncroducdon of 
dimechyl groups (31) into the furan ring was detrimen-
to! to the binding affinity for the MT| receptor. We 
therefore extensively rnodified the thlrd ring pare wich 
substltuents such as a 1,3-dioxoIane (37), oxazole (43), 
pyran (46), morphollnc (55 and 56), and 1,4-dioxane (57) 
heterocycllc ring. Roplacement of the furan ring with a 
1,3-dloxolane ring (37) preserved a moderate levei of 
affinity for the MT] receptor, buc further modificacion 
as seen with 43,46 and 55-57 resulted in less affinity 
as compared with that of 22b. These results indicaied 
that the angular unsubscltuted dlhydro furan ring 
condensed with the indan nucleus was the besc struc-
ture, For a more ratlonal explanatlon of the obsorvod 
binding affinity, we carried ouc molecular orbita) (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—PMj method with 
MOPAC version 6.00.20 The net acomlc chargcs of 22b 
and 37 were —0.19 and —0,20, respectively, and these 
compounds exhibited a similar high binding affinity. 
However, che value (-0.11) of 43 is worth nodng, 
suggesting that the parameter accounts for the weak 
potcncy, 

To Invescigace the stereochemical requirements, the 
two enanciomers, (S)-(-)-22b and (£)•(+)•22b. of com-
pound 22b were prepared and examined for binding 
afflnicy. As expecced, significant differences were ob-
served and (5)-(—)-22b was more than 500 dmes as 
potent as (R)-{+)-22b for the MTi receptor, conflrmlng 
the favorable Influence of the S-configuration. Com-
pound (5)-(-)-22b had the most impressive binding 
profile ror the MTi (K\ = 13.8 pM) receptor. (S).(-)-22b 
showed very low afflnicy for the MTs receptor with a Kt 

Uchlkawa et al. 

value of 2.6 /M, which was 190 000-fold Che value for 
che human MT, subcype. These results indicate that (£)-
(-)-22b ls a pocenc and seleccive MTi agonist and 
warranes Turcher pharmacological study, 

Adenosíne Cyclic 3',5'-Phosphate (çAMP) Pro-
duetion in the Rat Pltuitary. Thls experlmcnc was 
based on che method of Vanccek and Vollrach30 with 
minor modiflcadons. The stlmulaclon of 9 day old rat 
pitulcary with 1 ftM forskolin ralscd che cAMP content 
to 10 Ümes the basal levei. Melatonin inhlbited forsko-
lin-stimulated cAMP produedon in a concencradon-
dependent manner, che effecc of which was maxlmal at 
1 nM reaching abouc 50-65% Inhlbiclon. (S)-(-)-22b, 
like melatonin, lnhlblced cAMP produedon, Indlcadng 
an agonistlc effecc on che melaconln receptor In che 
pitulcary. alchough les acdvlcy was sllghdy wcaker chan 
thac of melaconln, as shown by che IC50 values In Table 
2. 

Effccts of (S)-(-)-22b and Melatonin on Sleep 
and Wakofulness in Freely Moving Cais. Thesleep-
promodng effeccs were studied in freely moving cats, 
Admlniscratlon of melatonin (1 mg/kg, po) reduced 
wakofulness and increased slow wave sleep (SWS) and 
rapld eyc movemenc (REM) sleep (analysis of variance 
(ANOVA), boch p < 0.01), However, the duradon of 
slecp-inducing action was not very long and significant 
effccts were observed only for 2 h after the administra-
tlon, although the effect on REM was not significant 
(Figure 3). (S)-(-)-22b (0,1 mg/kg, po) had potent sleep-
promodng accivity, as indicated by the significant 
decrease in wakefulncss and significant Increases in 
SWS and REM sleep (ANOVA, p < 0.05 or p < 0,01). 
The effeccs lasced for abouc 6 h afccr the administration 
(Figure 4), Thus, che slecp-lndudng acdon of (5)-(—)-
22b and che duradon of che effecc were much greacer 
chan for melaconln. 

Docking Study. To explaln che potency of (S)-(-)-
22b, we performed a docking experiment using a modcl 
ofthe human melatonin receptor (MTi) conscrucced from 
Cho cryscal strueture of bovine rhodopsin.31 Details of 
che model are given in the Experimental Sectíon. Figure 
5 shows che most reasonable mode of binding of (S)-
(-)-22b in che ligand binding pocket. In this model. che 
oxygen atom in the furan ring forms a hydrogen bond 
with Hisl95 and the adjacent carbon atom interaccs 
with Vai 192, Both residues are located In cransmem-
brane segment V and are suggested co be concerned wich 
ligand recogniCion,32 The oriencadon of the oxygen lone 
pairs incorporaced into the Turan ring would be lmpor-
tant as can be seen from the data on the binding afflnicy 
of 12b and (6)-(-)-22b, Actually. the orientatlon of che 
oxygen lone pairs of 12b as compared co (S)-(-)-22b 
would be unfavorable for a scrong hydrogen-bondlng 
inCeracdon, though che furan ring of 12b can be accom-
modated around Hlsl95 (daca not shown). Flxing cho 
orientation of the methoxy molety of melaconln by les 
incorporatíon into a furan ring seems to play a maln 
role in reinforcing the Interacdon. The propanamldc slde 
chain is favorably surrounded by Val261 and Pro265, 
boch In cransmembrane segmenc VI and Is slmulca-
neously hydrogen-bonded to Tyrl75 and Sorl82 in Che 
second çxtracellular loop, which is suggesced to be 
Imporcanc for ligand binding,33 The interaction with 
Pro265, which is not availablc fòr melaconln, would 
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Tablo 1. Binding Afflnity and Physicai Properdes of Tricyclic Analogues 

receptor binding (K°, nM) 

compound . MT' mt; mp (°C) formula anal/ 

melatonin 

12a 

12b 

12c 

22a 

22b 

CS)-(-)-22b 

(R)-(+)-22b 

22c 

31 

37 

43 

46 

55 

56 

57 

1 
'|H 0.0823 ±0.0021 

- o f 1 

O 

c c S 1 ^ • 2 5 5 1 4 5 

o c 5 " 

x-

^ x T 1 

J U 
I 

ô 
Ks 

240 ±35 

0,126 ±0.035 

0.0174 ± 0.0041 

0.0138 ± 0.0006 

7.31 ±2.86 

0.0214 ±0.0050 

0.422 ±0.070 

0.0241 ± 0.0059 

3.29 ±0.63 

0.242 ± 0.035 

15.3 ±5.10 

326 ±35 

0.423 ± 0.088 

27.6 ±0.3 

237 ±69 

255 ±101 

1070 ±271 

>10000 

127-128 C A N O , C.H.N 

125-126 C„Hj,NO, 'C.H.N 

492 ±199 120-121 C„HJ3N01 C.H.N 

5960 ±1330 78-79 C . ^ N O , C,H,N 

1250 ±191 102-104 C^Hj.NO, C.H,'N 

2600 ±190 113-115 C . ^ N O , C.H.N 

2270 ±656 113-115 C^H^NO, C,H,N 

55-57 C,7HjjN03 C, H, N 

4790 ±1860 69-72 C„HííN03 C.H.N 

5830 ± 1740 102-104 C ^ N O , C,H,N 

52.8 ± 18.0 81-84 C ^ N j O , C, H, N 

6220 ± 1920 85-88 C ^ N O , C.H.N 

80-83 C^HjjNp, C,H, N 

2560 ±854 216-219 Ç J H ^ O , C.H.N 

5390 ±165 120-122 C^ .NO , C,H,N 

" K[ valuos for binding are tlie means of three experiments. * Values for binding afTlnity in CHO cells expressing human melatonin 
(MTi) receptor. "ValuCS for binding affinity in syrian hamster brain and pciipherai organs. "Analytlcal resulta are wlthin ±0,4% of the 
theoretical value. 
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Table Z. Effects of (i)-(-)-22b on cAMP Productlon In tlie 
Neonatal Ra: Pltultary" 

IC50 (pM) K, (pM) 

compd cAMP productlon human (MT|) cAMP/Tiuman 

(S)-(-)-22b 20.8 13.8 1.51 
melatonin 79.8 82,3 0.97 

" ICsn values for cAMP productlon were cslculflted from the 
moan data oi wo experimenta each donc In irlpllcato. K values 
for blndlng are the means of three experlments. 

relnforce the blndlng of (5)-(-)-22b in Chis moiety. The 
receptor has many hydrophobic residues at the bottom' 
of the pocket. The hydrophobic interaction at this site 
caused by replaclng the Índole nltrogcn atom in mela-
tonin with a methylene unit would contributo to the 
high afflnity of (S)-(-)-22b. 

Conclusion 

We synthesized a variety of tricyclic Indan analogues 
to maximize afflnity for the MT] receptor in conslder-
ation of the interaction between two vaiuable pharma-
cophores and MTi receptors based on the results of our 
previous Study, The angular indeno[5,4-È)furan struc-
ture serves as an effective, conformationally restrlcted 
blolsostore of melatonin, and the orientation controlled 
by the furan ring and the propanamide slde chain 

exemplified by (S)-(—)-22b most likely represents the 
active conformation durlng melatonin receptor actlva-
tion. 

(5)-(-)-22b showed remarkably high afflnity for the 
human MTi receptor with a /C, value of 13.8 pM, 
whereas ic showed very lowaffinity for the hamster MT3 

receptor with a Ai value of just 2.6 /iM. The affinities 
for MTi and M7> receptors were 6-fold hlgher and 94-
fold lower than those of melatonin. respectively. (S)-
(-)-22b inhlblted forskolin-stimulated cAMP productlon 
ln the neonatal rat pituitary with an IC50 of 20.8 pM, 
Indlcadng that this compound is a MTj agonist. The 
pharmacological effects of (S)-(-)-22b were studied in 
experimental animais. (5)-(-)-22b (0.1 mg/kg, po) showed 
a sleep-promoting action in freely 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 (5)-
(-)-22b is a potent and highly selective agonist for the 
MTi melatonin recepcor, which is expected to be a useful 
therapeutlc for sleep and/or circadian rhythm disorders, 
and a vaiuable tool in pharmacological investigations 
of the structure-activity relationships of melatonergic 
agents. (5)-(-)-22b also showed high afflnity for the MT2 

receptor wlth a K1 value of 0,045 ± 0,018 nM, which 
was 4-fold higher than melatonin (Ai = 0.195 ± 0.051 
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Figure 5. Schematlc model for tlie blndlng of (5)-(-)-Z2b with 
the MTi receptor. 

nM). This affinicy for the MT2 receptor may be related 
to the pharmacological effect of (5)-(-)-22b, Further-
more, we have developed a practlcal mcchod for the 
stereospeclflc synthesis of optically actlvc (5)-(—)-22b 
by transforming the indan rlng Into thc angular cricyclic 
rlng via catalytlc asymmctrlc hydrogenatlon with the 
(5)-blnap—Ru complex. (S)-(—)-22b ls a promlslng drug 
candidate for the treatment of prlmary lnsomnla and 
circadian rhythm disorders and is now under clinicai 
evaluation. 

Experimental Section 

A, Chamistry. Meltlng polnts were determlned on a 
Yenagimoco mlcromeltlng polnc apparatus and are uncor-
rected. Optlcal rotatlons were determlned with a JASCO DIF-
370 digital polarlmeter. Proton nuclear magnetlc resonance 
CH NMR) spectra were recorded on a Varlan Geminl-200 
spectrometer in the solvent Indlcated. Chemical shifts aro 
glven In parts permllllon (ppm) with tetramethylsllane as an 
Internai standard. Abbrevlatlons are used as follows: s. = 
slnglet, d = doublet, t = trlplet, q ^ quartet, m = multlplet. 
br = broad. Coupllng constants (Jvalues) are glvcn in h em 
(Hz). Thln-layer chromatography (TLC) was performed on 
slllca gol 60Fjj4 (Merck), and column chromatography was 
carried out on a slllca. gol column (ICieselgel 60, 0.063-0.200 
mm. Merck). Evaporation was carried ouc In vácuo on a rotary 
evaporator. (£)-2-(6-Methoxy-2,3-dlhydro-l//-lnden-l-y1ldene)-
acetonltrlle (24), G-methoxy-2,3-dlhydro-lW-lnden-l-eth-
anamlne (25), Aí|2-(G-metho\y-2,3-dlhydro-l.tfinden-l-y])ethyl]-
proplonamide (26), 2-(G-methoxy-2,3-dlhydro-l//-lnden-l-yIl. 
dene)ethylamlne (58), M[2-(6-methoxy-2,3-dlhydro-l#-lnden-
l-yJldene)ethyl]proplonamlde (58), and (5)-j\M2-(6-methoxy-
2,3-dlhydro-l//-lnden-I-yl)ethyl)proplonamldc (60) were syn-
theslzed according to a process as dcscrlbcd in the prevlous 
paper. 

2,3*Dlhydro-l-benzofuran-5-carbaldohydo (0).22 Mcthod 
A. Phosphorus oxychiorldc (31,0 mL. 0.333 mol) was slow)y 
addcd to a solutlon of DMF (28.4 mL, 0,366 mol) whlle the 
temperatura was malntained below 50 'C, Then, 2,3-dlhy-
drobenzofuran (5) (20.0 g, 0.1G6 mol) was added dropwlse to 
this rcactian mlxcure at below 50 °C, over a perlod of 10 min. 
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Tho resuiting mixturc was warmcd and stirrcd at 80—85 °C 
for 12 h, The reaction mixturc was then poured Into Ice-water 
and carefuily quenched with a solutlon of sodium hydroxlde. 
The organic material was separeted, and the aqueous layer 
was cxtractcd with cthyl acctatc. It was washed with brlne 
and drlcd over anhydrous magnesium sulfate. Thc flltrate was 
concentrated, and the residue was purified by column chro-
matography with hexane/ethyl acetate (8:2) as eluenr followed 
by dlstillatlon to yleld 23.2 g (86%) of G; bp 93-96 "C/0.2-0.3 
mm Hg. 'H NMR (CDCls): ò 3.28 (t, 2H, 8.8), 4.70 (t, 2H, 
J= 8.8), 0,88 (d, 1H, J= 8.4), 7,67 (dd, 1H, 7 = 1.0, 8.4), 7.75 
(d, 1H, 1.0). 9.83 (s, IH). Anal. (CuH«02) C, H. 

Mcthod B. Tltanium(TV) chloridc (28 mL) was addcd to an 
Ice-cooled solutlon of 5 (10,0 g, 83.2 mmol) and dlchloromethyl 

. methyl ether (11.3 mL, 0,125 mmol) In dlchloromcthanc (100 
mL), After 1 h, the ice-bath was removed and the dark mixturc 
was qucnched by the addltion of Ice-watcr. The aqueous layor 
was dlscarded. and the organic phaüo was washed with water 
and brlne and then dried ovor anhydrous magnaslum sulfate. 
Thc flltrate was concentratod. and the residue was purified 
by column chromatography with hexane/ethyl acetate (1:1) as 
oluenc to yleld 11,4 g (92%) of C as an oll. 

3-(2,3-Dihydro-l-benzofurnn-5-yl)-2-propcnoic Acid (7). 
A mlxcure of G (4.99 g, 33.7 mmol) and malonic acid (5.27 g, 
50.6 mmol) In pyridlne (30 mL) contalnlng plperldlne (0.192 
g, 2.25 mmol) was heated at 100 °C for 4 h. The cooled reaction 
mlxture was conccntrated, and the residue was poured into 
water, It was acldlfled with 6 N HCI and extracted with 
methanol/chloroform (1:9), The extract was washed with brlne 
and dried over anhydrous magnesium sulfate. The nitrato was 
concentrated, and the residue was purified by column chro-
matography with methanol/chlorororm (5:95) as eluent to yleld 
3.98 R (62%) of 7; mp 173-176 °C (from cthyl acetate). 'H NMR 
(CDCIa): 6 3.24 (t. 2H, J= 8.8), 4.64 (t, 2H, J~ 8.8), 6,28 (d, 
1H, J= 15.9), 6.55 (d, 1H. J = 8.2), 7,34 (d, 1H, J= 8.2), 7.44 
(s, 1H), 7,74 (d, 1H, J- 15,9), hldden (1H). Anal. ( C U H I O O J ) 

C, H. 

3.(2,S-Dihydro-l-bonzofuran-5-yl)propanoic Acid (8). 
A solutlon of 7 (3.75 g, 19.7 mmol) In acutic add (50 mL) was 
Subjcctcd to hydrogenatlon in tho presença of 10% palladlum 
on carbon (0.5 g, containing 50% water) In a hydrogen 
atmospherc at room temperatura for 1 h. After absorptlon of 
the theoretlcai volume of hydrogen, thc catalyst was removed 
by (lltration. Thc llltrate was conccntrated and washed with 
hexane to yleld 3.41 g (90%) of 8. Tho anaiytical samplo was 
•btalncd by rccrystolllzation from a mixturc of ethyl acetato 
and hexane; mp 95—98 °C (from ethyl acetate/hexane), 'H 
NMR (CDClj): <5 2.03 (t, 2H, J= 7.5), 2.89 (t. 2H, J= 7.5), 
3.18 (t. 2H, J= 8.8), 4.55 (t, 2H, J= 8.8), 6.70 (d, 1H. J = 
8.1), 6.94 (d, 1H, J= 8.1), 7.04 (s. 1H). hldden (1H). Anal. 
(C„H,Z03) C, H. 

2,3.5,6-Tecrahydro-7/flndeno(5,6-/»)furan-7-one (9). Com-
pound 8 (5.84 g, 30.4 mmol) was added to thlonyl chlorlde (6.64 
mL, 19.9 mol) followed by stlrrlng at 75 "C for 40 min. After 
excess reagent was removed, the residue was dlssolved in 1,2-
dlcliloroethanc (10 mL). One-thlrd of the solutlon of acid 
chloridc in 1,2-dichloroethane was addcd to an ice-coolod 
susponslDn of anhydrous alumlnum chloridc (1.49 g, 11.2 
mmol) In 1,2-dlchloroethane (150 mL). After the mlxture was 
stlrred for 15 min, anhydrous alumlnum chlorlde (2,97 g, 22.3 
mmol) and the rest of the solutlon of acid chlorlde were added, 
followed by stlrrlng at room temperature further for 15 min, 
The reaction mixturc was poured Into ice-water and extracted 
with ethyl acetate, The organic layer was washed with 1 N 
HCl, 1 N NaOH, and brine and dried over anhydrous magne-
sium sulfate. The flltrate was concentrated, and the residue 
was purified by column chromatography with hexane/ethyl 
acetate (7:3) as eluenr and reciystallizcd from a mixturc of 
ethyl acctatc and lsopropyl ethor to yicld 4.09 g (77%) of 9; 
mp 110-111 °C (from othyl acetate/lsopropyl ether). •H NMR 
(CDClj): ò 2.66-2.74 (m, 2H), 2.99-3.07 (m. 2H), 3.27 (t, 2H, 
J= 8.6), 4.64 (t, 2H, J = 8.6), 7.07 (s. 1H), 7.27 (s, 1H). 

2-(2,3,5,6-Tctrahydro-7/íindeno(5,6-i]furan-7-ylldcne)-
acctonltrlle (10). A 60% suspenslon of sodium hydrlde in 
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mineral oll (0,744 g. 18.S mmol) was added to a solutlon of 
dlethyl cyanomethylphosphonate (3,30 g, 18,0 mmol) ln tet-
rahydrofuran (40 mL). The mlxture was stlrred at room 
temperature for 30 min and w® added dropwlse at room 
temperatura to a stlrred mlxture of 9 (2.95 g, 16.9 mmol) in 
tetrahydrofuran (20 mL). After the addltlon was complete, the 
reaction mixturo was stlrred at room temperature a further 2 
h. Wator was added, and the mlxture was extracted wltli ethyl 
acetato. The cxtract was washed with brlne and drled over 
anhydrous magnesium sulfate. The flltrate was concentrated. 
and the resldue was purlfled by column chromatoRraphy with 
hexane/ethyl acetate (1:1) as eluent and reciystalllzed from a 
mlxture of ethyl acetate and hexanc to yicld 2,20 g (66%) of 
10; mp 1 <11-112 °C (from ethyl acetatc/hexanu). 'H NMR 
(CDClj); ó 2,97-3.0'! (m, 2H), 3.06-3.17 (m. 2H). 3.22 (t, 2H. 
7 = 8.6), 4.61 (t, 2H, J-8,6). 5,50-5.52 (m, 1H), 6.84 (s, 1H), 
7.16(5, 1H). 

2-(3,5,6,7-Tetrahydro-2K-indcno[5,G-£i]furQn-7-yl)cthyl-
amlnc (11). A solutian af 10 (2.15 g. 10.9 mmol) In ethanol 
(50 mL) saturated with NH3 gas was subjected to hydrogena-
tlon ln tho presença nf Raney-nlckel (2.0 g washed with ethanol 
two times before use) In s hydrogen atmosphere (480 kPa) at 
40 °C far 5 h. After hydrogen absorptlon ceased, the catalyst 
was removed by nitratian. The filtra te was concentrated to 
yield 2.10 e (95%) of 11 as an oll, which was used directly In 
the next step. 'H NMR (CDClj): d 1.39 (brs, 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 (t, 2H, 7 = 8.6), 4.55 (t, 2H, J= 
8.6), 6.63 (s. 1H). 7.02 (s, 1H). 

M[2-(3,5,6,7-Tctrahydrd-2íf-lndcno(5,6-Z>)íuraiv7-yl)-
ethyljacetamlde (12a). Acetlc anhydrlde (0.16B mL. 1.78 
mmol) was addcd ali at once to a vigorously stlrred solutlon 
of 11 (0,301 g, 1.48 mmol) and aqueous 1N NaOH (2,5 mL) In 
tetrahydrofuran (3 mL) at room temperature. The mlxture was 
stlrred for 30 min at room temperature, and ethyl acetato and 
water were added. The organlc Iayer was washed with brlne 
and drled over anhydrous magnesium sulfate. Tho flltrate was 
concentrated to glve a solld, which was rccrystalllzed from a 
mlxture of ethyl acetate and hexanc to yield 0.280 g (77%) of 
I2a: mp 127-128 °C (from ethyl acetatc/hexane). 'H NMR 
(CDClj): (5 1.48—1.80 (m, 2H). 1.94-2.10 (m, 1H), 1.97 (s. 3H), 
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 (t. 2H. 7 = 8,6), 5.52 (brs, IH), 6,61 
(s. 1H). 7.02 (s, 1H). Anal. (CisHiaNOá C, H, N. 

M[2-(3,5,6,7-Tetrahydro-2//-indcno[5,G-6]furan-7.yI). 
cthyl jpropionamido (12b). Compound 12b was prepared In 
71% yield from propionyl chlorlde and 11 by a method similar 
to that dcscrlbed for 12a; mp 125-126 'C (from etliyl acetate/ 
hexanc), 'H NMR (CDClj): Ò 1.15 (t, 3H, J= 7.6). 1,49-1.80 
(m. 2H), 1,93-2.09 (m, 1H), 2.15-2,41 (m, 3H), 2.65-2.92 (m, 
2H), 3.00-3.19 (m. 3H), 3,33-3.43 (m, ZH). 4.55 (t, 2H, 7 = 
8.6), 5.46 (brs, 1H), 6,61 (s. IH). 7.02 (s, lH).Anal, (C„H t l-
N02) C, H, N. 

N-[2'(3,5,6,7-Tctrahydro-2./Wndcno[5,6-í>]furan-7-yl)-
cthyl lbutanamlde (12c). Compound 12c was prepared In 
72% ylcld from butyryl chloride and 11 by a method similar 
to thatdescribed for 12a; mp 120-121 *C (from ethyl acetate/ 
hexanc), 'H NMR (CDClj): 5 0.94 (t, 3H, 7 = 7,2). 1.49-1,81 
(m. 4H), 1.94-2,18 (Ai, 3H), 2.23-2.40 (m, IH), 2.66-2.92 (m, 
2H). 2.99-3.19 (m, 3H), 3.12-3.43 (m, ZH), 4.55 (t. 2H. 7 = 
3.6), 5.45 (br s, IH), 6.61 (s, IH), 7.02 (s, IH). Anal. (C,7Hz.v 
NOá C. H, N. 

Ethyl 0E)-3-(2,3-Dlhydro-l-benzofuran-5-yl)-2-prope-
noate (13). A 60% suspenslon of sodium hydridn in mineral 
oll (3.39 g. 84,6 mmol) was added to a solutlon of triethyl 
phosphonoacetate (19.0 g. 84.6 mmol) in tetrahydrofuran (150 
mL). The mixturo was stlrred at room temperature for 20 min 
and was added dropwlse at room temperature to a stlrred 
mixturo of 6 (11.4 g. 76,9 mmol) In tetrahydrofuran (15 mL). 
After the addltlon was complete, the reaction mlxture was 
stlrred at room temperature a furthcr 1 h. Water was added. 
and the organlc Iayer was separated. The aqueous laycr was 
extracted with ethyl acetate. Tho extract was washed with 
brine and drled over anhydrous magnesium sulfato. The 

flltrate was concentrated, and the resldue was purifled by 
column chromatography wlch hexanc/ethyl acetate (from 95;5 
to 9:1) as eluent to yield 14.7 g (88%) or i3 as an oll. 'H NMR 
(CDClj); ó 1.33 (t, 3H, J= 7.2). 3.23 (t, 2H, 7 = 8.8), 4.25 (q. 
2H, J~ 7.2), 4,63 (t, 2H, J= 8.8), 6.28 (d, IH, 7 = 16.0). 6.79 
(d, IH, 7 = 8,4), 7.31 (d. IH. J- 8.4), 7.41 (s. IH). 7.64 (d, 
IH, J= 16.0). 

Ethyl 3-(2,3-Dlhydro4-bcit££ifuran-5-yl)propEinoate (14). 
A solutlon of 13 (14.7 g. 66.7 mmol) In ethanol (150mL) was 
subjected to hydrogcnation In the presence of 10% palladlum 
on carbon (1 g. containlng 50% water) In a hydrogen atmo-
sphere at room temperature for 2 h. After tha theoretlcal 
volume of hydrogen was absorbed. the catalyst was removed 
by flltratlon. The flltrate was concentrated to yield 14.6 g (99%) 
of 14 as an oll. which was used directly in the next step. 'H 
NMR (CDClj): ò 1.24 (t, 3H, 7 = 7.2), 2.57 (t, 2H. J= 7.8), 
2.88 (t. 2H, J= 7,8), 3.18 (t, 2H, 7 = 8,6), 4.13 (q, ZH, 7 = 
7.2). 4.55 (t, 2H, 7 = 8.6), 6,70 (d, IH, 7 = 8,2), 6.94 (d, IH, J 
= 8.2), 7.05 (s, IH). 

Ethyl 3-(7-Bromo-2,3-dihydro-l-bcnzofuran-5-yl)pro-
panoatc (15). A solutlon of 14 (14.5 g, 65.8 mmol) and sodium 
acetato (5.94 g. 72.4 mmol) In acetlc add (150 mL) was stlrred 
at room temperature, and bromlne (10.5 g, G5.8 mmol) was 
added dropwlse over a perlod of 15 min. After 1 h at room 
temperature, the mlxture was evaporated under reduced 
pressure. The residual oll was taken up ln ethyl acetato and 
washed successlvcly with aqueous 5% NaHSOj, saturated 
NaHCOj, and H zO before It was drled over anhydrous mag-
nesium sulfate, The flltrate was concentrated to yield 19.2 g 
(97%) of 15 as an oll, which was used directly In the next step. 
'H NMR (CDCM; ò 1.25 (t, 3H, 7-7 .2 ) , 2.57 (t, 2H, 7 = 7,6). 
2,85 (t, 2H, 7 = 7.6), 3.28 (t, 2H, J= 8.8), 4.13 (q. 2H, J = 
7.2), 4.65 (t, 2H, 7 = 8.8), 6,97 (s, IH), 7.11 (s. IH). 

Ethyl 3-(G,7.Dlbromo-2,3-dIhydro-l-bcnzoíuran-5-yl)-
propanoate (I6).ZG A suspenslon of 15 (1.00 g. 3.34 mmol) 
and Iron (10 mg) In acetlc acld (10 mL) was stlrred at room 
temperature, and bromlne (0.801 g, 5.01 mmol) was addcd 
dropwlse over a perlod of 15 min. After the mlxture was stlrred 
for 5 h at 50 °C, iron was removed by flltratlon and concen-
trated under reduced pressure. The residual oll was taken up 
In ethyl acetate, washed suocesslvely with aqueous 5% NaH-
SOj, saturated NaHCOj, and HjO. and drled over anhydrous 
magnesium sulfate. Tlie flltrate was concentrated, and the 
resldue was purlfled by column chromatography with ethyl 
acetate/Iiexane (1:3) as eluent to yield 670 mg (53%) of 16; mp 
42-43 "C (from ethylacetate/hcxane). 'H NMR (CDClj): 6 1.25 
(t, 3H. 7 = 7.3). 2.60 (t, 2H, 7 = 7.7). 3.07 (t. 21-1, J = 7.7), 
3.27 (t. 2H. 7 = 8,8). 4.14 (q. 2H. 7 = 7.3), 4.68 (t. 2H, 7 = 
8.8), 7,06 (s, IH). 

3-(6,7-DIbromo-2,3-dlhydro-l-benzofuran-5-yl)propano-
1c Acld (17). Aqueous KOH (0.138 g. 2.46 mmol) was added 
slowly to an Icc-cooled solutlon oi 18 (0.620 g, 1.64 mmol) in 
EtOH (10 mL). The solutlon was heated at 90 °C for 1 h. The 
mlxture was pourod Into 5 N HCI and extracted with ethyl 
acetato. The extract was washed with brlne and drled over 
anhydrous mBgneslum sulfate. The flltrate was concentrated 
to give a solid. which was rccrystallized from a mlxture of ethyl 
acetato and hexane to yield 0.53 g (93%) of 17; mp 117-118 
•c (from ethyl acetate/hexane). 'H NMR (CDClj): b 2.67 (t. 
2H, J= 7.5), 3.08 (t, 2H, 7 = 7.5), 3.27 (t, ZH. 7 = 8,8). 4.68 
(t, 2H, 7 = 8,8). 7.07 (s, IH), hldden (IH). 

4,5-DIbromo-l,2,6,7-tctrahydro-8/í-lndeno(5,4-fc)furan-
8-onc (18). Compound 18 was prepared ln 88% ylcld from 17 
by a method similar to that deserlbed for 9; mp 224-226 "C 
(from chloroform/lsopropyl ether). 'H NMR (CDCla): i 2,72 (t. 
ZH, 7 = 5.9), 3.05 (t, 2H. 7 = 5.9), 3,55 (t, 2H. 7 = 9.0). 4.79 
(t. 2H. 7 ° 9.0). 

l,2,6,7-Tctrahydro-8ií-indciio[5,4-i]furan-8-ONG (19). A 
solutlon of 18 (0.349 g, 1.05 mmol) in AcOH (150 mL) was 
subjectod to hydrogcnation in the presence of 10% palladlum 
on carbon (0.45 g, containlng 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 flltratlon. The flltrate was concentrated, and the resldue 
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Was dissolved in ethyl acetato. This solution was washed with 
water and saturated aqueous NaHCOa and dried over anhy-
drous magnesium sulfate. The flltrate was concentrated, and 
the residue was purified by cnlumn chromatography to yleld 
0.163 s (89%) of 19; mp 133-134 *C (from ethyl acetate/ 
hexane). 'H NMR (CDCIj): d 2.(38 (c, 2H, J= 5,0), 3.08 (t, 2H, 
J = S.S). 3.47 (t, 2H, J= 8.8), 4.65 (t, 2H, J= 8.8), 7.01 (d. 
1H, J= 8.1), 7.21 (d, 1H, J= 8.1). Anal. (C,,H,uOz) C, H, 

2-(l,2,6,7-Tetrahydro-8í/-indcno[5,4-£]furnn-8-ylidenc-
)aeetonitriIe (20). CDmpnund 20 was prepared In 00% yleld 
from 19 by a method similar to that described for 10; mp 149-
151 4Ç (from methanol), 'H NMR (CDCla): ò 3,00-3.20 (m, 
4H), 3.31 (t, 2H, J= 8.8), 4.67 (c, 2H, J= 8.8), 5.45 (t, 1H, J 
= 2.4). 6.86 (d. 1H, J= 8.1). 7.11 (d, 1H, J= 8.1). Anal. (C13H„-
NO) C. H, N. 

2-(l,6,7,8.Tetrnhyclro-2/findeno(5,4^]furan-8-yl)cthyl-
amine (21). Compound 21 was prepared ln 81% yleld from 
20 by a method similar to that described for 11 as an oll. 'H 
NMR (CDCIj): ô 1.42-2.3S (m, 4H), 2.64-2.98 (m, 4H), 3.07 — 
3.38 (m. 3H). 4.41-4.70 (m. 2H), 6.61 (d, lH, 7=8.1), 6.95 (d, 
1H. J — 8.1), hiddon (2H). 

Ar-[2-(1.6,7,8-Tctrahydro-2/í-indono[5,4-Z)]furajni-8-yl)-
cthyl]acctamidc (22a). Acetlc anhydrldc (0.050 mL, 0.S28 
mmol) was added ali at once to a vlgorously stlrred solution 
of 21 (71,6 mg, 0.352 mmol) and aqucous 1 N NaOH (l.S mL) 
ln tetrahydrofuran (1,5 mL] at room temperatura. Aíter the 
mlxture was stlrred for 30 min at room temperatura, ethyl 
acetate and water were added. The arganic layor was washed 
wltll brlne and drled over anhydrous magnesium sulfate. The 
flltrate was concentrated to glve a solid. which was recrystal-
Uzed from a mlxture of ethyl acetate and hexenc to yleld 57.0 
mg (66%) of 22a: mp 78-79 °C (from ethyl acetate/hexane). 
'H NMR (CDCIJ: ò 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. 51-1). 4.45-
4.68 (m, 2H), 5.46 (br s. 1H). 6.62 (d. 1H. J= 8.0). 6.96 (d. 1H, 
J- 8,0), Anal. (C,sHinNOj) C. H. N. 

A/.[2.(l,6,7,8-Tctrahydi-o-2«"-lndenol5,4-í)]ruran-8-yl)-
cthyljproplonamlde (22b). Compound 22b was prepared In 
78% yleld from propionyl clilorlde and 21 by a method similar 
to that described for 22a: mp 102-104 °C (from Isopropyl 
ether/hcxanc). 'HNMR (CDCW: ò 1,14 (t. 3H. J- 7.6), 1.55-
2.38 (m, 4H). 2.18 (q. 2H. J= 7.6), 2.69-2.99 (m. 21-1). 3.02-

3.40 (m, SH), 4.42-4.63 (m, 2H), 5.61 (br s. 11-1), 6.62 (d. 1H, 
7 = 7.8), 6,95 (d, 1H, J = 7,8), Anal. (C,0Hz,NO2) C, H. N. 

JV-[2-(l,C,7I8-Tqtrahydro-2«-indeno[5,4-6]ruran-8-yl)-
ethyllbutanamide (22c). Compound 22c was prepared ln 
67% yleld from butyryl chlorlde and 21 by a method similar 
to that described for 22a: mp 55-57 °C (from ethyl acetate). 
'H NMR (CDCIJ: Ò 0.94 (t, 3H. _/ = 7,3), 1.51-1.90 (m. 4H). 
1.92-2,08 (m, 1H), 2.12 (t, 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, 8.0), 6.96 (d, 1H, J- 8.0). Anal. 
(CuHaNOz) C. H. N. 

Ar-[2-(5-Eromo-C-methoxy-2,3-dIhydro-l//-lnden-l-yl)-
othyllproplonamide (27). Compound 27 was prepared In 
86%yleld from bromlne and AM2-(6-mcthoxy-2,3-dihydro-lH-
lnden-l-yl)ethyl]proplonamlde (26) by a method similar to that 
described for 15; mp 105-107 °C (from ethyl acetate). 'H NMR 
(CDCIj): <5 1.16 (t, 3H. J- 7.6), 1.49-1.82 (m. 2H). 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. 2I-I, J = 7.1), 3.88 (s, 3H), 5.50 (br s, 
2H), 6.78 (s, 1H), 7.37 (s. 1H), Anal. (CisHZoBrN02) C, H. N. 

Ar-[2-(5-Bromo-6-hydroxy-2,3-dihydro-l//-indcn-l-yl)-
ethyllproplonamldc (28). A solution of 27 (26.0 g. 79.7 
mmol) ln dlchloromethane (400 mL) was cooled to -20 'C In 
a solid COj-CCl, bath, and BBr3 (40.1 g, 0.160 mol) was then 
added slowly by syrlngo. The reactlon was sllowed to proceed 
for 1 h as the cooling bBth gradually warmed to room 
temperature. The reactlon mlxture was poured Into Ice-water 
and extracted with ethyl acetate, The organlc layer was 
washed with water and drled over anhydrous magnesium 
sulfate, The flltrate was concentrated. and the residue was 
purlfled by column chromatography with ethyl acotate as 
eluent to yleld 21.4 g (86%) of 28; mp 149-151 °C (from ethyl 
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acetate). 'H NMR (CDCIj): 6 1.16 (t, 3H, J = 7.5). 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 
= 7,1), 5.82 (br s, 1H), 6.86 (s, IH), ,7.27 (s, 1H), hidden (IH). 
Anal. (CMH,„BrNOz) C, H, N, Br, 

AA(2»(5-Bromo-6-(isopropenyloxy)-2,3-dihydro-l//-ln-
(len-l-yl)ethyI]propionajnide (29). A 60% suspension of 
sodlum hydride ln mineral oll (0.648 g, 16.2 mmol) was added 
slowly tD an ice-cooled solution of 28 (4.21 g, 13.5 mmol) In 
DMF (50 mL). After 30 min, by which time gas evolutlon Iiad 
ceased, 3-chloro-2-mechylpropane (3.67 g, 40.5 mmol) was 
added cautlously, and stlrrlng was contlnucd at 0 "C for 90 
min. The mlxture was made sllghtly acldlc by the eareful 
•dditlon of a few drops of dllute HC1 and then partltloned 
between ethyl acetate and H20. The organlc layer was washed 
with water and drled over anhydrous magnesium sulfate. The 
flltrate was concentrated, and the residue was purlfled by 
column chromatography with hexane/ethyl acetate (1:2) as 
eluent to yleld 4,15 g (84%) of 29; mp 105-108 °C (from ethyl 
acetate/hexane). 'HNMR (CDCI,): <51.16 (t, 3H, J=7.6), 1.86 
(s, 3H), 1.9-2.4 (m, 6H), 2,80 (m, 2H), 3.08 (m, 1H). 3.38 (q. 
2H, 7.6). 4,47 (s, 2H). 5,00 (s. 1H), 5.17 (s, 1H), 5.40 (brs, 
1H). 6.76 (s, 1H). 7,37 (s, 1H). Anal. (C.NH^BrNOá C, H. N. 
Br. 

Ar-(2-(5-Bromo-6-hydroxy-7-(2-mothyI-2-propenyl)-2,3-
dlhydro-l/f-indcn-l-yl)cthyl]propionainido (30). A sus-
penslon of 29 (4.29 g, 11.7 mmol) in A/.Afdlethylaniline (30 
mL) was heatod at 200-205 °C for 2.5 h under an atmosphere 
ofargon. The exeass N.Wdlothylanlline was rqmoved in vácuo. 
The residual oil was token up in ethyl acetate, washed 
successively with a brlne soluclon and HjO, and then drled 
over anhydrous magnesium sulfate. The flltrate was concen-
trated, and the residue was purlfled by column chromatogra-
phy with heXane/ethyl acetate (2:1) as eluent to yleld 3.90 g 
(91%) of 30: mp 89-91 "C (from ethyl acetate/hexane), 'H NMR 
(CDCIJ: ò 1.14 (t. 3H, J = 7.6), 1,40-1.80 (m, 2H), 1,80 (s, 
3H), 1.90-2.10 (m. 2H), 2.17 (q, 2H, J= 7.6), 2.60-3.50 (m, 
7H), 4.49 (s, 1H), 4,79 (s, JH), 5.32 (br s. IH), 5.47 (s, 1H), 
7.21 (s, IH), Anal. (C„H2,BrN02) C, H, N, Br. 

Ar-[2-(2,2-Dlmethyl-l,6,7,8-tetrahydro-2/íindcno(5,4-i»]-
furan-8-yl)ethvl)proplonamide (31). Boron trlfluorlde dl-
ethyl etherate (4.12 mL, 32,5 mmol) was added slowly to an 
Ice-cooled solution of30 (2.38 g, 6.50 mmol) ln dlchloromethane 
(40 mL), and stlrrlng was contlnued at 0 °C for 3 h, Tlie 
reactlon mlxture was poured Into Ice-water and extracted with 
ethyl acetate. The organlc layor was washed wltli water and 
saturated aqueous NaHCOj and drled over anhydrous mag-
nesium sulfate. The flltrate was concentrated to glve a solld. 
which was recrystalllzed from a mlxture of ethyl acetate and 
Isopropyl cthor to yleld 2.12 g- (89%) of JV-[2-(4-bromo-2.2-
dlmethyI-l,6,7,8-tetrahydro-2/í-lndeno(5,4-i]furan-8-y))ethyl]-
propionamlde: mp 98—101 °C (from ethyl acetate/isopropy) 
ether), 'HNMR (CDCI.i); ô 1.15 (t, 3H, J= 7.5), 1.48 (s. 3H), 
1.54 (s, 3H), 1,76-2.02 (m. 2H), 2.19 (q. 2H. J- 7.5). 2.25-
2.3B (m, IH). 2.62-3.16 (m, 6I-I). 3.32 (q. 2H, J= 5.3), 5.41 
(brs. 1H).7.11 (s.11-1). Anal. Celcd for CinH2,BrNOí: C, 59.02; 

H, 6.60: N, 3.82; Br. 21,81, Found: C, 58.94; H, 6.48; N, 3.98; 
Br, 2).97. 

A solution of the proplonamlde (1.06 g, 2.90 mmol) and EtjN 
(0,808 mL, 5.80 mmol) In ethanol (15 mL) was subjected to 
hydrogenatlon in the presenee of 10% palladium on carbon 
(0.11 g. containlng 50% water) in a hydrogen atmosphere at 
room temperature for 1 h and 50 'C for 30 min, After hydrogen 
absorption had ccascd, the catalyst was removnd by flltration. 
Tha flltrate was concentrated and recrystalllzed from a 
mlxture of ethyl Bcetate and isopropyl ether to yleld 0.635 g 
(76%) of 31; mp 69-72 *C (from ethyl acetate/lsopropyl ether). 
'H NMR (CDCIj): ò 1,14 (s. 3H), 1.43 (s, 3H), 1,50 (s. 3H), 

I.60-2.10 (m, 2H), 2,13 (q, 2H, J= 7.5), 2.24-2.40 (m. IH). 
2.60-3,20 (s. 6H), 3,35 (q, 2H, 5.3), 5.39 (br s, IH), 6.55 
(d, IH, J-7.6), 6.95 (d. IH. J= 7,6). Anal. (C,»H2íNOi) C. H. 
N. 

2-(C,7-Dlmcthoxy-2,3-dihydro-l/í-Indcn-l-yndcnc). 
acetonitrile (33). Compound 33 was prepared in 81% yleld 
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from CJ-dirnethoxy-l-Indanone31 (32) and dlethyl cyanometh-
ylphosphonate by a method similar to that descrlbed for 10: 
mp 111-113 °C (from cthyl acotate). 'H NMR (CDC1,): i 2,95-
3.15 (m, 4H), 3,87 (s. 3H). 3.91 (s, 3H), 6.24 (t. 1H. J= 2.4). 
6.95 (d, 1H, J= 8.6), 7.00 (d, 1H, J= 8.0). Anal. (C„H13NOz) 
C. H. N. 

2-(6,7-Dimcthoxy-2,3-dihydro-l.f/-indcn-l-yl)ethyl-
aminc (34). A soluclon of 33 (20,0 g, 92.9 mmol) ln ethanol 
(760 mL) saturated wlth NH3 gas was subjectcd to hydrogena-
tion ln the presence of Raney-cobalt (45 g washed wlth ethanol 
two times before use, ODHT-60, availablo through Kawaken 
Co.) In a hydrogen atmosphere (<180 kPa) at room temperature 
for 7 h. After hydrogen absorptlon liad ceased, the catalyst 
was removed by flltration. The filtratu was concentrated Co 
yleld 20.4 g (quant) of (£)-2-(6.7-dlrnethoxyindan-l-ylldene)-
ethylamlne as an oll. (£)-2-(0,7-Dlmethoxylndan-l-yIldene)-
ethylBmlne (10.0 g, 45.Ò mmol) was dlssolved ln ethanol (100 
mL), and the mlxture was subjectcd to hydrogenation ln the 
presence oi 10% palladlum on carbon (1.0 g. contalnlng 50% 
water) ln a hydrogen atmosphere at room temperature for 2 
h. After absorptlon of the theoretlcal volume of hydrogen, the 
catalyst was removed by flltration, The flltrate was concen-
trated to yleld 20.6 g (quant) of 34 as an oll. which was used 
diructly in the next step. This oll was dlssolved In ethanol 
saturated wlth I-IC1 gas. The resulting solld was collected and 
recrystalllzed from ethanol to yleld 34-HC1 (78%); mp 141 — 
1-13 °C (from ethanol). 'H NMR (DMSO-ctó: ò 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), 7.09 (br s, 2H), Anal. (CuHwNOz-HCl) C, H, N, Cl, 

At-(2-(6,7-Dimethoxy-2l3-dihydro-li/-indon-I-yJ)ethylI-
propionamide (35), A soluclon of proplonyl chlorlde (3,89 g, 
42.0 mmol) was added dropwlse to an Ice-cooled solutlon of 
34 (7.15 g, 32.3 mmol) and trlethylamlne (6.54 g, 64.6 mmol) 
ln tetrahydrofuran (80 mL). Aftor the mixture was stirred for 
3 h at room tempera curo. ethyl acetato and wacer were added. 
The organlc layer was washed wlth water and drlcd ovcr 
anhydrous magneslum sulfate. The flltrate was concentrated. 
and the resldue was purlfied by column chromatography wlth 
methanol/ethyl acctate (1:99) as oluont to yleld 7.72 g (86%) 
of 35; mp 90-92 °C (from cchyl acetate/hexane). 'H NMR 
(CDClj): ò 1.14 (t, 3H, J= 7,7). 1,70-1,94 (m, 3H), 2.10-
2.36 (m, 1H), 2.18 (q. 2H, J = 7.7). 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, 7 = 8.0), 6.90 (d, 1H. J= 8,0). Anal. (CioHjjNOs) C, H, N. 

Ar-(2-(6,7-DlUydroxy-2.3-dihydro-l/f-inden-lyl)othyl]-

propionamlde (36). Compound 36 was prepared In 73% yleld 

from 35 and BBr3 by a method similar to that descrlbed for 

28; mp 08-101 °C (from ethyl acetate/hexane). 'H NMR 

(CDClj): & 1.21 (t, 3H. 7 = 7.5). 1.60-1.98 (m, 3H), 2.10-

2.30 (m, 1H). 2.31 (q, 2H. 7 = 7.5), 2.60-3.15 (m, 3I-I), 3.22-

3.40 (m. 1H), 3.52-3.75 (m. 1H). 5.95 (s, 1H). 6.01 (brs, 1H), 

6.63 (d, 1H, J= 7.9), 6.74 (d, 1H, 7 = 7,9), 9,62 (s, 1H). Anal, 

(CHHIBNOS) C. H. N. 

/V-[2-(7,8-Dlhydro-6/í-Indeno[4,5-d)(Ir3jdIoxol-8-yI)cth-
yl lpropionamldc (37). A 60% suspenslon oísodlum hydrlde 
In mineral oll (0,300 g. 7.50 mmol) was added to an iec-coolcd 
solutlon of hcxamethyl phosphoramlde (5 mL). This mlxture 
was stlrred for 10 min, and then, a solutlon of 3G (0,850 g, 

3.41 mmol) In hexamethyl phosphoramide (5 mL) was added 
dropwlse at room temperature ovcr a perlod oC 6 min. After 
gas ovolutlonhad subslded, dllodomechane (1.10 g, 4.10 mmol) 
WBS added dropwlse and the reaction mlxture was stlircd at 
room temperature for 2 h, Then, the mlxture was made sllghtly 
acldic by üie eareful addltlon ofa fow drops of dilute HC1 and 
parcitloned betwecn cthyl acetate and HjO. The organlc layer 
was washed wlth water and drled over anhydrous magneslum 
sulfate. The flltrate was concentrated. and the resldue was 
purlfied by column chromatography wlth echy] acetate as 
eluent to ylald 280 mg (31%) of37; mp 102-104 °C (from ediyl 
acetate/hexane). 'H NMR (CDClj): <5 1,16 (t, 3H. 7 = 7.7), 
1.70-1.89 (m, 2H). 1.90-2.10 (m, 1H), 2.15-2.40 (m, 1H), 2.20 
(q, 2H, J= 7.7), 2.68-3,00 (m. 2H), 3.13-3.36 (m, 21-1). 3.40-

Uchlkawa et ai. 

3,59 (m, 1H), 3.68 (br s, 1H), 5.92 (dd, 2H, 7 = 1.5. 9.9), 6.67 

(s, 2H). Anal, (CisHijNO,) C, H. N. 

G-Methoxy-7-nltro-I-lndanonc (38). A solutlon of potas-
slum nltrate (24.3 g, 0,240 mol) ln concentrated sulRiric acid 
(100 mL) was added slowly to a solutlon of 23 (30.0 g, 0.185 
mol) ln concentrated sulfurlc add (130 mL) at -10 °C. The 
reaction mlxture was stlrred at -10 "C for 20 min. It was then 
pourcd Into Icc-water and extractcd with cthyl acetate. The 
organlc layer was washed wlth Water and saturated aqueaus 
NaHCOj and drled over anhydrous magneslum sulfate. The 
filtrate was concentraCed to glve a solld, which was reeryscal-
lizcd from a mlxture or ethyl acetatc and hexane to yleld 22.3 
g (58%) 0f38; mp 155-158 "C (from ethyl acetate/hexane). 'H 
NMR (CDClj): d 2.78 (c, 2H, J= 5.6), 3.13 (t, 2H, J= 5.6), 
3.94 (s. 3H), 7.34 (d. 1I-I. 7 = 8.4), 7.56 (d. 1H, J= 8.4), Anal. 
(CioHoNOi) C, H, N. 

2-(G-Mcthoxy-7-nitro-2,3-dihydro-l//-lnden-l-ylideno)-
acctonitri lc (39). Compound 39 was prepared ln 84% yleld 
from 38 and dlethyl cyanomethylphosphonate by a method 
similar TD that descrlbed for 10: mp 138-141 "C (from ethyl 
acoCate/lsopropyl ether). 'H NMR (CDClí); 4 3,00-3.20 (m, 
4I-I), 3.92 (s. 3H), 5,42 (t. 1H, 7 = 2,0), 7.14 (d, 1H. 7 = 8.0), 
7.43 (d, 1H, 7 = 3.6). Anal. (C,íHl0N2Oa) C, H, N. 

2-(7-Amino-6-metho*y-2)3-dlhydro-l//-lndcn-l-ylidcnc)-
•cctonitr l lc (40). Compound 40 was prepared ln 70% yleld 
from 39 by a method similar to that descrlbed for 14; mp 119-
121 "C (from cthyl acetate/hexane). 'HNMR (CDClj); d 2.90-
3.20 (m. 4H). 3.87 (s, 3H), 4.23 (brs, 2H), 5,60 (t, IH, 7 = 2.2), 
6.69 (d, 1H, J= 8.0), 6.84 (d. 1H, 7 = 8.0). 

At[2-(7-Amlno-C-mothoxy-2,3-dihydro-l//-indcn-l-yl)-
cthyl jpropionamide (41). 3-(2-Amlnoethyl)-5-methoxy-2,3-
dihydro-1 A/-lnden-4-y]amlne was prepared from 40 and Raney-
nlckel by a method similar to that descrlbed for 11, which was 
used dlrectly ln the next step, Proplonlc acid (0,852 g, 11,5 
mmol) was added slowly to an ice-cooled suspenslon of 1-ethyl-
3-(3-dimechyIaminopropyl)carbodllmldehydrochlorlde (3.30 g, 
17.2 mmol) and l-hydroxybenzotrlszole monohydrate (2.21 g, 
14.4 mmol). The mlxture was stlrred at room temperature for 
1 h and then recooled to 0 'C, A solutlon of 3-(2-amlnoechyl)-
5-methoxy-2,3-dlhydro-l//-lnden-4-ylamlnc (2.00g, 9.70 mmol) 
ln DMF (10 mL) was added, and the reaction temperature was 
ralsed to room temperature. After 30 min, the reaction mlxture 
was poured into water and extracted wlth ethyl acetate, The 
extract was taken up ln dilute HC1. and the water layer was 
•baslfled wlth a 4 N aqueous solutlon of sodium hydroxide to 
pH 10, The mlxture was then extracted several times wlth 
ethyl acetate, The comblned extracts were drled over anhy-
drous magneslum sulfate. The flltrate was concentrated, and 
the resldue was purlfied by column chromatography wlth 
ethanol/cthyl acetate (1:10) as eluent to yield 1,02 g (40%) of 
41: mp 71-73 "C (from cthyl acecatc/isopropyl ether). 'HNMR 
(CDClí): <5 1.09 (t. 3H. J= 7,5), 1.6-2.0 (m. 3H). 2.12 (q. 2H, 
7 = 7.5), 2,25 (m. 1H). 2.7-3.2 (m. 3H). 3.34 (q. 2M. 7 = 5.0). 
3.80 (brs. 2H), 3.83 (s. 31-1). 5.67 (br s, 1H), 6.5D (d, 1H, J = 
8.0). 6.66 (d, 1H, 7=8 .0 ) . 

A^2*(7-Ami«o-6-hydroxy-2,3-dihydro-lW-indon-l-y])-
cthyl jprôpionamide (42). Compound 42 WBS propnred in 
88% yleld from 41 and BBrj by a method similar to that 
descrlbed for 28 as an oll. 'H NMR (CDClj): i 1.11 (t, 3H, J 
= 7,5), 1.60-2.00 (m, 3H), 2,14 (q, 2H, 7 = 7.5), 2,23 (m, 1H), 
2,70-2.90 (m, 2H), 3.19 (m, 1H). 3,34 (q, 2H, J= 5,1), 4.10 
(brs, 2H), 5.69 (brs, lH), 6.52 (d, 1H, J= 7.6). 6.60 (d, 1H, J 
= 7.6), hldden (1H). 

/V-[2-(7,8-Dlhydro-6//-lndcno[4,5-d][l,31oxazol-8-yl) eth-
yl] proplonamide (43). A solutlon of methyl ortlioformate 
(7.36 mL, 67.3 mmol) and methanol (1.4 mL) saturated wlth 
HC1 gas was added dropwlse to an Icc-coolcd solutlon of 42 
(670 mg, 2.70 mmol) ln müthanol (5 mL). The mixture was 
Stlrred at room temperature for 30 min and then at 60 °C for 
1 h. The reaction mlxture was poured Into Ice-water and 
extracted wlth çhlonoform, The organlc layer was washed wich 
water and saturated aqueous NaHCOj and drled over anhy-
drous magneslum sulfate. The flltrate was concentrated. and 
the resldue was purlfied by column chromatography wlth 
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chloroform/methanol (20:1) as eluent to yleld 425 mg (61%) of 
43; mp 81-84 °C (from ethyl acetate/lsopropyl ether). 'H NMR 
(CDClj); ò 1.20 (t, 3H, J = 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 = 8.3). 8.09 (s, 114), Anal. (CisHuNzOa) C, H, N. 

Ar-f2-(5-Bromo5-(2-propynyloxy)-2,3dihydro-l//-inden-
l-yl) ethyl) prop ionamide (44). Compound 44 was prepared 
In 99% yleld from 28 and propargyl bromide by a method 
similar to that dcscribed for 29; mp 104-107 'C (from ethyl 
acetatc/hoxane), "W NMR (CDClj: ò 1.16 (t, 3H, J = 7.6), 
1.50-2.40 (m, 6H), 2.55 (t, 1H, J= 2,3), 2.7-3.2 (m, 3H), 3.38 
(t, 2H, J = 7.S), 4.76 (d, 2H, J= 2.3). 5.48 (brs, 1H), 6.93 (s. 
1H), 7,38 (s, IH). Anal. (C,7HZoBrN02) C, H, N, Br. 

Ar-[2-(5-Bromo-3,7,8,9-tetrahydrocyclopcntalflchromcn.. 
9-yl)ethyl]proplonamlde (45). A mlxture of44 (2.94 g, 8.40 
mmol) In bromobenzene (30 mL) was heated at 200 °C for 18 
h In a stainless steel bomb. The reaction mixturc was coolcd 
to room temperaturc, and the solvent was evaporated to 
dryness in vácuo. Tho residue was purified by column chro-
matography with ethyl acetate as eluent to yleld 2,59 g (88%) 
of 45: mp 110-111 "C (from ethyl Bcetate/hexane). 'H NMR 
(CDClj): ò 1.14 (t, 3H, J = 7,5), 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, IH), 5.88 (dt, 1H, J= 10, 3.8), 6.45 
(dd, IH, 7 = 1.6,9.8), 7.18 (s, IH). Anal, (C,7H2<,BrNOz) C, H. 
N. Br. 

A,-[2-(3,2,3,7,8,9-Hexahydrocyclopcnta[/"]chromen-9-
yl)cthyl]proplonamldc (46). A solutlon of 45 (210 mg, 0.600 
mmol) In ethanol (5 mL) was subjected to hydrogenatlon In 
the presence of 10% palladlum on carbon (200 mg, contalnlng 
50% water) In a hydrogen atmosphere at room temperaturc 
for 3 h. After hydrogen absorption had ccased, the catalyst 
was removed by flltratlon. The flltrate was conccntrated. and 
the residue was purified by column chromatography with 
hoxanc/athyl acetBte (1:1) as eluent to yleld 139 mg (85%) of 
40; mp 85-88 °C (from ethyl acetate/lsopropyl ether), 'H NMR 
(CDClj): 6 1.16 (c, 3H, 7 = 7.6), 1.80-2.10 (m, 6H), 2.15 (q, 
2H, J= 7.6), 2.60-3.50 (m, 7H), 4,00-4.30 (m, ZH). 5.35 (br 
s, IH), 6.63 (d, IH. 7 = 8.2), 6.94 (d. IH, 7 = 8.2). Anal. (C,7Hu-
NOd C, H, N. 

6-Hydroxy-7-nitro-l-indanone (48). Compound 48 was 
preparod in 61% yleld from 47 and potasslum nltrate by a 
method similar to that descrlbed for 38; mp 218-220 'C (from 
ethanol/hexane). 'H NMR (CDiOD): <5 2.37 (t, 2H, J = 5.5), 
2.74 (t. 2H, 7 = 5,5), 2.95 (s, IH), 6,95 (d, IH, J = 8.4), 7.15 
(d, IH, .7=8.4). 

Ethyl 2-[(4'Nltro-3-oxo-2,3-dihydro-l/íinden-5-yl)oxy)-
acctatc (49). Compound 49 was prepared in 94% yleld from 
48 and ethyl bromoacetate by a method similar to that 
descrlbed for 29; mp 137-139 °C (from ethyl acetate/hexane). 
'H NMR (CDCls): <5 1.29 (t. 3H, 7 = 7,1), 2.79 (t. 2 H 6 . 0 ) , 
3.14 (t. 2H, J = 6.0), 4.25 (q. 2H. J= 7.1). 4.74 (s. 2H), 7.25 
(d. IH, J= 8.4), 7.55 (d, IH. ./ = 8.4). 

Ethyl 2-((4-Amino-3-oxo-2,3-dihydro-liílndcn-5-yl)-
oxyjacetatc (50). Compound 50 was prepared In 98% yleld 
from 49 by a method similar to that descrlbed for 14 and used 
in the next reBction wlthout further purlflcation. 'H NMR 
(CDCb); ó 1.29 (t, 3H, 7 = 7.1), 2.30-3,00 (m, 4H), 4,28 (q, 
2H, 7 = 7.1), 4.61 (s, ZH), 5,89 (br s, 2H), 6.53 (d, IH, J = 
S.Z). 6.87 (d, IH. 7 = 8.2). 

7,8-Dlhydroindcno[5,4-6][l,4]oxazinc-Z,9(l//',3/J)-dl-
one (51), A mlxture of 50 (8.70 g, 34.9 mmol) and potasslum 
«rr-butoxlde (404 mg, 3.60 mmol) In toluene (200 mL) was 
heated at rcilux for 12 h under an atmosphere of argon. Thc 
reaction mlxture was cooled to room temperature and poured 
into water, It was then mede sllghtly acldlc by careful addltlon 
of a few drops of dllute HC1 and partltloned between ethyl 
acetate and HzO. The organic layer was washed with water 
and dried over anhydrous magnesium sulfate. The flltrate was 
concentrated, and the residue was purified by column chro-
matography with ethyl acetatc/hexano (1:1) as eluent to yleld 
4.8 g (66%) of 51: mp 136-139 "C (from ethyl acetate/hexane). 
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'H NMR (CDClj): <5 2,74 (t. 2H, 5.8). 3.10 (t. 2H, 7 = 5.8), 
4,66 (s. 2H), 7.01 (d. IH. J- 7.2). 7.17 (d. IH, 7.2), 9.52 
(br s, IH). 

2-(2-Oxo-2,3,7,8-cetrahydroindeno[5,4-i] [l,4]oxazln-
9(l.H)-yIidone)aectonitrilc (52). Compound 52 was prepared 
In 86% yleld from 51 and dlethyl cyanomethylphosphonate by 
a method similar to thBt descrlbed for 10; mp 158-101 °C 
(from çhloroform). <H NMR (CDClj); b 3.00-3.20 (m, 4H). 4.62 
(5, 2H), 5.62 (t, IH, 7 = 2,3), 6,97 (d. IH, J= 8.2), 7.06 (d, IH, 
J= 8.2), 8.07 (br s, IH), Anal, (CuHwN-A) C, H, N, 

9-(2-Amlnocthyl)-l,7,8,9-tctrahydroindeno[5,4'/»][l,4]-
oxazln-2(3fl)-onc (53). A solutlon of 52 (3.00 g, 13,3 mmol) 
In ethanol (300 mL) saturated with NHj gas was subjcctcd to 
hydrogenatlon ln the presence of Raney-nlckel (14 g washed 
with ethanol two times beíore use) in a hydrogen atmosphere 
(480 kPa) at 40 °C for 6 h. After hydrogen absorption had 
ccased, the catalyst was removed by filtration and tho ílltrate 
was concentrated. The residue was taken up into 50 mL of 
ethyl acctatc. and thc product was extracted with 50 mL of 2 
N HC1. The aqueDus extracts were comblned and rendered 
strongly bHslc with the addltlon of a 4 N aqueous solutlon of 
sodium hydroxlde to pH 10. Tho free base was then extracted 
scvcral times with chloroform/methanol (10:1).The comblned 
extracts were dried over anhydrous magnesium sulfate. The 
flltrate was concentrated to glve a solld, whlch was recrystal-
lized from a mlxture of ethyl acetate and isopropyl ether to 
yleld 1.95 g (62%) of 53; mp 128-134 "C (from ethyl acetate/ 
Isopropyl ether). 'HNMR (CDClj): ò 1.40-1.90 (m, OH), 2.20-
2.50 (m, 2H), 2.70 (dd, IH. J= 8.0. 15.4), Z.90-3.00 (m, 2H), 
3.40 (q, IH. 7 = 7.9), 4.44 (d. IH, 7 = 15.0), 4.58 (d, IH, J-
15.0), 0.75 (d, IH, 7 = 8.0), 6.79 (d, IH, 7 = 8.0). Anal. 
(C,3H,ON202.0.25HZ0) C, H, N. 

2-(l,Z,3,7,8,9-Hcxahydroindcno[5,4-/>][l,4]oxazln-9-yl)-
ethylamlnc (54). A solutlon of 53 (1.23 g, 5.30 mmol) was 
dlssolvcd In dry tetrahydrofuran (30 mL) and added dropwlse 
to a stlrrlng lce-cooled suspenslon oi LIAIH4 (0.812 g, 21.4 
mmol) In tetrahydrofuran (5 mL), After the addltlon was 
complete, the mlxture was heated at reílux for 18 h under an 
atmosphere of argon. The mlxture was then cooled in an lce 
bath, and the excess L1A1H< was dccomposcd by the careful 
addltlon oi water (4 mL). The mixturc was filtered through a 
Cellte pad, the íllter cake was rinscd woll with ethyl acetate. 
and the solvent was removed by rotary vacuum evaporatlon. 
The residue was taken up Into 50 mL of ethyl acetate. and 
the product was extracted with 50 mL or 2 N HC1. The aqueous 
extracts were comblned and rendered strongly basic with the 
addltlon of a 4 N aqueous solutlon of sodium hydroxido to pM 
10. The free base was then extracted scveral times with 
chloroform/mcthanol (10:1). The comblned extracts were dried 
over anhydrous magnesium sulfate, The flltrate was concen-
trated to yleld 0.93 g (80%) of 54 as an oll, whlch was used 
dlrectly In the next step. 'H NMR (CDCI3); ò 1.10-3,20 (m, 
12H), 3.41 (m, 2H), 4.20 (m, 2H), 6,49 (d. IH, 7 = 8.0), 6,61 
(d. IH, J — 8.0). 

Ar-[2-(l,2,3,7,8,9-Hcxahydrolndcno[5,4-A][l,4loxazln-9-
yl)cthyl]propionamidc (55). Proplonlc acid (0,134 mL. 1.80 
mmol) was addcd slowly to an Ice-coolcd suspension of WSC 
(0.518 g, 2.70 mmol) and HOBt (0.352 g, 2,30 mmol). The 
mlxture was stirrcd at room temperaturc for 1 h and then 
recoolcd to 0 °C. A solutlon of54 (0,393 g, 1,80 mmol) In DMF 
(15 mL) was added, and the reaction temperature WBS ralsed 
to room temperature. After 30 min, the reaction mlxture was 
poured Into water and extracted with ethyl acetate. The 
comblned extracts were dried over anhydrous magnesium 
sulfate. The flltrate was concentrated, and the residue was 
purified by column chromatography wldi ethyl acetate/ethanol 
(10:1) as eluent to yleld 252 mg (51%) of 55; mp 80-83 °C (from 
ethyl acetate/hexane). 'H NMR (CDC1,): 6 1.11 (t, 3H, 7 = 
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, 4.4). 3.85 (brs. IH). 4.20 (t. 2H. J = 4.4). 
5.84 (br s. IH), 6.50 (d, IH, 7 = 8.0), 6.62 (d, IH. J= 8.0). 
Anal. (CUHZZNÍOJ) C. H , N. 

Aq2-(Z-Oxo-l,2,3.7.8,9-hcxahydrolndcno[5,4-í>][l,4)-
oxazin-9-yl)ethyl]propionamldc (56). Compound 56 was 
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prepared in 88% yield from 53 and proplonlcacld by a method 
similar to that descrlbed for 55; mp 216-219 °C (from ethyl 
acetate/methanol). "H N M R (CDCLJ); <5 1.18 (d, 3H. J = 7.5). 

1.50-2.00 (m, 31-1). 2.10-2.30 (m, 3H), 2.70-3.10 (m, 2H), 

3.30-3.50 (m. 3H), 4.59 (s, 2H), 5.97 (br s. IH ) , 6,81 (s, 2H). 

9,77 (br s, IH). Anal. (Ci„HZoN2Oj) C, H, N. 

A'-[2-(2,3,8,9-TotrBhydro-7//-lndcno[4.5-Al[l)4)dloxln-
9-yl)ethylIpropionaniidc (57). A mixturo of36 (1.00 g. 4.01 
mmol), dlbromoethane (2.90 g, 15.4 mmol), potassium carbon-
ate (1.63 g, 11.8 mmol), and copper(II) oxide (31.8 mg, 0.400 
mmol) In DMF (15 mL) was heatcd at 140 °C for 6 h. The 
mlxture was cooled to room temperature and pourcd lnto 
water, Then It was made sllghtly acldlc by the careful addltlon 
of a few drops of dllute HC1 and partltloned between ethyl 
acetate and H20. The organlc Iayer was washed with water 
and drled over anhydrous magnesium sulfate. Tho flltrate was 
concentrated, and the resldue was purifled by column chro-
matography with ethyl acetate as eluent to yield 718 mg (65%) 
or 57; mp 120-122 "C (from ethyl acetate/hexane). 'H NMR 
(CDClj): õ 1.15 (t. 3H. 7 = 7.5), 1.60-2,00 (m, 3H), 2.10-
2.32 (m. IH), 2.19 (q. 2H. 7 = 7.5), 2,61-3.01 (m, 2H), 3.08-
3.53 (m. 3H). 4.25 (br s. 4H), 5.67 (br s, 1H), 6.6S (s, 2H). Anal. 
(CiaHziNO]) C, H, N. 

(5)-./V-[Z-(5-Bromo-6-rnethoxy-2,3-dihydro-l//-lnden-l-
yl)ethylJpropionamide (61). Compound 61 was prepared In 
86% ylcld from 60 and bromlne by a method similar to that 
descrlbed for 15: mp 105-107 *C (from ethyl acetate); [alü20 

+5.2° (c 1.000. ethanol). 'H NMR (CDCIa): d 1.16 (t, 3H. 7 = 
7.7), 1.49-1.81 (m. 214), 1.98-2.41 (m, ZH). 2.21 (q, ZH, J = 
7.7). 2.69-2.98 (m. 2H), 3.00-3.20 (m. IH), 3.39 (q. 2H, J= 
7.3), 3,88 (s, 3H), 5.48 (br s. IH), 6.78 (s, IH), 7,37 (s, IH). 
Anal. (Ci5HMBrNOj) C. H, N. 

(5)-Af-(2-(5-Bromo-ehydroxy-2,3-dlhydro-lAf-inden-I' 
yl)cthyIJpropionainidc (C2). A solutlon of 61 (56.7 g, 174 
mmol) in dichloromethane (400 mL) was cooled to —30 °C ln 
a solid COs-acetone bath. BBr3 (95.8 g, 382 mmol) was then 
added slawly by syrlnge. The reaction was stlrred at -Z0 to 
-15 °C for 30 min. The reaction mlxture was poured lnto Ice-
water and stlrred for a further 10 min at room temperature, 
The organlc layur was washed with water and drled over 
anhydrous magnesium sulfate. The flltrate was concentrated, 
and the resldue was purlfled by column chromatography with 
ethyl acetate as eluent to yield 51,1 g (94%) of 62; mp 146— 
148 °C (from ethyl acetate); [ale20 +2.7' (c 1.001, ethanol). 'H 
NMR (CDClj); ò 1.16 (t, 3H, 7=7.5), 1.50-1.80 (m.2H). 1.90-
2.12 (m, IH), 2.20-2.40 (m, IH). Z.24 (q, 2H. 7 = 7.5), 2.65-
2.95 (m, 2H), 3.00-3.18 (m, IH), 3.38 (q, 2H, 7 = 7.1). 5.82 
(brs, lH), 6.86 (s, lH). 7.27 (s, IH), hldden (IH).Anal. (C„H,8-
BrNO-a) C, H. N. 

(S)-Ar-[2-(6-AI]yloxy-5-bromo-Z,3-dlhydro-l./í.Indcn-l-
yl)cthyl]propionamIde (63). Compound 63 was prepared In 
9G% yield from 62 and allyl bromlde by a method similar to 
that descrlbed for 29; mp 86-87 °C (írom ethyl acetate/ 
hexane); fa]D

2n +3.7° (c 1.003, ethanol). 'H NMR (CDClj): ò 
1.16 (t. 3H, 7 ° 7,5), 1.4B-1.80 (m. 2H), 1.90-2.40 (m, 2H), 
2.20 (q. 2H. 7 = 7.5), 2.70-2.91 (m. 2H), 3.00-3.20 (m. IH), 
3.37 (q, 2H, 7 = 7.4). 4.59 (m. 2H), 5.25-5.60 (m, 3H), 5.97-
6,20 (m, IH). 6.76 (s, IH). 7.37 (s, IH). Anal. (C|7H22BrN02) 
C, H, N. 

(S>-Ar-[2-(7-AUyI'5-bromo-6-hydroxy-2,3-dlhydro-l//-In-
den-l-yl)cthyl]propionaniide (64). Compound 64 was pre-
pared in 80% yield from 03 and /V,/V-dlethylanllIne by a 
method similar to that descrlbed for 30; mp 85-B7 °C (from 
ethyl acetate/hexane); lata2"-51.3° (c 1.003, ethanol), ! HNMR 
(CDClj): ô I.I4 (t, 3H, 7 = 7.6), 1.45-2.13 (m, 4H). 2.18 (q, 
2H, 7 = 7.6), 2.68-3.65 (m, 7H), 4.93-5.13 (m. 2H), 5.41 (br 
s, IH), 5.49 (s, IH), 5.89-6.10 (m, IH), 7.20 (s. IH). Anal. 
(CuHízBrNOJ C, H, N, Br, 

(5)-At[Z-(5-Bromo-6-hydroxy-7-(2'hydrojtyethyl)-2,3-di-
hydro-l/í-lndcn-l-yl)cthy])propionamide (C5), A stream 
of Oj was bubbled through a solutlon of64 (588 mg, 1,67 mmol) 
In methanol (30 mL). which was cooled to -78 'C untll a blue 
color persistod. Tho oxcess ozone wes removed by flrst purglng 
with oxygcn and then with nitrogen. Sodium borohydrlde (510 
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mg, 13,4 mmol) was added at about -70 °C to dccompose 
ozonldc, and the mixturc was allowod to warm to room 
temperature with stlrríng for 1 h. Then. the mixture was made 
sllghtly acldlc by the careful addltlon of a few drops of dllute 
HC1 and partltloned between ethyl acetate/butanol (1:1) and 
HjO. The organlc Iayer was washed with water and drled over 
anhydrous magnesium sulfate, The flltrate was concentrated 
to yield 0.589 g (99%) of 65, which was used directly In the 
next step. The onalytlcal sample was obtained by recrystalll-
zation from a mlxture of ethyl acetate and methanol; mp 85-
87 'C (from ethyl acetate/methanol): [alu!ri -43,7° (c 1.002, 
ethanol). ' HNMR (CDClj); i 1,13 (t, 3H, 7 = 7.5), 1,40-2.10 
(m, 4H), 2,17 (q, ZH, 7 = 7.5), Z.6Z-3.01 (m, 4H). 3.07-3.22 
(m, IH), 3,28 (q, ZH, 7 = 6.B), 3.89 (br s, 2H), 5,47 (t, IH, 7 = 
3.7), 6.31 (br s, IH), 7.20 (s, IH), 9.07 (s, IH), Anal. (Clt,Hí2-
BrNOj) C, H, N. Br. 

(5)-AL[2-(6.Hydroxy-7-(Z-hydroxycthyl)-2,3-dlhydro-
Ji/-inden-l-yl)cthyI]proplonamIde (66). A mlxture of 65 
(590 mg, 1.66 mmol) and trlethylamlne (184 mg. 1,82 mmol) 
ln methanol (5 mL) was subjected to hydrogenatlon In the 
presence of !0% palladlum on carbon (100 mg, containlng 50% 
water) In a hydrogen atmosphere at room temperature. After 
absorptlon of the theoretlcal volume of hydrogen. tho catalyst 
was removed by flltratlon, Then, the mixturc was made 
sllghtly acldlc by the addltlon of a few drops of dllute HCI and 
partltloned between ethyl acetate/butanol (1:1) and H2O. The 
organlc Iayer was washed with water and drled over anhy-
drous magnesium sulfate. The flltrate was concentrated to 
ylcld 0,419 g (91%) of 66, which was used directly in tho next 
step. The analytlcal sample was obtained by recrystallizatlon 
from a mlxture of ethyl acetato and methanDl: mp 144—146 
°C (from ethyl acetate/hexane); |a]D

20 -69.7' (cl.002, ethanol), 
'H NMR (CDCli): ò 1.12 (t. 3I-I. 7 = 7.7). 1.45-2.10 (tn, 4H), 

2.16 (q. 2H, 7 = 7.7). 2.60-3.00 (m, 4H), 3 .10-3.23 (m, LH), 

3.29 (q. 2I-I, 7 = 6.8), 3.86 (q. 2H, 7 = 5.5), 5.00 (t, LH, 7 = 
4.4), 6.41 (br s, LH), 6.09 (d, I H , 7 = 7.9), 6.9] (d, LH. 7 = 
7.9). 8.86 (s, IH). Anal. (C,oH2jNOj) C, H, N. 

(^•AT.[2.(l,6,7,8-Tetraliydro-2/f-indcno[5,4-£>]furan-8-
yI)ctliyl]propionamide ((5)-(-)-22b). Methanesulfonyl chlo-
rlde (1.39 mL, 18.0 mmol) was addcd dropwlse to a stlrred 
solutlon ofthe alcoliol 66 (4.99 g, 18.0 mmol) ln pyrldine (14.6 
mL, 180 mmol) at about -10 °C. After tho mixturc was stlrred 
for 25 min at -10 to -5 °C. an additional quantity of 
methanesulfonyl chlorlde (0,697 mL. 9.00 mmol) was added 
and the solutlon Was stlrred at —10 ti> -5 °C for another 25 
min. A mixturo of ethyl acetate (10 mL) and saturated aqueous 
NaHCOj (10 mL) was added slowly to the above solutlon et 0 
°C. The solutlon was allowed to warm to room temperature 
and stlrred for Bn additional 30 min. It was poured lnto water 
and made sllghtly acldlc by the careful addltlon of dllute HCI 
and then partltloned between ethyl acetate and H20. The 
organlc Iayer was washed with water and drled over anhy-
drous magnesium sulfate. The flltrate was concentrated, and 
the resldue was purlfled by column chromatography with ethyl 
acetate as eluent to ylcld 4.02 g (86%) of (£)-(-)-22b; mp 113-
115 °C (from ethyl acetate); [alü™ -57.8° (c 1.004, chloroform). 
'H NMR (CDClj): <5 1.14 (t. 3H. 7 = 7.7). 1.52-2.40 (m, 4H), 
2.17 (q, 2H. 7 = 7.7), 2,69-3.00 (m. 2H), 3,01-3,40 (m, 5H), 
4.42-4.64 (m, 2H), 5.40 (br s. IH), 6.62 (d, lH, 7 = 7,7). 6.95 
(d, IH, 7 = 7.7). Anal, (C.oH^NOj) C, H. N. 

Separat ion of Enantlomers by Chira l High-Perror-
mancc L lqu ld Chromatography (HPLC). The racemic 
mlxture 22b was optically resolved by hlgh-performance 
column chromatography (apparatus, LC Module 1 (Nippon 
Mllllpore Ltd.); column, Ceramospher RU-1 (10 mm (Id) x 250 
mm, Shlseldo); mobile phase, methanol; flow rate, 4.4 mL/mln; 
column temperature, 50 °C; sample concentratlon, 17% (w/v); 
amount lnjected, 8.5 mg). Removal of the solvent gave the 
separate enantlomers. each of which was then examlned by 
analytlcal chiral HPLC for purlty. (K)-(+)-22b: |a|D

3" +57.8° 
{c 1.005, chloroform). Anal. (C|oH2|N02) C. H, N. 

Dock lng Study. The three-dlmenslonal (3D) model of the 
human melatonin receptor (MTt) was eonstmcted by compara-
tivo modellng technlques from the crystal strueture of bovino 
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rhodopsin (Protcin Data Bank access number 1F88).3' Among 
tho loop rcglans, only tho second extracellular loop was 
included in the model, which is Involved In llgand blndlng 
according to chímera receptor experiments.33 In the Inltlal 
modcl, the second extracellular loop occludes the llgand 
blndlng pocltet and should be drastlcally moved to make 
favorablo Interactlons wlth llgands, We applled a slmulated 
anneallng procedure wlth van der Waals parameter scallng 
to change the conformatlon of the loop. Comparativo modellng 
was carrled out on a SllIconGraphlcs 03(C) workstatlon (Silicon 
Graphics Inc., Mountaln Vlew, CA) wlth tlie Inslghtll/Dlscover 
program package (Molecular Slmulations Inc., San Dlego, CA). 
The blndlng mode was analyzcd by the program DOCK 
(verslon 4.01, UCSF, Kuntz. ct ai.) using standard paramoters. 

B. Pharmacology. Preparation o fCHO Membranes for 
Receptor B lnd lng Assays, cDNA encodlng tlie human MTi 
gene was lntroduced Into CHO cells, A cell Une stably express-
Ingthe MTi receptor (CHO-hMelR7) wassclcctcd and cultured 
ln Eagles Mlnlmum Essencial Mcdlum-a (MEM-a) supple-
mented witli 10% dlalyzcd fctal bovino serum (dFBS) ln a 5% 
COz/95% alr atmosphere. Cells were harvested at confluence 
In CaJ+-MgJi-free Hanks' balanced salt solutlon contalning 
5 mM EDTA and collected by centrifugatlon, Cells were 
homogonlücd ln lce-cold 50 mM Trls-HCI buffer (pH 7.7 at 25 
°C), washed twice, pelleted, and stored at -30 'C untll blndlng 
assays. 

Tho day before transfectlon, CHO cells were grown In 
MEM-a supplemented wlth 10% dFBS untll tlie cells were 80% 
confluent. The cells were transfecced with pCMV-human MT; 
melatonin receptor exprosslon vector by using Llpofectamlne 
reagent (Invitrogen). Two days after the transfectlon, the cells 
were harvested In Caz+-Mg2+-free Hanks' balanced salt solu-
tlon contalning 5 mM EDTA and collected by centrifugatlon. 
Cells were homogenlzed In lce-cold 50 mM Trls-HCl buffer (pH 
7.7 at 25 *C), washed twlce, pelleted, and stored at -30 °C 
untll blndlng assays. 

Aflflnity for MTi and MTZ Melatonin Receptor. The 
procedure of this blndlng assay was based on tlie method of 
RIvkees et al. with mlnor modlflcatlons.35 Tho frozen homo-
genate was thawed, suspended ln lce-cold 50 mM Trls-HCl 
buffer (pH 7.7 at 25 °C). and used for the blndlng assay. For 
the assay using CHO-hMelR7 homogenatc, 10 /<L ofDMSO 
soluclon of a test compound was mlxed wlth homogenatc and 
40 (MT,) or 200 pM (MT?) 2-|lssI]lodomelatonln In a total 
volume of 1 mL and lncubated at 25 °C for 150 min. The 
reaction was tcrmlnated by addltlon of3 mL of lce-cold buffer 
followed by vacuum flltration on Whatman GF/B. The filter 
was further washed twlce wlth 3 mL of ice-cold buffer, and 
the radloactivlty was measurcd by a y-counter. Nonspeclflc 
blndlng was delíned in the presence of 10 fiM melaconln, The 
50% Inhibltary concentratlon (TCso) was calculaced using log-
probit analysls. The dissociatlon constam of the compound for 
the receptor (Ki) was calculatcd using tho following equatlon; 

K, = IC50/(1 + L1Ka) 

where L and % represent the concentratlon and the afflnity 
constam of 2-[,Z6I]melatonln In the blndlng assay, rcspectlvcly. 

Afflnity for Low Afflnity Melatonin B lnd ing Sites 
(MTj Site a nd Othcrs) ln Syrian Hamstcr Bra in and 
Pcr iphcra l Organs. The procedure of this blndlng assay was 
based on the method of Nlles et al.30 with mlnor modiflcatlons. 
The speclflc blndlng of 2-(l25I)lodomeIatonln to the hamster 
MT, receptor was saturable. Tho brain. Ilver. kldney, and 
spleen were dlssected from male Syrian hBmsters (7—8 weeks 
old) and homogenized In 50 mM Trls-HCl (pH 7.4 at 4 'C). 
After tho remova! of connectlve tlssues by flltration using a 
quádruplo layer of cotton gauze, tlie homogenatc was centrl-
fuged at 48 000,? for 10 min, Tlie resultant pellet was washed 
twlce with lce-cold buffer by resuspenslon and recentrifugation, 
and the final pellet was suspended in tho same buffer. An 
allquot of the homogenatc was lncubated with 200 pM 2-[l2SI]-
lodomelatonln and a test compound at 4 'C for 60 min In a 
total volume of 200 fiL. The reaction was tcrmlnated by 
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addltlon of 3 mL of Ice-cooled assay buffer followed by rapid 
vacuum flltration on Whatman GF/B, Tlie Illter was washed 
a further two times wlth 3 mL of lcc-coolcd buffer and plaecd 
ln a polystylene tube. The radloactivlty was measurcd with a 
y-counter. Nonspeclflc blndlng was determined In the presence 
of 10_< M melatonin, The ICjo value was calculatcd by log-
problt analysls, 

Inh ib i t ion of Forskolin-Inducod cAMP Forma tion in 
CHO Cells Expressing Human Melatonin Receptor (MTi 
Site). CHO cells transfected wlth the human melatonin 
receptor (MT|) gene were plated In MEM-a supplemented wlth 
10% dFBS at a denslty of 5 x 10' cells/well (1.3 x 10' cells/ 
cmz) on Iwakl 12 well platcs and cultured for 3 days. Cells 
were washed twlce wlth 1 mL of modlflcd Hanks" balanced 
salt solutlon (wlth 10 mM HEPES-Na. pH 7.3. wlthout 
NaHCOj) and then 0.5 mL of tho same solutlon contalning 
100 plA 3-isobutyI-l-methyl xanthlne (IBMX), and a test 
compound Was added. After the cells were prelncubated for 6 
min at 37 'C, 10 /iL of forskolln (final concentratlon of 1 fiM) 
was added and the cells were lncubated further for 15 min, 
Tlie reaction was tcrmlnated by the addltlon of 50 //L of 55% 
perchlorlc acid, An allquot (200 >tL) of the reaction mlxture 
was transferred to a test tube. ncutrallzcd wlth 100 /jL of 1.6 
M NaOH solutlon, and assayed for cAMP concentratlon using 
an Amersham cAMP radlolmmunoassay system. The ICjo 
value was caluculated by log-problc analysls. 

Effects or (S)-(-)-22b on Sleep and Wakefulness in 
Cacs. Elght adult cats (three males and five íemales) welghing 
2.5—5.5 kg at the time cif surgery were used, The cats were 
houscd individually in a room malntalned at 24 ± 1 'C wlth a 
12 h llght/dark cycle (llght on 7:00 a.m,). They were fed oncc 
dally (9:00 a.m.), and water was avallable adllbltum. On the 
day of tlie experlment, howevcr, diey were fed after completlon 
of the experlment. Cats were mounted on a stercotaxlc 
apparatus under pentobarbltal (40 mg/kg, lp) anesthcsla. 
Êlectrodes were lmplanted bllaterally ln the frontal and 
parletal corticos and hlppocampus according to the cat brain 
atlas of Snlder and Niemer.37 As conlcal electrodes, stalnless 
steel screws were used. The depth blpolar recordlng electrode 
was mada up of twlsted stBlnless steel wlres (0,3 mm In 
dlameter) Insulated except at the tlps (0.5 mm), Ocular 
movement was recorded from stalnless steel screws flxed over 
the bony orblt. Tlie effcct of (S)-(-)-22b on sleep was inves-
tlgated by electroencephalogram (EEC) rccordlng. The cats 
were allowed to recover from surgery for at least 7 days bofore 
habltuatlon to the test chamber and EEC rccordlng. The test 
chamber (650 cm x 35 cm x 45 cm) was constructed ontlrely 
of metal cxccpt for onc Plexlgloss wall and was located In a 
constantly lllumlnated, ventllated, sound-proof. and electrl-
cally shlelded room. Tlie cats were well-accustomed to tho test 
chamber and EEG recordlng before the test. A cat was 
transferred to tho test chamber ln tho experimental room, and 
tlie cables were attachcd. EECs, clectrooculograms (EOG), and 
clcetromyograms (EMC) were recorded for 9 h (1 h before to 8 
h after creatment wlth vehicle, (5)-(-)-Z2b or melatonin), 
Durlng the recordlng, cats were observed from outslde tlie 
experimental room on a vídeo monitor and thelr behavloral 
and postural changes were recorded contlnuously throughout 
the experlment. Each potencial amplifled and filtered with a 
polygraph (Nlhondenkl-Sanel) was recorded by a mBgnetlc pen 
recorder. An EEG power spectral analysls was also performed 
contlnuously using a fast Fourler transform (FFT) system 
equlpped wlth a personal computer (NEC, PC-9801) and 
recorded on a MO dlsk. The statc or the cat was classifled Into 
three stages based on the rollowlng criterla: wakcfulnosK 
(marked tonlc EMG activlty. low-valtago fast cartlcal EEG with 
a low power spectrum of á-waves, a regular hlppocampal 
0-rhythm, and slow EOG activlty); SWS (markedly rcduced 
EMG activlty. splndles and slow waves of hlgh-voltagc cortlcal 
EEG wlth a hlgli power spectrum of <5-wavcs. and rcduced 
EOG activlty): REM (an almost completo absence of EMC 
activlty, low-voltage fast cortlcal EEG with a low power 
spectrum of ó-waves, an extremely regular hlppocampal 
(9-rhythm. and a frequently observed hlgh-voltage EOG caused 
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by REM). (5)-(-)-22b and melatonin were suspended In 0,5% 
methyl ccllulosn (MC). Each cat was admlnlstered orally with 
a capsule containing the (5)-(-)-22b or melatonin solution, In 
the contrai criai, the cat waü glvon a capsule containing vehlcle. 
Each dose or (S)-(—)-22b or melatonin was compared with the 
cDunterbalanccd control trial conducted before or after the drug 
trial (dependantsample). The duratlon between the criais was 
more than 7 days ln order to exclude any effect of the former 
trial. For statistlcal analysls, a palred f-test was used. 

Acknowledgment. We acknowledge che concrlbu-
tions of Mr. Kojl Onlshl and Mr. Norlo Tada for che 
plasma metabollce analysls, Mr. Toshlmasa Tanaka for 
the MO calculaclons, and Mr. Nobuhlro Fujll and Mr, 
Masaki Seiob for technical asslstance. 

Note Added after ASAP Posting, This manuscript 
was released ASAP on 8/15/2002 wich an error in the 
compound deslgnacion for che eighth entry of Table 1. 
The correcc vcrslon was posced on 9/5/2002. 

Rcferences 

(1) (a) Goldman,. B. D.; Darrow, J. M, Tlie plneal (fhmtl ;inü 
menimallan photopertodlsm, Ntiuivenelocrlnohf» 1083, 37,386-
396. (b) Heitor, R, J, The melntunln mcssngc; Duratlon vorsus 
coincidente hyiiothcses, LlkScl. 1987, 40,2119—Z131. (c) Reitor, 
R. J. Plneal melatonin; Ccll blology of Its synthosls nnd or lts 
physloloKicnl Internctlons, Endocr. Rcv. 1901, 12. 151-180. (d) 
Hagan, 1<, M,; Oaklcy, N, R, Melatonin comes or age? Trends 
Pharmacol. Scl. 1995, 1C, 81-83. 

(2) (o) Undorvvood, H.: Goldman, B. D. Vertobrato clrcadlan and 
photoporlodle systom.i: rolo ofthe plneal glond and melatonin, 
J. Elo], Rhythms 1087, 2, 270-315. (b) Cítssonu. V, M. EÍTceis 
of melatonin on vortobrnte clrcadlan systems, Trendi Ncurcscl. 
1090, 13,457-404, (c) Armstrong, S. M. Melatonin ond drcadlan 
control in mammals, Expcrlcntln 1989, 45. 03Z-D38. 

(3) Wlçchmann, A. F. Melatonin: parallols ln plnoal gland and 
rotlno, Exp. Eyv Res. 198G. 42, 501-521. 

(4) (a) Mooro, R. Y.; Klein, D. C. Visual potliways and the contrai 
noural control of a drcadlan rliytlim ln plneal serotunln N-
acetyltransrerase actlvity, Bruln ReS. 1674, 71, 17-33, (b) 
Rcpport. S. M,; Perlow, M, J.; Ungcrlcldcr, l . C,; Mlshkln, M.; 
Tonijirkln. L,; OrloíT, D. G,; Hofrmon, H. J,; Klein, D, C, EfTccts 
of dnmagc lo lhe suprachíasmatlc aren of cho anterior hypo-
thnlamus on tho dally melatonin nnd cortlsol rhythms In the 
rhesus monkey. J. Ncuroscl. 1981, ;, 1414-1425. (c) Moorc, R. 
Y. Neural control ortho plnoal gland. Behav. Braln Res. 1D96, 
73. 120-130. 

(5) (a) Lynch. H, J.; Ozakl, Y,; Shnkal, D,; Wurtmnn, R. J. Melatonin 
exereilon of mnn and rats; ofTcct of time or day, sleep, plnen-
Icclomy and food consumptlon. Int. J, Blomctcorol. 1975, 19, 
267—279. (b) Jlmcrson. D. C.: Lynch, H. Post, R. M.; 
Wurtmnn, R. J.: Bunnoy, W. E. Urlnary molatonln rhythm.i 
during sloop deprlvatlon ln dopressed patlents and normais. Uíe 
Scl. 1977. 20, 1501-1508. 

(G) (a) Aakerstedt, T.; Froeberg. J, E,; Frlberg, Y.; Wcttcrbcrg, L, 
Molatonln excretlon, body temperature nnd subjccüve arousal 
durlng 64 h of slccp deprlvadon. Psychoncurocndocrlnology 
1979, 4, 219-225, (b) Nakagawa, H.; Snck, R. L.; Lewy. A. J. 
Sloop proponslty froo-runs with tho temperature. melatonin and 
cortlsol rhythms ln a totally bllnd person, Sleep 1992, IS, 330-
336. (c) Tzlschlnsky. O.; Shlltncr, A,; Lnvle, P. The assoclatlon 
between lhe noclumal sleop gatc and noctumal onset of urinary 
6-5ulfatox>"mclatonln. J. Blol Rhythms 1993, 8, 199-209. (d) 
Zhdanova, 1, V.; Wurtman, R. J. ElTIcacy of molatonln as a sloep-
promodng agonL J, Blol. Rhythms 19D7, 12. 644 -650. 

(7) (a) Wohr, T. A. Tho Duratlons of Human Melatonin Scervllon 
and Sloep Respond to Chongcs In Daylcnglh (Phutopcriod), J. 
Clln. Endocrlnol. Metub. 1991, 73. 1276-1280. (b) Óldanl, A.; 
Ferlnl-Slrnmbl, L.; Zucconl, M,; Stankov, B.; Fraschinl, F,; 
Smlrnc, S. Melatonin nnd dolayod sloop phaso syndromo: 
ambulntorypolygraphlcovaluatlon.NeuroReporrlBOá, G. 132-
134. 

(8) (o) Petrlc, K.; Conaglcn, J. V.; Thompson, L.; Chamborloln. K. 
Eífcct of melatonin on lot Ing after long haul ílights. Br. Med. J. 
1989, 208. 705-707. (b) Arendt, J. Melatonin In humans: Jet-
Ingand after. Adv. PlnealRes. 1991. 5. 299-302. (c) Nlckol.ion, 
T.; Lang, A.; Berfjau. L. Tlie effect nf 6-. 9-, nnd ll-hour lime 
sliirtí on clrcadlan rhythms; ndoplallon of slccp parametere and 
hormonal pattems following the Intako of melatonin orplncobo. 
Adv. PIneitI Rtz). 1991. S, 303-306. 

(9) Sacis, R. L.; Blood, M. L.: Lowv, A. J. Molatonln rhythms Innlght 
shlft workors, Slccp 1992. 15, 434-441. 

Uchlkawa et al. 

(10) Roscnthal, N. E.; Sack, D. A,; Jncobsen, F. M.: Jamos, S. P.; 
Parry. B. L.; Arendt, J,; Tamarkln, L.; Wohr, T. A. Melatonin in 
soasonal afíectlve dlsorder and photothcmpy, J. Neuntl. Tmnsrn. 
Suppl. 1986, 21. 257-267, 

(11) (a) Nalr, N. P, V,; Harlharasubramnnlan, N.; Pllapll, C.; Isaac, 
l.T Thavundayll, J. X. Plasma melatonin — an Indo* of braln 
aglng ln humans? Blol. PsycliltUiy 19E8, 21, 141-150. (b) 
Wiildhiiuscr, F,; Wclszcnbachcr. G.; Tatzer, £.; Clslnger, B.; 
Wnldhousor, M.; Schompor, M.; Frlsch, H. Altoratlons ln noc-
turnal seruni molatonln leveis ln humans with growth and 
aglng. J. Clln. Endocrlnol. Metâb. 1988, 66,646-652, (c) Rcltcr, 
R, J, The plrenl grand and melatonin In relndon to aglng: o 
summary ofthe thoorios and ofthe dntn. Exp. Cerontol. 1995, 
30. 1DD-212. 

(12) (a) Dolllns, A. B,! Zhd>inova,), V.; Wurtmnn, R, J.; Lynch. H. J.; 
Dcng, M. H. EfTcct of Indudng noclurnal scrum melatonin 
concontratlons In dnytlmo on sloep, mood, body tomporaturo, and 
performance. Proc. Natl. Acad. Scl. U.S.A. 1D94, 91.1824-1828, 
(b) Snck. R. L.; Lcwy, A, J,; Parrotl, K.; Slnger, C. M.; McArthur, 
A. J.; Blood, M, L,; Baucr, V, K. Melatonin analoguos and 
clrcadlan sleep dlsorders. Eur. J, Mcd. Chcm. 1995, 30. GGls-
GG9s. (c) Zhdanova, I. V.; Wurtman. R. J.; Lynch, H. J.; Ivos. J, 
R.; Dollln.i, A, B.; Morablto, C.; Mathoson, J, K,; Schomer, D. L. 
Slccp-lnduclng eíTocts oflow doses ofmolntonln ingostod in tho 
ovening. Clln. Pharmacol. Thcr. (St. Loulsj 1995, 57, 552-558. 
(d) Attonburrow, M. E. }.-. Cowon. P. J.: Sharpley. A. L. Low 
doso molatcinln Improves Slfcep In hualthymlddle-ngcdsubjccts, 
PtychnplwrmMclogy (Bcrlln) 1996, 126,179-181. (c) Gnrílnkel, 

D.: Laudon, M,; Sllsapel, N. Improvement of sleep quallty by 
controllod-rolonse molatonln ln bonzodlazoplno-treatod eldorly 
ln5omnlacs. Arch. Cerontol. Gerlatr. 1997, 24. 223-231. 

(13) (n) Llcbmann, P, M,; Wõlllcr, A,; Felsncr, P.; Hoíer, D.; Schaucn-
stcln, K, Melatonin and tho Immuno system. Int. Arch. Allcrgy 
Immunol. 1997, 112, 203-211. (b) Roltor, R. J.; Maostronl. G, J, 
M. Molatonln In relatlon to tlie antloxJdatlve defende and 
Immuno systems; posslble impllcations for ccll ond organ 
tron5plnntation. J. Mol, Mcd. 1999, 77, 30-39. 

(14) Mlll, à, M.; Blask, D. E, EITocts ortho plnoal hormono molatonln 
on the prollforadon and morphologlcal charactorlstlcs of human 
hroast câncer cells (MCF-7) in culture. Cnnccr RcS. 1688, 48, 
6121-6126, 

(15) (o) Claustrat, B.; Le Bars, D.; Brun, ]:. Thlvollo, P.; Msllo, C.: 
Arcndt, J.; Chazot, G. Plasma and braln pharmacoklnotlc studlos 
In humans aftor Intravonous admlnLstratlon of cold or "C labolod 
melatonin. Adv. Plneul Rei. 1989. 3. 305-310, (b) Lo Bars, D.; 
Thlvollc, P.; Vitle, P. A,; Bojkowskl, C,; Chazot, G.; Arendt, J.: 
Frackowiak, R. S, J,; Claustrat, B, PET and plasma pharmaco-
klnotlc studlos after bolus Intravonous admlnl.ttratlon of |"C|-
melatonln In humana. Nucl. Mcd. Blol. 1991, 18. 357-362, 

(16) Eblsawn, T.; Kamo, S,; Lcrncr, M. R,; Rcpport. S. M, Expresslon 
cloning of a hlgh-aíTlnlty melatonin receptor from Xcnopus 
dcrmal melanophoros, Ptvc, Natl. Acad. Scl. U.S.A. 1994, 91. 
G133-S137. 

(17) (a) Ropport. S, M.; Godsnn. C.: Mahlc, C, D,; Wcavcr, D. R.; 
Slnugcnhaupt, S, A.; Gusella, J. F. Molecular charactorlzatlon 
of a second molatonln receptor exprossod ln huaian rotina and 
braln: the Meln, melatonin receptor. Proc. Natl. Acad. Scl. 
U.S.A. 1895. 92.8734-8738. (b) Llu, C.; Weavor, D. R.; Jln, X.; 
Shcnrmnn, L. P,; Plcschl, R. L,; CrlbltofT, V. K.; Reppert, S. M, 
Molecular dlssectlon of two dlstlnct actlons of molatonln on tho 
suprachlasmatlc clrcadlan clock. Neurnn 1697, 19. 61-102. (e) 
Dubocovlch. M, L: Yun. K.; Al-ghoul, W. M,: Benluucir, S,; 
Masana. M, 1. Solectlvc MTi molatonln receptor antogonlsts 
block melatonin-modiated phaso advancos of clrcadlan rhythms. 
PASEB. J. 1998, 12. 1212-1ZZ0. 

(18) (o) Psiul, P.; Lnhayc, C.; DcJagrange, P.: Nlcolas, J.-P.; Canct, 
E.; Boulln, J. A. Charactorlzatlon of Z-|lz6I]lodomelatonlnbind-
ing sitos in Syrlan hamstor perlphoral organ.i. J. Pharmacol. 
Exp. Ther. 1999, 290.334-340. (b) Nosjean, O.: Ferro, M,; Cogc', 
F.; Benuverger, P.; Hc-nlln, J.-M,; Lefoulon, F.; Fauchòrc, J.-L,; 
Dolagrango, P,; Conet, E.; Boutln, J. A. Idontlflcaüon of tho 
molatonln-bindlng sito MT3 as tho qulnono roduetaso 2. J. Blol. 
Chem. 2000, 275, 31311-31317, 

(19) (a) Fourmalntraux, £.; Dcprcux, P,; Lesleur, D.; Guardlola-
Lomaitre, B,; Bonnojean, C,; Dolagrango, P.: Howoll. H. E. 
Totrahydronnphtholcnlc derivativos a» ncw agonlst nnd nntago-
nlst llgands for mclolonln rcceplors. Bloorg. Mcd. Chcm. 1998, 
6, 9-13. (b) Kloubort. S.: Mathá-Allalnmat, M.; Andrleux, J.: 
Slcslc, S.; Langlola. M. Synthosls of benzocycloAlkano derivativo.1; 
as new conformatlnnally restncted llgands for melatonin recep-
lors, Bloorg. Mcd. Chcm. Lctc, 1998, a, 33Z5-3330, 

(20) (n) Lodorc, V.; Doproux, P.: Loslour, D.; Calgnard, D. H.; Ronard. 
P.; Dolagrango, F.: Guardlola-Lomaltre, B.; Morgan, P. Synlhesls 
and bolologlcnl actlvlty of conformadonally rcstrictcd tricyclic 
nnalogucs of tho hormonc melatonin. Bloorg. Mcd. Chcm. Lctt. 
199G, C, 1071-1076. (b) Spadonl. G.; Balsamlni. C,: Dlamnntlnl, 
G.; Glacomn, B, D.; Tnralp. G, Conformallonjlly restrained 
melatonin annlogucs; synthosls, binding aíflnity for the mcln-



Indan Derivatlves as Melatonin Receptor Agonlsts 

tonln receptor, evnluatlon nf the blologlcal ncllvlty, and molec-
ular modellng siudy. J. Med. Chem. 1997. 40. 1990-2002. (c) 
Beresford, I, M,; Brownlng, C,; Starkoy, S. J.; Brown, J.; Foord, 
S. M.: Coughlan, J,; North, P. C,; Dubocovlch, M. L.; Hagan, R. 
M. GR19G429; A nonlndollc agonlst at hlgh-afílnlty melatonín 
rccoptors. J. Phormacol. Exp. Then 1398, 285, 1239-1245. (d) 
Davies, D. J.: Gnrratt. P. J.: Tocher, D. A,; Vonhoff, S. Mnpplng 
the melatonín receptor. S. Mclolonln, Agonlsts and antagonlsts 
derived frwn letrahydrocyclopontlàllndolos, tetrahydrocarba-
líoles and hcxahydrocyclohcpt|A]lndolos. J. Med. Chem. 1998, 
41. 451-467. (c) Morot, C,; Chavatte, P,: Morln-AUoiy, L.: Vlaud, 
M, C.; Culllaumot, G.; Ronard, P.: Loslour. D.; Mlchel. A. 
Pharmocophoric soarch and 3D-QSAR compnratlve molecular 
flold analysla studles on sionista nf melatonín Shccp rcccptors, 
J. Med. Chem. 10DR. JJ, 4453-4465. (0 Jclllmnnn, C,; Malhe-
Allalnmat, M,| Andrlcux, J,; Kloubcrt, S.; Boudn, J. A,; Nlcolas, 
J.-P.: BcrmuJcan, C,; Dclngrange, P.; Langlols, M, Syntheslsof 
phenslcne and accnaphthcne derivativos as now conformation-
nlly rostrlcted llgands for melatonín receptors, J. Med. Clleill. 
2000, 43, 4051-4062. (g) Poêl, H, V.: Guillnumcl, C,: Vlaud-
Massuard, M.-C. Synchesls nf 6,7,8.9-leirahydropyrldo|2,3-6|-
Indollzlne and 3,4-dlhydru.2tf.pyrído|2',3';4,5]pym>lo|2,l-í>]|l,3|-
oxnzlnu derlvailves ns ncw melatonín receptor llgnnds. To ira-
hedron Leu. 2002, <13, 1205-1208, 

(21) Paquotto, Lco A, Organic Rencdons, John Wlley & Sons: Now 
York, 1997; pp 1-330. 

(22) Monto, A, P.: Morona-Lowlcka. D.; Cúzzl. N. V.: Nlchols, D. E. 
Synthesls and pharmacologlcal examlnatlon of benzofuron, 
Indan. and retralln analogues nf 3.4.(mcthylcnedloXY)amphcl* 
anilne. J. Med. Chem. 1893, 36. 3700-3706, 

(23) Houae. H. O.: Hudson. C. B, Pcrhydrolndan derlvadves. Xll, 
6-Mcthoxyindanono and Its derivativos. J. Or/;. Chem. 1970, 35. 
047-651. 

(24) (a) Wlttlg, G.: SchSlIkopf, U. TrlpheiwIphrwphlnemethYlene tis 
an olefln-formlng reaRent. I. Chem, Ber, 1954. 87, 1318-1330. 
(b) Wadswordí, W. S., Jr.: Emmons, W, D, Thc utillty of 
phosphonate carbanlons In olelln synlhesls. J. Am, Chem. Soe. 
1D61, 83, 1733-1738. 

(25) Llndbertj, U, H,: Nylcn, B.l Akcrman, 15. Potondal local anaes-
thcllcs. I. Bnslc N-(nlpha-cycIoaIkylbcnzyl)ocylamldos and somo 
rclaled compounds, Aeta Pharm, Suce. 19G8, 5. 429-440. 

(26) (a) Kubo, 1.; Ochl, M.; Shlbata, K.; Hanka, F. J.: Nakatsu. T.: 
Tan, K.-S.; Tanlguchl. M.: Kamlkawa, T.; Yamaglwa. Y,: Ari. 
zuka. M,; Wood. W. F, EITeci of ci mnrlno algal constltuent on 

Journal of Medicinal Chemlstry, 2002. Vvl. <15, No. 10 4233 

thc growth oflettuce and rico soodllngs. J. Ater. Prod. 1090. 53, 
50-50. (b) Ford, P. W.; Narbut. M. R.: Belll. J.; Davldson, B. S. 
Synthesls and structurol properllcs of lhe benzopcnliUhlcplns 
varacln and Isollssocllnuloxln A, J. Org, Chem. 1994, 59,5955-
5960, 

(27) (a) De Silva, S, O.; Ahmad, 1.; Snlockus, V. A convorgont routo 
to phthalldelsoqulnollne alkalolds via dlroctod metalBtlon of 
tortlaiy benzamldes. Can, J. Chem. 1979, 57, 1598-1605. (b) 
Bellfimy, F, D.; Chaünn. J. B.; Ou, K. Synihesls of derivativos 
struciurnlly relaled lo glnzlovlne. 'fctnihedmn 1983, 39, 2803-
2806, 

(28) Casüllo, P.; Rodrlguez-Ubls, J. C.: A hlgh-yield method for tho 
mothylenatlon of ̂ dlhydroxyaromatlc compnunds: synchesls of 
niethylenedlnxycoumnrlns, Synlhcsls 1688, 839-84Ò, 

(20) Stewarl, J. J. Opllmluillun of parameters for semlemplrlcal 
mclhods, J. Comput. Chem, 19B9, 10, 209-220. 

(30) Vanccolc, J.; Vollrath, L. Melatonín Jnhlblts cydlc AMP and çydlc 
GMP aceumulatlon In tho rnt pltulcary. Brain Pe.-i, 1989. 505, 
157-150. 

(31) Polczewski, K,: KuWMíiko, T,; Horl, T.; Behnke, C, A.; Mo-
loshlmn, H.: Fo*. B, A,; Trong, I, L.; Tcllor, D, C.; Okada, T.; 
Stenkamp, R. E.: Yamamoto. M.; Mlyano. M. Crystal Structure 
of Rhodopsln: A G Proteln-coupled Receptor. Science 2000, 289, 
730-745. 

(32) Kokkola, T.: Wauon, M.-A.: Whlte, J,: Dowell, S.: Foortl, S. M.; 
Lditlncn, J, T. Mutugenesls of Human Meliu Melalonln Receptor 
Expreswd In Yoost Revoals Domalns Important for Receptor 
Functlon. Blochem. Blephys. Res. Commun. 1398,249, 531-53S. 

(33) Conway, S.: Drew, J. E.; Mowat, E. S.: Barrett P.; Dolagrange. 
P.; Moroan, P. J. Chlmerlc Melatonín mel and Melatonln-relatud 
Rocoptors. J, Blú!. Chem, 2000, 275, 20602-20609, 

(34) Dc Silvn, S. O,; Ahmad. I,; Snleckus, V, A convergem routo to 
phthalldclsoqulnollnc alkalolds via dlroctod motalatlon of ter-
Üüty bonzamldos. Can.J. Chem. 1379. 57. 1598-1G05. 

(35) Rlvkoos, S. A.: Cassono, V. M.; Woaver, D. R.; Roppert, S. M. 
Melatonín recoptors In chlckbraln: eharacterlzatlon and local-
Izatlon. Endocrlnology 19R9, 125. 363-368. 

(36) Nlles, L, P,| Plckcrlng. D, S,; Saycr, 13. C. HPLC-puriflcd 2-|'MI|-
lodomclatonin labels múltiplo blndlng sitos In hamstor braln. 
Blochem. Blophys. Res. Commun. 1387, 147, 049-950. 

(37) Snldor, R. S.; Nlorner, W. T. A Stereoraxlc Atías of the Cai Braln-, 
Unlverslty or Chicago Presa: Chicago. IL, 1061. 

JM0201159 



Experiment 

Pharmacology. Preparation of CHO Membranes for Receptor Binding Assays. cDNA 

encoding the human MTi gene was introduced into CHO cells. A cell line stably expressing the 

MT, receptor (CH0-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% C02/95% 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-[125l]iodomelatonin 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 |jM melatonin. The 50% inhibitory concentration (IC50) 

was calculated using log-probit analysis. The dissociation constant of the compound for the 

receptor (Kt) was calculated using the following equation: 

Kj = IC50/(1+L/Kd) 

where L and K„ represent the concentration and the affinity constant of 2-[125l]iodomelatonin in 

the binding assay, respectively. 


