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Ciomo resultado del Examen de Fondo realizado, con fundamento en el Articulo 45 de
I% Decisién 486 de la Comisién de la Comunidad Andina, se comunica:

1. Documentos estudiados

- Descripcion: Folios 127 a 246 04 de febrero de 2009
_Reivindicaciones; Folios 2472259 04 de febrero de 2009
Prioridad: US60819,509 ~ 07dejuliode2008 |
5 'US60886,825  26deenerode2007 _ |

2. Analisis de la Prioridad

SE acepta la reivindicacion de Prioridad porque:
Esta solicitud fue presentada dentro del plazo establecido (Art. 9 D 488).

Y! su contenido técnico corresponde con el de la prioridad reivindicada.
3. Objeto de la invencién

Titulo de la solicitud: “Inhibidores heteroaril bicicliclos de PDE4, métodos para su
sfntesis y métodos para inhibir PDE4" (modificado en el folio 272).

El problema planteado en esta solicitud consiste en la necesidad de proporcionar
compuestos que tengan actividad inhibitoria de la fosfodiesterasa PDE4.

Para resolver este problema técnico la solicitud en estudio proporciona un compuesto
dr; la férmula (IV) y métodos para su preparaciéon
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(IV)

El objeto de la presente Solicitud se relaciona con la Clasificacién Internacional de
Patentes (CIP): A61K 31/4704; AB1K 45/08; AG1P 27/02

4;‘ Excepcion a la Patentabilidad (Art 20 D 486 literal d)
\
|
El objeto de las reivindicaciones 1-6 no es patentable de acuerdo con el Articulo
citado.
|

5. Reivindicaciones relativas a un uso o a un segundo uso (Art 14y 21 D 486)
El uso de las reivindicaciones 29-32 no es patentable, de acuerdo con el articulo 14.
6. De la Solicitud de Patente

Titulo

Se sugiere modificar el titulo puesto que el mismo infiere un uso el ¢ual es una
caracteristica no patentable. Se sugiere cambiarlo por “Inhibidores heteroaril
bicicliclos de PDE4, métodos para su sintesis”.

Reivindicaciones (Art 30 D 486, Art 22 PCT)
El capitulo reivindicatorio no es claro ni conciso cuando se usa los términos:

+ Heterocicloalquilo, heterocicloalquilalquilo, heteroarilo, heteroaralalquilo:
porque no se define el nimero de miembros presentes en el anillo, y para el
caso de lo heteroatamos no se define el nimero y tipo de heteroatomos,
ademas para los compuestos ciclicos que contienen una porcion alquilo, no se
define el nimero de carbonos que contiene la cadena.

+ Aralalquilo, arilo, cicloalquilo, ciclo alquilalquilo: porque no se define el nimero
de miembros que contiene el anillo, ademas para los compuestos ciclicos que
contienen una porcioén alquilo, no se define el nimero de carbonos que
contiene la cadena.

« Aminoacido, fosfonatos, fosfoamidas: no se definen sus estructuras, aharca
todos aquellos compuestos que tengan esa caracteristica quimica

* Acilo, acilalquilo, carboxialquilo, cianoalquilo, , alcoxi, alcoxialquilo,
amidoalquilo, amino, alquilo, alquilaicoxi, aminoalquilo, alquenilo, alquinilo,
cianoalquilo, carboxialquilo, éter, heteroalquilo, hidroxialquilo, haloalquilo,
alquilo inferior, amino alquilo, aminoaicoxi: puesto que no se define el nimero
de carbonos presentes en la cadena.
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» Eluso de expresiones como “alguno de los cuales puede estar opcionalmente

sustituido” no son concisas ni claras porque no limitan el alcance la
reivindicacién, ni la definen de manera adecuada.

'« Eluso los términos “m”, "n" “q” y “p" que se define comun numero entero 0, 1,
2, no es conciso, porque dan lugar a una innumerable combinacién de
compuestos que no encuentran soporte en la descripcién porque no limitan el
alcance la reivindicacion, ni la definen de manera adecuada.

De acuerdo a lo anterior, se obtienen un nimero indefinido de compuestos que no
encuentran soporte en la descripcién.

Se sugiere al solicitante, definir cada término de manera apropiada y restringir la
solicitud a una generalizacién razonable de los compuestos ejemplificades.

Para este efecto esta Oficina manifiesta que en la descripciébn se encuentran

soportados los siguientes compuestos a los cuales el solicitante puede tener en
cuenta para la respectiva restriccion:

1
-R R1 4
! /
| ” x3
R3
5
R* R
RS (IV)

R1 Ciclopentil, metilciclopropil, 6-hexanoico, isobutoxi, dimetilamino butyl, dimstilaminopentil,
R2 Metil,
R3 H
R4 H
R5 -O-, -NH-,
R6, 3,5-dicloropiridina, 3,5-dimetilpiridina,
R14 H, metil, hidroxietil, dimetilaminoetil,
x3‘ CHa, CHBr,

La reivindicacion la reivindicacion 28 hace referencia a la descripcion, segun la
expresién “seleccionado del grupo que consiste en los ejemplos 1 a 14", esta
manera de reivindicar solo es aceptable cuando es estrictamente necesario, lo

cual no es el caso, por lo tanto se sugiere al solicitante eliminar la alusién a los
ejemplos.

7. Determinacion del Estado de la Técnica

El Estado de la Técnica se determin6 con base en la fecha de Presentacion de la
Solicitud de Prioridad: 07 de julio de 2006

Y se encontraron los siguientes documentos que anticipan el objeto de esta solicitud:

. Fecha de
Item : Documento Titulo Publicacién®
Vetrivel Nadaraj et al Mncrowave-assls;‘elgalsg'igtsr}ems of quinoline
D1 Arki 4-Methoxy-1-methyl-2-quinolinone and its 06 de marzo de 2006
{ rkivoc

analogs Péginas 82-89
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A study of the analytical behaviour of
‘ selected synthetic and naturally
‘ F. O'donnell et al occurrinig c}uir}?Iings utslng electrospray
' . onisation ion trap mass .
Pz Aﬂﬁfi—%@ g7h2|mlca spectrometry, liquid chromatography and 13 de mayo de 2008
‘ cla gas chromatography and the
construction of an appropriate database for
quinoline characterization (page 83-76)
Genetic relationship of organic bases of
D3 ;Lit:igﬁv J\c:u\r/nitl ‘g|f the quinoline and isoquinoline series from 2002
Applied Chemist lignite semicoking tars with the initial
‘ PP i biological material
Studien on the alkaloids of rutaceous
D4 Hisashi Ishii et al plants. XIV syntheses of some 23 de junio de 1960
‘. Hydrogenated Derivates of Skimmianine
Benzazine Derivatives Phosphodiesterase .
D5 W09932449 4 Inhibitors 01 de julio de 1998

i

D1 Folios (358-365, pages 82-89)
Microwave-assisted synthesis of quinoline alkaloids:4-Methoxy-1-methyl-2-
quinolinone and its analogs

i
Divulga procesos de sintesis de alcaloides de quinolina los cuales tienen actividad
antiinflamatoria.

D2 Folios (366-379, pages 63-76)

A study of the analytical behaviour of selected synthetic and naturally occurring
quinolines using electrospray ionisation ion trap mass spectrometry, liquid
chromatography and gas chromatography and the construction of an appropriate
database for quinoline characterization (page 63-76)

Divulga métodos analiticos para quinolonas alcaloides por cromatografia de gases,
cromatografia de masas y espectrometria de masas.

D3 Folios (380-386, pages 649-655)
Genetic relationship of organic bases of the quinoline and isoquinoline series from
lignite semicoking tars with the initial biological material

Divulga la relacion genética de compuestos de quinolina e isoquinolina presentes en
plantas nativas rusas. Se sugieren vias de transformacién de los compuestos.

D4 Folios (387-392, pages 248-253)
Alkaloids of Rutaceous plants. XIV. Syntheses of some hydrogenated derivatives of
skimmianine

Divqua rutas de sintesis de alcaloides derivados de la skimmianina.
D5

http.//worldwide.espacenet.com/publicationDetails/originalDocument?CC=WO&NR=9
932440A28KC=A28FT=D&ND=8&date=19990701&DB=&locale=zen EP

Divulga compuestos de formula (I) en fa que A es un heterociclo ortocondensado los
cuales tienen actividad inhibitoria PDE 4 y alfa TNF.

8. Examen de Patentabilidad (Art 14 D486)
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La reivindicacién 7 consiste en un compuesto de formula V.

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la

Técniea:
Caracteristicas esenciales D1 D2
Un compuesto de férmula V Un compuesto de férmula Un compuesto de férmula
‘ CRY 44 OCH;
| o E o) R! R4 R,
Rr?’ =
219
R g
R Iy O
RS R? rle o 3 z
R® 3 R, 1
| R™  CH,

R1 es H, metilo
R2 es H, metilo
R3 es H, metilo

R1 el equivalente de R3 es H,
OCHs, CHa

R2 el equivalente de R2 es H,
OCHa

R3 el equivalente de R1 es H,
OCHj CH3

R4 e equivalente de R3 es H,
R3 el equivalente de R2 es
OCHs

R2 el equivalente de R1 es,
OCH;,

La posicion de R4 es sustituida

R5 el equivalente de R4 es H,

R4 esH por un H, la posicién de R5 es R6 equivalente de R y R6 es
R5 es ~O- un -Q-, la posicién de R6 es OH, OCHa, OCH2CHgs,
R6 es metilo un metilo y la posicion de X3 es | OCOCHa, v la posicion X3 es
{ | X3esun.CH —~CH- CR7 donde R7 es H, CHa,
R14 es metiloo H La posiciéon de R14es Ho haldgeno, R1 el equivalente de
Metilo R14 eg H, CHy_
Caracteristicas esenciales D3 D4

Un compuesto de férmula V

R R14
I
RZ-O N O
= R

nSs
RG

Divuiga un compuesto de
formula

OMe
<@
MeO N ~OH
OMie

XXXVE

Divulga un compuesto de
férmula

R1 es H, metilo
R2 es H, metilo
R3 es H, metilo

El equivalente de R1 es OCHa,
| equivalente de R2 es OCHjs
R3 el equivalente de R1 es H,

El equivalente de R1 es OCHj3,
| equivalente de R2 es OCH;
R3 el equivalente de R1 es H,

R4 esH

R& es ~0-

R6 es metiio

X3 es un .CH
R14 es metiloo H

La posicién de R4 es sustituida
por un H, la posicién de R5 es
un -0-, la posicion de R6 es
un metilo y la posicién de X3 es

La posicién de R4 es sustituida
por un H, la posicién de R5 es
un =-0-, la posicién de R6 es
un metilo y la posicién de X3 es
=CCzHs- y la posicion de R14
es H

N‘ovedad frente a D1

Las caracteristicas esenciales de la composicién de la reivindicacion 7 habian sido
divulgadas previamente en D1, el cual divulga compuestos de derivados de quinolina,
los cuales tienen actividad antiinflamatoria (folio 358, introduccién), donde R1 el
equivalente de R3 de la actual solicitud es H, OCH3 o CH3, R2 el equivalente de R2
de la actual solicitud es H o OCH3, y R3 el equivalente de R1 es H, OCH3 o CH3;
también se observa que La posicién de R4 de la actual solicitud es sustituida por un
H, la posicion de R5 es un —-O-, la posicién de R6 es un metilo y la posicién de X3 es

~CH- y la posicién de R14 es H o Metilo (folios 358-365).

En consecuencia, la reivindicacion 7 no es nueva 6 carece de novedad, segin lo
divulgado en el documento D1.
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Novedad frente a D2

Las caracteristicas esenciales de la gomposicién de la reivindicacién 7 habian sido
divulgadas previamente en D2, el cual divulga compuestos de derivados de quinolina
(folio 374, compuesto 34), donde R4 el equivalente de R3 en la actual solicitud es H,
R3 el equivalente de R2 en la actual solicitud es OCH3, R2 el equivalente de R1enla
actual solicitud es, OCH3, R5 el equivalente de R4 es H, R6 equivalente de R5 y R6
es OH, OCH3, OCH2CH3, OCOCHS3, y la posicion X3 es CR7 donde R7 es H, CH3,
halégeno, R1 el equivalente de R14 es H, CH3 (folio 374, compuesto 34).

En consecuencia, la reivindicacion 7 no es nueva 6 carece de novedad, segun lo
divulgado en el documento D2.

Novedad frente a D3

Las caracteristicas esenciales de la composicién de la reivindicacién 7 habian sido
divulgadas previamente en D3, el cual divulga compuestos de derivados de quinolina,
donde El equivalente de R1 es OCHS3, | equivalente de R2 es OCH3, R3 el
equivalente de R1 es H, La posicién de R4 es sustituida por un H, la posicién de R5
es un —O-, la posicién de RB es un metilo y la posicién de X3 es —-CH- (folio 384,
pagina 653)

En consecuencia, la reivindicaciéon 7 no es nueva o carece de novedad, segun lo
divulgado en el documento D3.

Novedad frente a D4

Las caracteristicas esenciales de la composicion de la reivindicacién 7 habian sido
divulgadas 8re\§iamente en D4, el cual divulga compuestos de formula IV
CLT e

L,

us*oj il\\, J-o
H

(" de derivados de quinolina (folio 388, donde El equivalente de
R1 es OCH3, acetil, | equivalente de R2 es OCH3, acetil, R3 el equivalente de R1 es
H, a posicién de R4 es sustituida por un H, la posicién de R5 es un -O-, la posicién
de R6 es un metilo, acetil y la posicion de X3 es =CC2H5- y la posicién de R14 es H,
CHP.

CEL;O

En consecuencia, la reivindicacion 7 no es nueva o carece de novedad, segun lo
divulgado en el documento D4.

|
La reivindicacion dependiente 8 no incluye caracteristicas que hagan nueva o
inventiva la reivindicacién 7 por lo tanto no se considera nueva.

Nivel Inventivo (Art18 D486)
La reivindicacién 7 consiste en un compuesto de formula |

Comparacion de las caracteristicas técnicas esenciales, con las del Estado de la
Técnica:
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; Caracteristicas esenciales L]
Un compuesto de formula V Un compuesto de férmula |
i
20 N0
e donde A es entre

e (1
143
R ™) S
_ %

otros un grupo

R14 ‘es' H, halégeno, alquilo inferior, halo alquilo,

alcoxi Donde R14 es H, alquilo C1.4, alcoxi C14

‘ , . L . . | R1es unalquilo C140 polifiuoro alquilo C1 alquilo;
:}I; 31"52 acilo, alquilacilo, carboxialquilo, alcoxi, alcoxi | o) o arilo, aril-(Cs.10)alquilo o (C1.7) eicloalquilo

que apcionalmente puede tener un dtomo de
R19es H oxigeno.

EI dot:umento D5 se considera el estado de la técnica cercano a la invencion definida
reivindicacién 7 porque divulga Un compuesto de férmula |

DD SN

donde A es entre otros un grupo & Donde R, el
equwalente de R14 es H, alquilo C1-4, alcoxi C1-4, R1 es un alquilo C1-4 o polifluoro
alquilo C1-6 alquilo; R2 es arilo, aril-(C1-10)alquilo o (C1-7) cicloalquilo que
opcionalmente puede tener un atomo de oxigeno, para el tratamiento de patologias
que implican la PDE4 tales como el enfisema enfermedades alérgicas e inflamatorias,
EPOC, bronquitis crdnica, asma y rinitis alérgica (pagina 5, lineas 1-31 ; pagina 8,
lineas 20-27), un compuesto especifico divulgado es 8-ciclopentiloxi-4-(3,5-dicloro-
piridin-4-il-metil)-7-metoxi-2-oxo-1,2-dihidro-quinolina-acido carboxilico metiléster
(pagina 23, ejemplo 35 (compuesto 8)).

Ry—

La diferencia entre el documento D5 y las presentes reivindicaciones es que el
compuesto utilizado para el tratamiento de una patologia que implica PDE4 tiene un
sustituyente alternativo a R14 (un grupo carboxilo en lugar de un sustituyente
seleccionado entre hidrégeno, halogeno, hidroxi, alquilo inferior, hidroxialquilo,
aminoalquilo y haloalquilo).

El efecto que logra el incluir no es adecuadamente demostrado puesto que en el
ensayo in vivo (inflamacién de la glandula lagrimal - ojo seco inducido en conejos) en
los folio 244-246 de la descripcidén del expediente administrativo, se muestra que
todos los compuestos ensayados son inactivos. A pesar de que se muestra en el
esnsayo de inhibicion de PDE4 in vitro en folios 240 a 244 muestra que todos los
compuestos ensayados inhiben la PDE4, estos datos sélo pueden ser considerado
como un elemento adicional de conocimiento a menos que se compruebe que los
compuestos reivindicados puedan tener un efecto técnico inesperado. Puesto que los
Unicos ejemplos en la aplicacién que trataron una condicién patolégica en la presente
solicitud no son activos, no es creible que los compuestos reivindicados en la
presente pueden encontrar dicho efecto.

Por lo tanto, el Problema Técnico Objetivo que pretende resolver esta invencién se

puede formular asi: “cémo proporcionar compuestos alternativos a los conocidos en
D5 y que sean utiles para el tratamiento de patologias que implican PDE4".
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De lo que se concluye que, en ausencia de pruebas de que los compuestos
reivindicados en la presente solicitud pueden encontrar una un efecto técnico
inesperado, el problema a ser resuelto por la presente solicitud sélo puede ser
considerado como la provision de compuestos quimicos alternativos.

En consecuencia, la persona del oficio normalmente versada en la materia, incluiria
cambios menores de entre las posibilidades que se establecen en D5 en los
compuestos de D5 para llegar asi al objeto de la reivindicacién 7 de la solicitud. Por lo
cual se considera obvia.

Conclusioén:
La reivindicacion 7 cumple el requisito de novedad (Art. 16), pero no cumple con el
requisito 'de nivel inventivo (Art. 18).

Las reivindicaciones 8-32 no incluyen caracteristicas que hagan nueva o inventiva la
reivindicacién 7, por lo que también carecen de nivel inventivo.

9. Conclusion

Los requisitos de Patentabilidad de la presente Solicitud estan afectados asi:

Reivindicaciones Requisito que

Item \ Documenta afectadas afecta
D1 Microwave-assisted synthesis of quinoline alkaloids:
4-Methoxy-1-methyl-2-quinolinone and its analogs 7-8 Novedad
Péaginas 82-89
D2 A study of the analytical behaviour of selected

synthetic and naturally
occ:urring quinolines using electrospray ionisation ion
trap mass 7.8
“spectrometry, liquid chromatography and gas
chromatography and the
construction of an appropriate database for quinoline
; characterization (page 63-76)
D3 Genetic relationship of organic bases of the quinoline
and isoquinaline series from lignite semicoking tars 7-8 Novedad
with the initial biological material
D4 Studies on the alkaloids of rutaceous plants. XIV
syntheses of some Hydrogenated Derivates of 7-8 Novedad
‘ Skimmianine
D5 ‘ W09932449 8-32 Nivel Inventivo

Novedad

En cumplimiento del articulo 45 de la Decisién 486 de la Comisién de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de notificacién de la presente comunicacion. En caso de
no dar respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran
los impedimentos para la concesion, se denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
capltulo qumto del titulo primero de la Circular Unica No. 10 de 2001.

JOSE LUIS SAL RL Z
Director de Nuevas Creaciones (C)

El anterlor quefmlento fue notificado por fijacion en lista, de fecha

I 2012

Elaborado por: Harvey Jaramillo () ey
Revisado Por: Jacqueline Alfonso
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General Papers ARKIVOC 2066 (x) 82-89

Microwave-assisted synthesis of quinoline alkaloids:

4-Methoxy-1-methyl-2-quinolinone and its analogs
Vetrivel Nadaraj, Senniappan Thamarai Selvi,* and Raju Sasi
Departmeint of Chemistry (PG & Research) Kongunadu Arts & Science College G.N.Mills Post,

Coimbatore-641 029, INDIA
E-mail: thamaraimohan@yahoo.co.in

Abstract '

The microwave-induced synthesis of some quinoline alkaloids of the type 4-methoxy-1-methyl-
2-quinolinone including folimine is reported. The precursors 4-hydroxy-2-quinolinone
derivatives were effectively prepared in a single step from aniline and diethylmalonate using p-
toluenesulfonic acid as a catalyst and these intermediates were converted to the titled quinoline
alkaloids by treatment with dimethyl sulfate, N,N-dimethylformamide and potassium carbonate.
The presenied synthentic procedure is a convenient, simple and fast alternative for synthesizing
4-methoxy-1-methyl-2-quinolinone and its derivatives.

Keywords : Quinolines, microwave irradiation, 4-hydroxy-2-quinolinones, 4-methoxy-1-methyl-
2-quinolinones

1

Introduction

The root stock of quinoline alkaloids is specific to the plant family Rutaceae embodying about
hundred and fifty genera with sixteen hundred species. The presence of quinoline nucleus in the
framework of various pharmacologically active compounds with antiasthmatic,' antibacterial 2
antifungal,’ antimalarial,® anti-viral,’ anti-inflammatory® activities continue to promote their
synthetic efforts. Among the quinolines, some facile precursors are available which could be
transformed into desired quinoline alkaloids using various reactions.”” For instance, 4-hydroxy-
2-quinolinone is an important biosynthetic’ and synthetic®® precursor of quinoline alkaloids.
Methylated compounds of this type like 4-methoxy-1-methyl-2-quinolinone (1), folimine (2),
4,6-dimethoxy-1-methyl-2-quinolinone and 4,7,8-trimethoxy-1-methyl-2-quinolinone (Scheme
1) are widely distributed in nature.'®"> Though these alkaloids are natural products, they are also
used as synthetic intermediates for the preparation of other quinoline alkaloids and
polyheterocycles.

ISSN 1424-6376 Page 82 SARKAT



General Papers ARKIVOC 2006 (x) 82-89
OCH;,4
1
R AN
R’ ITI 0
3
R cn,

1 R'=R=R%=H; 4-Methoxy-1-methyl-2-quinolinone

2 R'=R’= H, R’>= OCH;; Folimine

3 R’=R*= H, R'= OCH; 4,6-Dimethoxy-1-methyl-2-quinolinone

4 R'= H, R>=R’= OCHj; 4,7,8-Trimethoxy-1-methyl-2-quinolinone

Scheme 1

The classical synthetic protocols for the above quinoline intermediates and natural
products suffer from some disadvantages such as low yield,” lack of easy availability/
preparation of the reagent,'®"'® prolonged reaction time, multiple steps, requirement of excess of
reagents/catalysts, need for special apparatus and harsh reaction conditions.!®!” In this
connection and by knowing the advantages of microwave reactions,'*?! we felt that the synthesis
of the above intermediates and quinoline alkaloids using microwave irradiation in an unaltered
domestic microwave oven would make the task much easier than the thermal synthesis. Hence
we wish to report a convenient and efficient synthesis of 4-hydroxy-2-quinolinone and 4-
methoxy;1-methyl-2-quinolinone derivatives under microwave irradiation.

Results and Discussion

In an iniitial study, a mixture of aniline and diethylmalonate (2:1 molar ratio) was taken in a
beaker (without adding any support, i.e., neat conditions), and irradiated under microwaves. This
type of reaction is expected to be the most economical method since neither catalyst nor solvent
is used. ‘We failed to obtain 4-hydroxy-2-quinolinone (5a); but the N,N’-diphenyl malonamide
(6a) was formed in 20 min (90% yield) (Scheme 2). This result agreed with the report given by
Lange et al* in their synthesis of 3-phenyl substituted 4-hydroxy-2-quinolinones. By contrast, in
the presence of a catalytic amount of p-toluenesulfonic acid, the quinolinone 5a was isolated in
89% yield in 6 min under the same reaction conditions (Scheme 2). IR spectrum of 5a exhibited
the absorption bands at 1660, 1606 cm™ ascribable to carbonyl groups and a broad NH
absorption in the region 3400-2900 cm™. The 'H-NMR spectrum represented a singlet at & 5.80
for the Ci-proton, a multiplet in the region & 7.05-7.65 for aromatic protons and a doublet at
8 7.70 for Cs-proton. The singlet at & 10.35 is accounted for NH proton and a broad singlet at &
10.55 is due to the —~OH group.

ISSN 1424-6376 Page 83 CARKAT
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Table'l. Effect of solid support for the synthesis of 5a under microwave irradiation (Power =
320W)

Support Time (min) Yield (%)
No 20 -
Silica gel 12 55
Acidic alumina 12 46
Ko clay 12 41
p-Toluenesulfonic acid 6 89

Different solid supports, including silica gel, acidic alumina and montmorillonite (Ko
clay) were also checked to define the most effective catalyst (Table 1). From these results, it is
obvious that p-toluenesulfonic acid is the most adaptable and simplest catalyst for the synthesis
of Sa, és work-up is simply reduced to treatment with ice-cold water. Thus, we have extended
these conditions to the synthesis of various 4-hydroxy-2-quinolinones (5a-g) with high yields
(Scheme 3; Table 2). It was also attempted to convert N,N’-diphenyl malonamide (6a) to 4-
hydroxy-2-quinolinone (5a) by microwave irradiation, in which the reaction was (Scheme 2)
complel‘ted with in 3 min, in presence of the catalyst p-toluenesulfonic acid.

2 ©+ CH,(COOE), U .
N, @
. (II) OH (“I) p
| X
N (@]

H
Sa

(1) neat condition, mw, 20 min (ii) p-toluenesulfonic acid, mw, 6 min
(ii1) p-toluenesulfonic acid, mw, 3 min

NH
1.0
C/

N O
H

a

Scheme“Z
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OH
1 . 1

R (1) _ R AN

2 + CHz(COOEt)Z =

R? NH, R? g o)
3 3
R R g

~ (1) p-toluenesulfonic acid, mw, 6-11 min

Scheme 3

Table 2. Microwave Synthesis of 4-Hydroxy-2-quinolinones under the catalyst p-toluenesulfonic
acid

Compound. R R? R’ Reaction  Yield (%) mp("C) Lit. mp ("C)
l Time (min)

52  H H H 6 89 >300 >300%
5b . H H OCH; 6 90 248 245-248%
5¢ " OCH; H H 8 89 300 298-300%
5d " H OCH; OCH; 10 85 246 244-246"
S5 OCH;, H  OCH; 11 84 290 288-291'¢
5f . H H CH, 7 92 >300 360
5g ~ CH, H H 8 96 >300 >300%

Reactibn of 4-hydroxy-8-methyl-2-quinolinone (5f) with dimethyl sulfate, N,N-
dimethylformamide and potassium carbonate under microwave irradiation afforded methylated
quinolinone 8 in 70% yeild in 3 min (Scheme 4). The formation of 1,8-dimethyl-4-methoxy-2-
quinolinone (8) is supported by the observation of peak in the expected chemical shifts of —
OCH; and N-CH; protons as singlets at & 3.99 and 3.81 respectively in the "H-NMR spectrum.
Similar reaction of 5e and Sg with the same reagents yielded 4,6,8-trimethoxy-1-methyl-2-
quinolinone (7) and 1,6-dimethyl-4-methoxy-2-quinolinone (9) in good yield.

The synthesis of natural products demonstrates an interesting application of this synthetic
methodology. Treatment of 4-hydroxy-2-quinolinone (Sa) with N,N-dimethylformamide,
dimethyl sulfate and potassium carbonate gave 4-methoxy-1-methyl-2-quinolinone (1) in 66%
yield in 3 min. Similarly, treatment of Sb-d with the above reagents afforded the natural products
2, 3, and 4 in good yield. The spectroscopic properties of our synthetic materials 1 to 4 agreed
well with those reported in the literature.'®" In addition to its simple reaction conditions, this
procedure has the advantage of very short reaction times, easy experimental and work-up
procedures.
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1 1
R X ) R X
R’ N” 0 R? N0
CH,
Sa-g 1-4 & 7-9

(i) DMF, dimethyl sulfate, K,CO3, mw, 3-6 min

Scheme 4

Conclusions

In conclusion, we have demonstrated an efficient, mild method for the synthesis of 4-hydroxy-2-
quinolinones“ and in parallel, we have also developed an easy and fast synthetic methodology for
naturally occurring 4-methoxy-1-methyl-2-quinolinone derivatives.

Table 3. Midrowave Synthesis of 4-Methoxy-1-methyl-2-quinolinones

Compound = R' R? R’ Reaction Yield (%) mp(°'C) Lit. mp(°C)
J Time (min)

1 ' H H H 3 66 100 100-101"°
2 H H OCH; 3 69 140 139-140"
3 OCH; H H 4 70 148 145-146"
4 . H OCH; OCH, 5 65 146 143-148"
7 'OCH; H OCH; 6 67 163 161-162'
8 H H CH, 3 70 236 -
9 i CH; H H 4 69 241 -

Experimental Section

General Pro{cedures. Melting points were recorded on Boetieus microheating table and are
uncorrected. IR (KBr) spectra were recorded on a Shimadzu-8201 FT spectrophotometer. 'H-
NMR spectra’ were recorded on AMX-400 (400MHz) spectrophotometer, using TMS as an
internal refere:nce, and Mass spectra were recorded at 70eV on a Joel JIMS-D-300 instrument.
The reactions were carried out in a domestic microwave oven (KENSTAR —OM-20ESP, 2450
MHz).
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General procedure for the synthesis of 4-hydroxy-2-quinolinones (5a-g). Respective aniline
10 fnmol), diethyl malonate (5 mmol) and p-toluenesulfonic acid (120mg) were taken in a 50 ml
beaker and properly mixed with the help of a glass rod. The so-obtained paste was irradiated in
a microwave oven at the power of 320 W for the specified time (Table 2). After irradiation, cold
water was added to the reaction mixture. The solid obtained was filtered, washed with water,
dried and recrystallised (Ethanol-Acetic acid) to afford the desired product in good yield.
4-Hydroxy-2-quinolinone (5a). vmax (KBr)/em™: 3400-2900, 1660, 1606, 1514; '‘H-NMR
(DMSO-dg) 8 (ppm): 5.80 (s, 1H, C3-H), 7.05-7.65 (m, 3H, Ar-H), 7.70 (d, 1H, Cs-H), 10.35 (s,
1H, NH), 10.55 (brs, 1H, OH); MS (m/z): 161 (M™). Anal. Found. C 67.05; H 4.40; N 8.68.
Calcd. For CoH7NO,; C 67.08; H 4.38; N 8.69.

4-Hydroxy-8-methoxy-2-quinolinone (5b). vy, (KBr)/cm™: 3400-2900, 1661, 1605, 1514; 'H-
NMR (DMSO-dG) 8 (ppm): 3.90 (s, 3H, Cs-OCHj), 5.86 (s, 1H, C;-H), 7.14-7.40, (m, 2H, Cs-H
& C;-H), 7.78 (d, 1H, Cs-H), 10.32 (s, 1H, NH), 10.54 (brs, 1H, OH); MS (m/z): 191 (M™).
Anal. Found. C, 62.79; H, 4.76; N, 7.30. Calcd. For C;0HyNOs; C 62.82; H4.75; N 7.33,
4-Hydroxy-6-methoxy-2-quinolinone (5c). v (KBr)/em™: 3450-2950, 1660, 1606, 1515; 'H-
NMR (DMSO-d6) 8 (ppm): 3.91 (s, 3H, C4-OCH3), 5.90 (s, 1H, Cs-H), 7.21-7.54, (24, 2H, C;-H
& Cs-H), 7.81 (s, 1H, Cs-H), 10.34 (s, 1H, NH), 10.53 (brs, 1H, OH); MS (m/z): 191 (M™). Anal.
Found. C 62.83; H 4.78; N 7.35. Calcd. For C;oHyNOs; C 62.82; H4.75; N 7.33.
7,8-Dimethoxy-4-hydroxy-2-quinolinone (5d). vy, (KBr)/em™: 3390-2900, 1660, 1606, 1515;
'H-NMR “‘(DMSO-d6) 3 (ppm): 3.80 (s, 3H, OCHjs), 3.92 (s, 3H, OCHj), 6.03 (s, 1H, C;-H),
7.08-7.62 (2d, 2H, Cs-H & Cg-H), 10.35 (s, 1H, NH), 10.55 (brs, 1H, OH); MS (m/z): 221 (M").
Anal. Found. C 59.75; H 5.05; N 6.30. Calcd. For C;;H;;NO4; C 59.72; H 5.02; N 6.33.
6,8-Dimethoxy-4-hydroxy-2-quinolinone (5e). v.x (KBr)/em™: 3400-2900, 1661, 1606, 1513 ;
'H-NMR (DMSO—d6) 3 (ppm): 3.52 (s, 3H, OCH3), 3.62 (s, 3H, OCH3), 6.27 (s, 1H, C3-H), 7.58
(s, 1H, C7-H), 7.62 (s, 1H, Cs-H), 10.33 (s, 1H, NH), 10.54 (brs, 1H, OH); MS (m/z): 221 (M").
Anal. Found. C 59.71; H 5.00; N 6.31. Calcd. For C;;H;;NOy; C 59.72; H 5.02; N 6.33.
4-Hydroxy-8-methyl-2-quinolinone (5f). vy (KBr)/em™: 3390-2900, 1661, 1605, 1515; 'H-
NMR (DMSO-de) 6 (ppm): 2.40 (s, 3H, Cs-CHs), 5.78 (s, 1H, C;-H), 7.06-7.37 (m, 2H, C¢-H &
Cs-H), 7.67 (d, 1H, Cs-H), 10.31 (s, 1H, NH), 10.53 (brs, 1H, OH); MS (m/z): 175 (M™). Anal.
Found. C 68.58; H 5.15; N 8.09. Calcd. For C;0HsNO,; C 68.57; H 5.18; N 8.00.
4-Hydr0xy-6-methyl-2-quinolinone (5g). Vmax (KBr)/cm™: 3400-2900, 1662, 1605, 1515; 'H-
NMR (DMSO-de) & (ppm): 2.43 (s, 3H, Cs-CH3), 5.81 (s, 1H, Cs-H), 7.10-7.40, (2d, 2H, C;-H &
Cs-H), 7.68 (s, 1H, Cs-H), 10.33 (s, 1H, NH), 10.54 (brs, 1H, OH); MS (m/z): 175 (M™). Anal.
Found. C 68.52; H 5.17; N 8.00. Calcd. For C,0HoNO,; C 68.57; H 5.18; N 8.00.

Synthesis of 4-methoxy-1-methyl-2-quinolinones (3a-g). Respective 4-hydroxy-2-quinolinone
(1 mmol) was taken in 100 ml conical flask and to this, dimethyl sulfate (2 mmol), potassium
carbonate (0.8 g) and N, N-dimethyl formamide (5 ml) were added, mixed well and irradiated for
the specified time (Table 3). The reaction was monitored for every 30 seconds by the tlc. After
irradiation, the reaction mixture was poured into ice water and extracted well with chloroform.
The extract was dried (Na;SO4) and column chromatographed to yield the pure compound. The
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spectros¢opic properties of our synthetic materials 1 to 4 and 7 agreed well with those reported in
the literature'*"*.

1,8-Diméthyl-4-methoxy-2-quinolinone 8). Vmax (KBr)fem™: 1642, 1580, 1459; 'H-NMR
(DMSO-dg) 6 (ppm): 2.40 (s, 3H, Cs-CH3), 3.75 (s, 3H, -NCHa), 3.95 (s, 3H,-OCH3), 6.01 (s,
1H, Cs-H), 7.06-7.68 (m, 2H, Cs-H & C;-H), 8.01 (d, 1H, Cs-H); MS (m/z): 203 (M™). Anal.
Found. C 70.85; H 6.46; N 6.86. Calcd. For C{;H;3NO,; C 70.93; H 6.45; N 6.89.
1,6-Dimethyl-4-methoxy-2-quinolinone (9). vm:x (KBr)/em™: 1643, 1580, 1460; 'H-NMR
(DMSO-dg) 8 (ppm): 2.42 (s, 3H, C¢-CHs3), 3.81 (s, 3H, -NCH3), 3.99 (s, 3H, -OCHj3), 6.02 (s,
1H, C3-H), 7.20 - 7.62 (2d, 2H, C+-H & Cg-H), 7.99 (s, 1H, Cs-H); MS (m/z): 203 (M™). Anal.
Found. C 70.91; H 6.49; N 6.89. Calcd. For C;,H;3NO,; C 70.93; H 6.45; N 6.89.
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Abstract

Mass spectral fragmentation of quinoline alkaloids of significance in plants has been investigated using electrospray ionisation ion trap mass
spectrometry (ESI-MS”) with a view to characterisation of molecules of unknown structure isolated from these natural sources. This investigation
has led to the generation of an appropriate database incorporating data from ESI-MS" and also from gas liquid chromatography (GLC) and liquid
chromatography (HPLC) for these low molecular mass quinolines. This has been put to practical application in the identification of quinoline
alkaloids in a plant extract. Thus, an acid extraction of the leaves of Choisya ternata containing such tertiary alkaloids was analysed by liquid
chromatography—¢lectrospray ionisation mass spectrometry (HPLC-ESI-MS) and the resulting behaviour of the quinolines was compared with

that of the quinoline alkaloids in the database.
© 2006 Elsevier B.V. All rights reserved.

Keywords: Quinolines; Electrospray ionisation ion trap mass spectrometry; Fragmentation patterns; High performance liquid chromatography; Gas liquid chro-

matography; Quinoline database; Choisya ternata

1. Introduction “

The Rutales represents an order of flowering plants contain-
ing more than 3000-3500 species. Rutaceae is one of the six
families belonging to Rutales. Several plant extracts of ruta-
ceous species have been reported to possess pharmacological
activity and hence there is an interest in the isolation and char-
acterisation of the active principles present in rutaceous plants.
Compounds with a variety of chemical structures have been iso-
lated from these plants. Of the alkaloids present in these plants,
those possessing the basic quinoline skeleton are the largest in
number [1]. Electron impact mass spectrometry (EI-MS) [2]
has to date played an important part in the structural elucidation
of quinoline alkaloids but electrospray ionisation ion trap mass
spectrometry (ESI-MS") fragmentation studies have not as yet

* Corresponding author. Tel.: +44 2870324425; fax: +44 2870324965,
E-mail address: wf.smyth@ulster.ac.uk (W.F. Smyth),

0003-2670/$ — see front matter © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.aca.2006.05.018
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been reported. Only limited studies have been carried out on the
liquid chromatography (HPLC) and gas liquid chromatography
(GLC) of quinoline derivatives [3,4].

Natural products research at The University of Ulster for the
last 35 years has been particularly concerned with quinoline
alkaloids, their isolation, structural elucidation, synthesis and
biosynthesis. Thus, a variety of natural and synthetic quinolines
were available for the purposes of this paper, i.e. a study of
certain analytical chemical properties of such quinolines and
the construction of an appropriate database.

This paper therefore deals with the ESI-MS”, HPLC and
GLC behaviour of naturally occurring quinoline alkaloids and
synthetic derivatives that were available. Their analytical char-
acterisation in terms of their ESI-MS” behaviour, their GLC and
HPLC retention times has been documented and used to create a
database. This database has been put to practical application for
the identification of quinoline alkaloids in a plant extract. The
acid soluble extract of Choisya ternata was investigated in this
study and comparisons were made between the analytical results
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of the plant extract examination and the analytical information
on the database in order to identify different quinoline alkaloids
present in the plant extract.

2. Experimental
2.1. Chemicals

HPLC grade acetonitrile, water, methanol and ethyl acetate
were the solvents used. They were purchased from Fischer
Chemicals (Loughborough, Leicester, UK). The AnalaR formic
acid was 98-100% pute and was from BDH Laboratory Supplies
(Poole, Dorset, UK). "

2.2. Quinolines

The quinoline substances investigated were either isolated
from natural sources or synthesised in the laboratory according
to methods previously reported in the literature [5-7]. They had
a purity of at least 95%.

1.0x 107> molL™! stock solutions for HPLC and GLC
analysis were prepared in methanol. Similar stock solu-
tions for ESI-MS” analysis were prepared in 0.05% formic
acid/methanol.

2.3. Instrumentation

The ESI-MS" behaviour of the quinolines was investigated
using the Finnagan MAT LCQ™ quadrupole ion trap mass spec-
trometer. The samples were introduced by direct infusion in a
0.05% formic acid/methanol solution via a syringe pump at a
flow rate of 5 uL min~!. In the ESI source nitrogen sheath gas
flow was maintained at:50 and refers to an arbitrary value set
by the software. The heated capillary temperature was at 200 °C
and the spray voltage was set to 4.25kV.

HPLC analysis was carried out using a Thermo Products
HPLC system consisting of a Spectra System UV2000 detec-
tor, a Spectra System AS3000 autosampler, a Spectra System
P4000 pump and Spectﬁa System SN4000 data relay system.
The system was controlled from a computer with a Spectra Sys-
tem PC1000 computer program that was also used for evaluating
chromatograms. The column used was a Luna Sp Cyg (250 mm,
4.6 mm). The mobile phase was 60% acetonitrile + 40% water
using isocratic elution and detection was performed at 214 nm.
The flow rate was set at 0.5 mL min~!.

The GLC instrument was a Perkin-Elmer 8600 series Gas
Chromatograph. The column used was the low polarity Zebron
ZB-5 (30m, 0.25mm). A gradient temperature program was
employed. The starting temperature was 60 °C with a ramp rate
of 10°Cmin~! with a final temperature of 280 °C for 5 min.
The carrier gas pressure was 20 psi. The injector and detector
temperatures were set at 250 and 300 °C, respectively.

2.4. Extraction of plant alkaloids

Leaves and stems of C. ternata were dried in an oven at
40°C for 5 days. The plant material was then ground in a

blender and left to stand at room temperature for 2 weeks in
MeOH. The MeOH solution was filtered from the plant residue
and the solvent removed from the filtrate using rotary evapora-
tion. The residue was diluted with HO (200 mL) and extracted
with EtOAc (200 mL). The EtOAc solution was washed through
with H2O (3 x 200 mL) using a separating funnel. The EtOAc
layer was further extracted with aqueous HC1(1 M, 4 x 150 mL).
The acid soluble fractions were combined and basified with
dilute NaOH. The resultant basic solution was extracted
with EtOAc (4 x 250 mL), dried over anhydrous MgSQ4 and
the solvent removed to yield acid soluble components as a
gum,

3. Results and discussion

This paper deals with the ESI-MS", HPLC and GLC
behaviour of 67 quinoline compounds (both naturally occur-
ring alkaloids and synthetic compounds). The analytical data
gathered are presented in Tables 1 and 2 and have been used to
generate a database on quinoline derivatives. The chemical struc-
tures of these quinolines are given in Fig. 1 and for the purpose
of this study they have been placed in sub-groups according to
their characteristic chemical structures. The molecular masses,
molecular ions and fragment ions from the ESI-MS" analysis of
the quinolines are tabulated in Table 1. Table 2 lists the HPLC
and GLC retention times of these molecules. Figs. 2—4 show
some of the ESI-MS” signals of selected quinolines and some
proposed fragmentation processes.

3.1. Flindersine compounds

3.1.1. ESI-MS" behaviour

Quinolines in this group have the pyrano-(2,3-c)-quinol-
5-one [8] structure in common. These molecules generally
show a loss of 42 u, corresponding to CHy=CH—CHj3 from the
pyrano ring, mostly at the MS? stage but for some at MS3
and MS* stages. N-Methylflindersine (1) [9], 7-hydroxy-N-
methylflindersine (3) and 7-hydroxyflindersine (4) all lose 42u
at the MS? stage. A loss of 28 u at the MS> stage is then seen,
which is likely to be due to the loss of CO from the 5-C position.
N-Methylflindersine and 7-hydroxyflindersine both lose a fur-
ther 28 u at the MS* stage, due to another CO molecule, this time
due to the loss of oxygen from the pyrano ring or in the case of
7-hydroxyflindersine (4) it could be due to the 7-hydroxyl group
oxygen being lost as CO followed by ring contraction. The pro-
posed fragmentation pattern for (1) is given in Fig. 2.

7-Dimethylallyloxy-N-methylflindersine (7) initially loses
68u from the dimethylallyloxy side-chain presumably due to
the loss of pentadiene (CsHg). The next fragmentation losses are
similar to the previously discussed molecules, with aloss of 42u
followed by 28 u. Veprisine (5) [10] loses two CH3 groups before
losing C3Hg from the dimethylpyrano ring. The behaviour of
7-tetrahydropyranyloxyflindersine (6) is anomalous and it is
the only compound in this group not to lose 42u. There is
an initial loss of 84 u due to the fragmentation of the tetrahy-
dropyran ring from the side-chain of flindersine (6). The loss
of the tetrahydropyran ring would leave 7-hydroxyflindersine as

367
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Table 1
ESI-MS" behaviour of quinolines
Compound name ‘ MM [M+HI* [M+Na]* MS? MS? Ms* MSS MsS
Flindersine compounds
N-Methylflindersine (1) 241 242 200 172 144
7,8-Dimethoxyflindersine t2) 287 288
7-Hydroxy-N-methylflindexsine (3) 257 258 216 188 147
7-Hydroxyflindersine (4) 243 244 202 174 146
Veprisine (5) 301 302 287 272 230
7-Tetrahydropyranyloxy flindersine (6) 327 350 266
7-Dimethylallyloxy-N-methyl flindersine (7) 325 326 258 216 188
3-C-Dimethylallylquinol-2-one
4-Hydroxy-6-methoxy-3-(3'-methylbut-2-enyl)-quinol-2-one (8) 259 260 204 176
4-Hydroxy-6,8-dimethoxy-3-(3'-methylbut-2-enyl)-quinol-2-one (9) 303 304 248 217 202 174
4-Hydroxy-8-methoxy-3-(3’-methylbut-2'-enyl)-1-methylquinol-2-one (10) 273 274 218 164 149 121
4-Hydroxy-3-(3'-methylbut-2-enyl)-quinol-2-one (11) 229 230 174 146
4-Hydroxy-8-methoxy-3-(3/-methyl-2’-hydroxybutyl)-1-methylquinol-2-one (12) 291 292 274 218 164 149 120
4-Hydroxy-7,8-methylenedioxy-3-(3'-methylbut-2-enyl)-quinol-2-one (13) 273 274 218 188 160 131
4,6-Dimethoxy-3-(3'-methyl-but-2-enyl)-quinol-2-one (63) 273 274 218 203 188
Linear and angular furoquinolines
5-Methylfuro-(3,2-c)quinol-4-one (15) 199 200 172 144
4,6-Dimethoxyfuro(3,2-c)-quinoline (16) 229
y-Fagarine (17) : 229 230 215 187
Skimmianine (18) ‘ 259 260 245 227 199 184 156
Dictamnine (19) 199 200 185 129
Evoxine (20) ‘ 347 348 330 246 231 216 188
‘ Choisyine (21) | 329 330 256 241 213 185 157
7-0-Dimethylallyl-y-fagarine (22) 313 314 246 231 216 188
4-Chloro-6,7-methylenedioxyfuroquinoline 23) 247 248 213
‘ 249 250
6,7-Methylenedioxyfuro-[2,3-b]lquinol-4-one (24) 229 230 188 160
Dehydroplatydesmine (25) 257 258
Dihydrofuroquinolines
2-Hydroxyisopropyl-6-methoxy-5-methyldihydro-furo(3,2-c)quinol-4-one (14) 289 290 272 230 215
Ifflaiamine (26) . 243 244 188 160 132 106
Balfourodine (27) 257 238
272" 254" 224
' 289 290 218 254 230 239 210
Lemobiline (28) 243 244 188 160 132 106
Araliopsine (29) ; 259 260 242 200 172 144
Araliopsine acetate (30) 301 302 242 200 172 144
1
O-Methylbalfourodinium (31) cation 286" 271 224
* 304 232 254 254" 239 210
4-Chloro-6-methoxydihydrofuro-(3,2-¢)-quinoline (40) 235 236 221 193
‘ 237 238 223 195
. Dihydropyranoquinol-4-ones
Ribalinine (32) 259 260 242 200 172 144
Isobalfourodine (33) 289 290 272 240 225 197 169
Quinol-2-ones !
7,8-Dimethoxy-4-hydroxy-quinol-2-one (34) 221 222 207 189 179
7,8-Dimethoxy-1 ,3-dimethyl-4;hydroxy-quino]—2-0ne (35) 249 250 235 220 192
4,7,8-Trimethoxy-3-iodo-quinol-2-one (36) 361 362 334 306 278 250 222
8-Methoxy-4-hydroxy-quinol-2-one (37) 191 192 177 135
4-Hydroxy-1-methylquinol-2-one (38) 175 176 134
4-Epoxygeranyloxyquinol-2-one (39) 313 336 184
4-Ethyloxy-8-methoxyquinol-2-one (41) 219 220 192 177 135 107
4-Acetyloxy-3-(1,1’-dimethylailyl)-1-methyl-quinol-2-one (42) 285 286 244 188 134 106
3-(2'-Hydroxy-3'-methylbut-3'-¢nyl)-4-methoxy-1-methylquinol-2-one (43) 273 296 256 224 196 181
4,8-Dimethoxy-3-(2',3'-dihydroxy-3'-methylbutyl)-1-methylquinol-2-one (44) 321 344 326 254 226
4,6-Dimethoxy-3-(3'-methyl-2'-bxobutyl)- 1-methyl-quinol-2-one (45) 303 304 232 204 188

Dictamnic acid (52) . 219 220
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Table 1 (Continued)

Compound name MM [M+H]* [M+Na]* MS? Ms3 Ms? MS? Ms$
4-Methoxyquinol-2-ong¢ (53) 175 176
4-Methoxy-1-methylquinol-2-one (54) 189 190 175 147
3-Bromo-4-hydroxyquinol-2-one (55) 239 240 161
4-Dimethylallyloxy-1-methylquinol-2-one (56) 243 244 176 134 106
1,3-Dimethyl-4-hydroxyquinol-2-one (57) 189 190 134
1-Ethyl-4-hydroxy-3-methylquinol-2-one (61) 203 204 176
3-Geranyl-4-hydroxyquinol-2-one (62) 297 298 174 146
Lunacridine (64) ! 305 306 288 232 217
Edulitine (65) 205 206 191

Other quinoline derivatives
Orixine (46) ‘ 335 336 246 216 188 160 131
5-Methoxy-2,2-dimethyldihydropyrano-(2,3-b)-quinoline (47) 243 244 188 158 130 103
3,5-Diacetyloxy-2,2-dimethyldihydropyrano(2,3-b)quinoline (48) 329 352 292 250
2,4-Dichloroquinoline (49) 197 198/200/202
2,4-Quinolinediol (50) | 161 162
2,4-Dimethoxyquinoline (51) 189 190 175 147
2,4-Dimethoxyquinoline-3-carboxylic acid (58) 233 234 216 186 158
2,4,8-Trimethoxyquinoline (59) 219 220 205 176 161
2,4,7-Trimethoxyquinoline (60) 219 220 205 176
Vepridimerine-A (66) 602 603 368 326 n 296
Ketoquinolonedimer (67), 428 429 242 200 172

* The fragment ion in bold is the one chosen for the next fragmentation step.

a fragment ion but no further losses were observed as seen for
7-hydroxyflindersine (4).

3.1.2. HPLC and GLC behaviour

The seven flindersines were analysed by HPLC and GLC.
From the results in Table 2, the most polar compound of the
group with both the OH and the NH groups acting as weak
acids was seen to be 7-hydroxyflindersine (4) which had, as
expected, the lowest reversed phase HPLC retention time of
8.17 min. 7-Hydroxyflindersine (4) is a relatively non-volatile
and high melting point compound and is found to be retained on
the GLC column. Tetrahydropyranyloxyflindersine (6) is an oil
and it behaves similarly to (4) with no GLC signal in the time
scale of the experiment. N-Methylation of 7-hydroxyflindersine
effectively reduces its polarity by removing the weakly acidic
NH group and hence 7-hydroxy-N-methylflindersine (3) has
an HPL.C R; of 10.60 min. This substance, isolated as an oil,
was also retained on the GLC column. N-Methylflindersine (1)
lacks both weakly acidic OH and NH groups and is thus less
polar than the above corﬁpounds with an R; of 17.77 min using
HPLC. ‘

7,8-Dimethoxyflindersine (2) possesses the weakly acidic
NH group but also two relatively hydrophobic methoxy groups.
As a result it gives an HPLC R, of 12.04 min and GLC elution
at 22.57 min. Veprisine (5) has lost the weakly acidic NH group
by methyl substitution but retains the two relatively hydropho-
bic methoxy groups. This results in an increased HPLC R; of
18.06 min.

It was expected that 7-dimethylallyloxy—N-methylﬂindersine
(7), with its hydrocarbon side-chain and an N-methyl group,
would be least polar compound in this group of quinolines but
it gave no signal using GLC. A possible reason for the com-
pound not being eluted may be due to a Claisen rearrangement
under the elevated temperature conditions of GLC. The ally-

loxybenzenes are known to undergo this rearrangement yielding
2-allylphenols. If compound (7) undergoes this rearrangement
it will produce a 7-hydroxy derivative which may not be eluted
from a GLC column as with 7-hydroxyflindersine (4).

3.2. 3-C-Dimethylallylquinol-2-ones

3.2.1. ESI-MS" behaviour

These quinolones [11,12] are structurally similar except
for the positions of the methyl and methoxyl groups. These
molecules behave similarly at the initial MS? stage in that all the
compounds except (12) give a loss of 56 u which is due to C4Hg
(i.e. 2-methylprop-1-ene) breaking off from the dimethylallyl
side-chain leaving a =CH; functionality at the 3-C position. 4-
Hydroxy-3-(3’-methylbut-2'-enyl)-quinol-2-one (11) then loses
28u at the MS3 stage due to CO loss from the C-4 posi-
tion and ring contraction. 4-Hydroxy-7,8-methylenedioxy-3-
(3’-methylbut-2-enyl)-quinol-2-one (13) loses 30 u after the ini-
tial loss of 56 u. This could be due to the loss of CH>=0 from
the 7,8-methylenedioxy group. A 28 u loss then occurs as with
11).

4-Hydroxy-8-methoxy-3-(3'-methyl-2'-hydroxybutyl)-1-
methylquinol-2-one (12) is not a 3-C-dimethylallylquinol-2-one
but behaves like one after an initial loss of H,O. The loss of
H,O forms a double bond in the side-chain creating a structure
like the molecule 4-hydroxy-8-methoxy-3-(3'-methylbut-2'-
enyl)-1-methylquinol-2-one (10). Both molecules have the
same fragmentation pattern after that stage in that they both
lose the C4Hg group from the side-chain in the 3 position and
then proceed to lose 54 u (CH,=C=C=0) followed by loss of a
methyl group (15u). 4,6-Dimethoxy-3-(3'-methyl-but-2-enyl)-
quinol-2-one (63) showed an initial loss of 56 u, due to C4Hjs.
Further losses of 15 and 15u from the two methoxyl groups
were observed.

36
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Table 2 |
HPLC and GLC behaviour of quinolines
Compound name R, values (min)
HPLC GLC
Flindersine compounds
7-Hydroxyflindersine (4) 8.17 -
7-Tetrahydropyranyloxyflindersine (6) 8.20 -
7-Hydroxy-N-methylflindersine (3) 10.60 -
7,8-Dimethoxyflindersine (2) 12.04 22.57
N-Methylflindersine (1) 17.77 18.83
Veprisine (5) 18.06 -
7-Dimethylallyloxy-N-methylflindersine (7) - -
3-C-Dimethylallylquinol-2-ones
4-Hydroxy-6,8-dimethoxy-3-(3'-methylbut-2"-enyl)-quinol-2-one (9) 7.36 22.42
4-Hydroxy-3-(3’-methylbut-2'-enyl)-quinol-2-one (11) 7.52 20.33
4,6-dimethoxy-3-(3'-methyl-but-2’-enyl)-quinol-2-one (63) 9.81 21.34
4-Hydroxy-7,8-methylenedioxy-3-(3’-methylbut-2'-enyl)-quinol-2-one (13) 10.33 21.10
4-Hydroxy-6-methoxy-3-(3'-methylbut-2’-enyl)-quinol-2-one (8) 12.20 23.55
4-Hydroxy-8-methoxy-3-(3'-methylbut-2’-enyl)- 1-methylquinol-2-one (10) 12.40 21.61
4-Hydroxy-8-methoxy-3-(3'-methyl-2’-hydroxybutyl)-1-methylquinol-2-one (12) 12.76 23.07
Linear and angular furoquinolines
Evoxine (20) 5.70 23.42
Choisyine (21) 6.97 -
7-0-Dimethylallyl-y-fagarine (22) 8.08 2143
Skimmianine (18) 8.55 20.77
Dehydroplatydesmine (25)' 9.49 -
+y-Fagarine (17) ‘ 9.79 18.99
5-Methylfuro-(3,2-c)quinol-4-one (15) 10.07 16.28
Dictamnine (19) ) 10.31 18.22
4,6-Dimethoxyfuro(3,2-c)-quinoline (16) 10.73 16.14
6,7-Methylenedioxyfuro-[2,3-b]quinol-4-one (24) - 18.61
4-Chloro-6,7-methylenedioxy-furoquinoline (23) - -
Dihydrofuroquinolines '
Balforodine (27) 521 28.20
Araliopsine (29) 593 2271
Lemobline (28) 6.89 -
Ifflaiamine (26) 7.18 21.62
Araliopsine acetate (30) ! 9.40 23.78
2-Hydroxyisopropyl-6-methoxy-5-methyldihydro-furo(3,2-c)quinol-4-one (14) 10.72 22.56
4-Ch]oro-6—methoxydihydrofuro-(3,2—c)-quinoline (40) 12.82 18.34
O-Methylbalfourodinium (31) - 21.38
Dihydropyranoquinol-4-ones
Ribalinine (32) 5.37 22.63
Isobalfourodine (33) - 2435
Quinol-2-ones :
Dictamnic acid (52) | 421 21.33
3-Bromo-4-hydroxy-quinolin-2-one (55) 437 20.16
4-Methoxy-1-methyl-quinolin-2-one (54) 4.49 21.36
1,3-Dimethyl-4-hydroxy-quinolin-2-one (57) 5.61 18.20
4-Methoxy-quinolin-2-one (53) 5.67 18.61
4-Hydroxy-1-methylquinol-2-one (38) 5.98 16.63
1 —Elhyl—4-hydroxy-3-med1y1-duinolin-2-one (61) 6.00 18.84
Edulitine (65) ‘ 6.04 20.46
7.8-Dimethoxy-4-hydroxy-quinot-2-one (34) 6.50 19.55
7.8-Dimethoxy-1,3-dimethyl-4-hydroxy-quinol-2-one (35) 6.68 19.98
4,8-Dimethoxy-3-(2',3'-dihydroxy-3'-methylbutyl)-1-methylquinol-2-one (44) 7.37 -
4-Ethyloxy-8-methoxyquinol-2-one (41) 7.64 19.37
4,7,8-Trimethoxy-3-iodo-quinol-2-one (36) 8.32 2141
8-Methoxy-4-hydroxy-quinol-2-one (37) - -
3-Geranyl-4-hydroxy-quinolin-2-one (62) 10.16 -
4-Epoxygeranyloxyquinol-2-one (39) 10.33 -
3-(2’-Hydroxy-3'-methylbut-3'-enyl)-4-methoxy-1-methylquinol-2-one (43) 10.33 21.10
4,6-Dimethoxy-3-(3'-methyl-2’-oxobutyl)- 1 -methyl-quinol-2-one (45) 10.71 22.21
4-Dimethyl-allyl-oxy-1-methyl-quinolin-2-one (56) 12.56 1943
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Table 2(Continued )

Compound name

R, values (min)

HPLC GLC
Lunacridine (64) 13.28 24.80
4-Acetyloxy-3-(1’,1’-dimethylallyl)- 1-methyl-quinol-2-one (42) - 19.38

Other quinoline derivatives

2,4-Dimethoxyquinoline-3-carboxylic acid (58) 424 1747
2,4-Quinoline diol (50) ‘ 433 21.39
3,5-Diacetyloxy-2,2-dimethyldihydropyrano(2,3-b)quinoline (48) 6.47 -
Orixine (46) ‘ 10.74 23.13
2,4,8-Trimethoxy quinoline (59) 11.32 17.67
2,4-Dichloroquinoline (49) 15.17 13.65
2,4-Dimethoxyquinoline (51) 15.18 14.78
2,4,7-Trimethoxyquinoline (60) 15.34 17.91
5-Methoxy-2,2-dimethyldihydropyrano-(2,3-b)-quinoline (47) - 18.40
Vepridimerine-A (66) - -
Ketoquinolinedimer (67) 20.19 20.19

3.2.2. HPLC and GLC behaviour

Seven 3-C-dimethylallylquinol-2-ones were submitted to
chromatographic analysis. All of the compounds eluted with
GLC retention times in excess of 20min (Table 2), illus-
trating that the effects of the weakly acidic OH and NH
groups were counterbalanced by the effect of the hydrophobic
side-chain. For example, 4-hydroxy-3-(3’-methyl-but-2’-enyl)-
quinol-2-one (11) is unsubstituted in the benzene ring and had a
GLC retention time of 20.33 min. Its relatively low HPLC reten-
tion time of 7.52 min shows the importance of the weakly acidic
4-OH and 1 N—H groups in its elution. If the hydrogens in these
groups are substituted by methyl as in (63) and (10), respectively,
then the HPLC retention times“ increase to 9.81 and 12.40 min,
respectively. The hydroxyl group in the 3-C side-chain increases
the overall polarity of the molecule and results in an increase in
the GLC retention time when compounds (10) (21.61 min) and
(12) (23.07 min) are compared.,

Substitution of a methoxyl group in (11) in position
6 increases the R; in HPLC from 7.52 to 12.20min as
observed for 4-hydroxy-6-methoxy-3-(3’-methylbut-2’-enyl)-
quinol-2-one (8) suggesting that the +R mesomeric/resonance
effect of OMe has reduced the acidity of the 1 N—H group.
Compound (8), however, stays on the GLC column longer than
compound (11). ‘

3.3. Linear and angular furoquinolines

3.3.1. MS behaviour

This group possesses the basic quinoline structure with an
attached furan ring as shown in Fig. 1. The molecules differ only
in the positions of substituent groups such as methoxyl groups.
5-Methylfuro-(3,2-c)quinol-4-one (15) loses 28u at both the
MS? and MS? stages. This would be due to a loss of CO
from both position 4 and the furan ring. y-Fagarine (17) [8]
has a methoxyl group present on both the 4-C and 8-C atoms.
The initial loss of 15u by this molecule is due to the loss of
a methyl group from one of these methoxyl groups leaving
the oxygen behind to form a carbonyl group. A further loss

of 28u is due to the loss of this oxygen atom with a carbon
atom in the form of CO. The MS” signals for (17) are given in
Fig. 3.

Skimmianine (18) behaves similar to y-fagarine (17) losing
15 uin MS? stage and a loss of 18 u in the MS> stage. This loss is
likely to be due to H,O from an OH group which would have to
be generated by furan ring opening under the MS conditions. A
total of 28 u (CO) is lost at MS* followed by aloss of 15 u{(CHj3)
and 28 u (CO) at MS® and MS® levels. Dictamnine (19), which
has only one -OCHj3 group, loses 15 u due to the loss of CHj at
the MS? stage. At the MS? stage a loss of S6u is observed and
this may be due to the simultaneous loss of two CO molecules
coming from the two oxygen atoms.

Evoxine (20), 7-O-dimethylallyl-y-fagarine (22) and
choisyine (21) all lose a large side-chain but at different MS
stages. Evoxine initially loses H2O after which a loss of 84u
is observed. This is due to a loss of the CsHgO side-chain
leaving a carbonyl group at the 7-C position. This ion fragment
further loses 15, 15 and 28 u successively. 7-O-Dimethylallyl-
v-fagarine (22) initially loses the dimethylallyl side-chain as
CsHg (68 u). Choisyine (21) loses 74 u at the MS2 stage, pre-
sumably due to ring opening and loss of part of the dihydrofuran
side-chain.

The presence of chlorine in 4-chloro-6,7-methylenedioxy-
furoquinoline (23) is seen by the isotopic cluster at m/z
248 and 250 for the [M+H]* ion. The loss of the chlorine
radical occurs at the MS? stage and further fragmentation
was not observed. 6,7-Methylenedioxyfuro-[2,3-b]quinol-4-one
(24) loses 42u initialty, possibly due to the loss of CoH;0
from the furan ring. Further loss of 28 u at MS? stage may be
due to the loss of CO from the 4-carbonyl group. For dehy-
droplatydesmine (25) only the [M +H]J* ion is observed at m/z
258.

3.3.2. HPLC and GLC behaviour

Dictamnine (19) has one methoxyl group in the 4 position,
y-fagarine (17) has methoxyl groups in the 4 and 8 posi-
tions and skimmianine (18) has methoxyl groups in the 4, 7
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and 8 positions. The: HPLC retention times for these com-
pounds are 10.31, 9.79 and 8.55min and their GLC reten-
tion times are 18.22, 18.99 and 20.77 min, respectively. The
HPLC results appear to indicate that, in the absence of -OMe
+R effects on weakly acidic groups as is observed for 4-OH
and 1-NH quinolines, the more -OMe groups these quino-
lines possess the more polar their retention behaviour is. The
GLC behaviour is explained by the relationship of increased

* Flindersine Compounds

polarity to increased retention time. 4,6-Dimethoxyfuro(3,2-¢)-
quinoline (16) is structurally similar to y-fagarine (17) but is
in an angular form. It stays on the HPLC column longer than
v-fagarine and elutes faster using GLC. It appears that the lin-
ear compound behaves in a more polar manner than the angular
compound.

Evoxine (20) has a similar structure to 7-O-dimethylallyl-y-
fagarine (22), except it is more polar, containing two hydroxy

{1) Ri=CH; R;=Rs=H (2) Ry=H R;=R;=OCHj (3) R;=CH; R,=OH Ry=H

(4) R1=R3=.H R2=OH (5) R1=CH3 R1=R3=0CH3

(6) Ri=R;=H Ry= tetrahydropyranyloxy, (7) Ri=CH3; Ry=Dimethylallyloxy R;=H

3-C-Dimethylallylquinol-2-ones

(8) R|=R2=R3=H, R4=OCH3 (9) R|=CH3 R1=R4=OCH3 R3=H.

(10) R1=CH3, R2=OC.H3, R3=R4=H (1]) R1=R2=R3=R4=H

(13)'Ri=Rs=H Ry=R;=Methylenedioxy

(63) Ri=R,=R3=H, R4=OCH;, OH in 4-position replaced by OCH;

Linear and Angular Furoquinolines

Fig. 1. Chemical structures of quinolines.
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(19) RF’OCH; R2=R3“~‘—'

@1
(] 7) Rr""OCH'; R3=R3=R5=H R[—"OCH;{ (]8) R‘=R3=R4=OCH3 R2=R5'—'H

=Rs=H (20) Rj=R4=OCHj; R=Rs=H

R3=OCHQCH(OH)C(OH)(C1“13)3 (22) R|=R4'—’OCH3 R2=R5=H R3=O-dimethylal|yl

(23)R 1=Cl RQ-R3=OCH20 R4=R55H (24) R]=Ox0 RQ-R3=0CHQO R4’=R5=H

{25) Ri=OCHa Ry=Rs=Ry=H Rs=Hydroxyisopropyl

Dihydrofuroquinolines

0
R4
e
N Q R2

(26) R;=Ry=Rs=Rs=Me Ry=Rs=H (27) R;=C(OH) (CHs)» R;=R;=Rs=H Rs=OCHj

Ry=CHs (28) R =Ro=Ry=R¢=CH; R=Rs=H

6 NI
OCH; CH;
(14)

OH Ri
0 N o
R

OCH,
l A
e
N (o)
OCH, | OH

3 CH,
@31

(29) Ry=C(OH)(CHs); R=CH,

(30) Ri=C(OAc)CH;): Ry=CHa

Fig. 1. (Continued)

groups on the dimethyallyl side-chain. Evoxine therefore
behaves as a more polar molecule with an HPLC retention time
of 5.70 min compared to 8.08 min for (22). It also has the longest
GLC retention time of this group.of compounds with a value of
23.42 min. Dehydroplatydesmine (25) has a similar structure to
dictamnine (19) except it has a hydroxyisopropyl side-chain. The
more polar dehydroplatydesmine therefore elutes faster than dic-
tamnine using HPLC with retention times of 9.49 and 10.31 min,
respectively. Using GLC dehydroplatydesmine did not elute in
the time scale of the experiment. Choisyine (21), which has a
hydroxyl group in the side-chain, behaves like a polar molecule
and elutes early on HPLC with a retention value of 6.97 min.
But it is retained on the GLC column and does not elute within
the run time.

3.4. Dihydrofuroquinolines

3.4.1. MS behaviour

Both linear and nonlinear forms of this group are present in
nature. Ifflaiamine (26) {8] and lemobiline (28) [9] adopt the lin-
ear form and have the same molecular masses. The molecules
are structurally similar and the fragmentation patterns are the
same. However, they can be differentiated by their retention
times using GLC as discussed in Section 3.4.2, From the struc-
tures of these isomers, the initial loss of 56u cannot be eas-
ily accounted for. Loss of 56 u may be due to loss of butene
(C4Hg). To lose C4Hg from structures (26) and (28) as a sin-
gle mass loss, the opening of the dihydrofuran ring followed
by retero Claisen rearrangement of the 5-C chain to produce
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dihydropyranoquinol-4-ones

N
)

R,

CH,

OH

CH,
07 "CH,

(32) Ry=H (33) R=0CH;

quinol-2-ones

Rs

Ry

Rs

R,

R6
2
I? 0
R

1

(34) Ri=Rs=Rs5=Rs= H, R;=R;=0CH; Rs=0H (35) Ri=Rs=H, R;=Rs=0CH; R;=R; =

CHs, Re= OH (36) Ri=Rs= Rs =H, R;=R:;=R¢=OCH; Rr=I (37) Ri=R3=Rs=Rs =

R7=H, R;=0OCH;, Rs=OH (38) Ri=CHs, R==R:=Rs= Rs =Rs=H, Re=0OH

(39) Ri=R=R5=R4=Rs=R;=H, R¢=Epoxygeranyloxy (41) R)=R;=Rs~Rs=R;=H,

Ré=OCH3‘ R¢=0C;H;s (42) Ri=CH3;, Ry=R3;=Rs= Rs=H, R¢=0COCH; R;=1",1’-

dimethylallyl (43) R=CH3 R»=R3;=Ry=Rs=H, R¢=OCH;, R+=2’-hydroxy-3’-

methylbut-3’-enyl (44) R;=CH;_ Rp=R=OCH;, Rs=R;=Rs=H, R;=2",3’-dihydroxy-3’-

méthylbutyl (45) Rj=CH;, Ry=Rs= Rs=H, Rs=Rs =OCH;, R7=3 -methy|-2*-oxcbuty|

(52) Ri=R>=R3=Rs=H, Rs= Re=0CH; R+=COOH (53) Ri=R,=R3;=R4=Rs=Rs=H,

Rs=OCH: (54) Ri=CHs, R=Rs=R;=Rs=R;=H, R¢=OCH;

(55) Ri=R=R3=Rs=Rs=H, R¢=0OH, Rs=Br (56) R;=CH;, R=R;=R4=Rs=Rs;=H,

R(;—%dimethylallyloxy (57) R|=R.7=CH3, R2=R3=R4=R5=H, R6=OH (6]) R|=CH2CH3,

Ra= R3=R4=R;5=H, Rg=OH, R=CHj3 (62) Ri=R;=R;=RRs=H, R¢=OH, R=Geranyl

(‘64) R=CH3j, Ra=Rs=0OCHj3, R3=R4=Rs=H, R= 2-Hydr oxy-3-methy]butyl

(65) R1=R3=R4=R s=R;=H , R:"R(,:OCI'l 3

Fig. 1. (Continued)

a 3,3-dimethylallyl side-chain which can lose a 4-carbon unit
as butene has to be considered. The resulting ions each lose
CO at the MS? and MS* stages followed by a loss of 26 u pos-
sibly due to a loss of acetylene as a neutral molecule at the
MS° stage. 2-Hydroxyisopropyl-6-methoxy-5-methyldihydro-
furo(3,2-c)quincl-4-one (14) shows an initial loss of 18 u. This
is due to the loss of HyO from the hydroxyisopropy! side-chain
on the furan ring. A loss of 42 u at the MS3 stage indicates that
C3Hg is lost from this side-chain. The further loss of 15u is
due to the loss of a CH3 group from the methoxy! group on the
6-C atom. Araliopsine (29) {12], which is also in the angular
form, initially loses 18 u, which is due to loss of H,O from the

hydroxyl group in the side-chain on the furan ring. The loss of
42 u at the MS? level is likely to be due to the loss of C3Hg from
this side-chain. The loss of 28 u at MS* and MS? stages indicates
further losses of CO. Araliopsine acetate (30) loses acetic acid
initially, which has a mass of 60u. The fragmentations there-
after are identical to araliopsine (29). Balfourodine (27) and the
methylated quaternary derivative balfourodinium cation (31),
as expected, behave similarly in the ESI-MS” study. Both com-
pounds have a hydroxyisopropyl side-chain at position 2. Hence,
at the MS? stage, an initial loss of H,O has been observed.
Losses of propene, CH3 and CO are also common to both
molecules.



72 F. O’Donnell et al. / Analytica Chimica Acta 572 (2006) 63-76

other gquinoline derivatives
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{47) Ry=H, R»=OCH;
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(49) Ri=Ry=Cl, Rx=R4=Rs=H (50) R;=R;=0H, R>=R;=Rs=H (51) Ri=R3=0CH;,
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RQ=R4=H (60) R“'"R_;":R.;”()CH 2 Rg‘—”’Rs'—"'H

Fig. 1. (Continued).

The [M+H]* ions reported for 4-chloro-6-methoxy-
dihydrofuro-(3,2-c)-quinoline (40) account for both isotopes of
Cl. The data obtained from this molecule show a loss of CHj
from a methoxyl group present on the 6-C atom. A further loss
of 28 u at MS? indicates the loss of CO from this position. The
proposed fragmentation pattern for (40) is given in Fig. 4.

3.4.2. HPLC and GLC behaviour

Araliopsine acetate (30) should behave in a less polar
manner than (29) due to the loss of a free ~-OH group on
the side-chain. The retention times using HPLC are 9.40
and 5.93 min, respectively, as expected. 2-Hydroxyisopropyl-6-
methoxy-5-methyldihydro-furo(3,2-c)quinol-4-one (14) has an
HPLC retention time of 10.72min in comparison to its lin-
ear form, balfourodine (27), which has an HPLC retention
time of 5.21 min. Their GLC retention times are 22.56 and

28.20 min, respectively. This suggests that the linear form of
the compound is more polar than the angular form. The iso-
meric lemobiline (28) and ifflaiamine (26) give relatively low
HPLC retention times of 6.89 and 7.18 min illustrating their
relative polarity. 4-Chloro-6-methoxydihydrofuro(3,2-c)quinol-
4-one (40) behaves in the least polar manner for this group of
dihydrofuroquinolines in that it has an HPLC R; of 12.82 min
and a GLC R; of 18.34 min. O-Methylbalfourodinium (31) has
a GLC retention time of 21.38 min but is not detected by HPLC,
presumably being eluted as a cation with the solvent front.

3.5. Dihydropyranoquinol-4-ones

3.5.1. MS behaviour
Both linear and angular forms of pyranoquinolines are present
in nature with ribalinine (32} and isobalfourodine (33) both pos-

375
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Fig. 2. ESI-MS” fragmentation of N-methylflindersine.

sessing the linear form. The only difference in structure between
the two compounds is the occurrence of a methoxyl group in the
9-C position of isobalfourodine. Ribalinine (32) {13] and isobal-
fourodine (33) initially lose a molecule of water. This would be
due to loss of the aliphatic hydroxyl group. Ribalinine then loses
42 u, which is probably a neutral mass loss of propene. There
are two further 28 u losses due to CO with corresponding ring
contractions. Isobalfourodine has an extra methoxy group in its
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Fig. 4. ESI-MS" fragmentation of 4-chloro-6-methoxydihydrofuro-(3,2-c)-
quinoline.

primary structure but does not show the loss of 42 u as in the
case of ribalinine. Instead, it loses 32 u which could be due to
loss of methanol. A loss of 15u at MS* would then be due to
a methyl group. However, it does show further losses of CO,
which is similar to ribalinine.

3.5.2. HPLC and GLC behaviour

GLC results for isobalfourodine (33) and ribalinine (32)
showed their retention times at 24.35 and 22.63 min, respec-
tively, indicating that they are relatively polar compounds having
the ~OH group in the pyran ring. Such an effect was also
observed for other quinolines which have an ~OH group in
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Fig. 3. ESI-MS" spectra of y-fagarine.



74 F. O’Donnell et al. / Analytica Chimica Acta 572 (2006) 63-76

the 3-C dimethylallyl side-chain. The HPLC retention time of
5.37 min for (32) again illustrates the polarity of such -OH sub-
stituted compounds.

3.6. Quinol-2-ones

3.6.1. MS behaviour

Almost all of the quinol-2-ones show signals due to their
{M +H]* ions using ESI-MS. A few of these molecules due to
their contact with glass vials also show signals due to [M + Na]*
adduct ions. ESI-MS” fragmentations are dependent on the sub-
stituent groups attached to these molecules. If methoxyl groups
are present, loss of 15u at the MS? stage is a common feature
as illustrated by quinol-2-ones of structures (34), (35), (37) and
(65) in Table 1. Quinol-2-ones, with alkyl substituents such as
dimethylallyl and geranyl, represented by a structure such as
(62), tend to fragment at the alkyl side-chains at the MS? stage,
e.g., 3-geranyl-4-hydroxy-2-quinolinone (62) showed an initial
loss of 124 u. This was possibly CoH)¢, which would have been
part of the side-chain breaking off. Similar to many aromatic
C-alkyl derivatives some of these C-alkyl quinol-2-ones can
fragment at the carbon a—f3 bond leaving the a-carbon attached
to the quinolone nucleus. So, a S-carbon side-chain loses a
4-carbon unit either as butene or butadiene depending on the
presence of a double bond in the side-chain. A substituent such
as a geranyl group loses a 9-carbon side-chain. 4,6-Dimethoxy-
3-(3'-methyl-2’-oxobutyl)-1-methyl-quinol-2-one (45) shows a
loss of 72u at the MS?2 stage due to a loss of C4HgO from
the 3-C side-chain, leaving a CH; group attached to the 3-C
position. The second loss of 28 u at MS? indicates a loss of CO
from the 2 position. Those quinol-2-ones with alkyl groups on an
oxygen function tend to lose the entire alkyl unit in the fragmen-
tation stages, €.g., 4-dimethylallyloxy-1-methyl-2-quinolinone
(56) showed an initial loss of 68 u, which corresponds to the loss
of CsHg. Further losses of 42 and 28 u were then observed. Ethyl
substituents either on oxygen or nitrogen atoms have been found
to lose ethene at the MS? stage as indicated by fragmentations of
quinol-2-ones (41) and (61). 4-Epoxygeranyloxyquinol-2-one
(39) shows an initial loss of 152 u due to the side-chain at posi-
tion 4 breaking off. There were no further losses observed for
this molecule at MS® and MS* stages.

Compound (42) loses 42u at MS? level due to a possible
loss of ketene (CH,=C=0) resulting in a formation of an angu-
lar dihydrofuroquinoline by cyclisation with the neighbouring
dimethylallyl group. Further fragmentation of this ion is similar
to compounds (26) and;(28).

Bromo- and iodolquinol-2-ones behave differently on
ESI-MS" analysis. The bromo compound (55) loses the Br rad-
ical at the MS? stage, whereas with the iodo compound (36) the
loss of the I radical was not observed.

4,8-Dimethoxy-3-(2',3’-dihydroxy-3’-methylbutyl)-1-
methylquinol-2-one (44) shows an initial loss of 18u which
is due to HyO from one of the hydroxyl groups on the
3-C side-chain. Another neutral mass loss of 72u due to
C4H3zO was then lost from the side-chain. A further loss of
28u would be due to the loss of CO from the 2 position.
4-Methoxy-1-methyl-2-quinolinone (54) showed an initial loss

of 15u, due to CH3, and a second loss of 28u, due to CO.
1,3-Dimethyl-4-hydroxy-2-quinolinone (57) showed a loss of
56u at MS? which may be two losses of 28u, due to loss of
two CO molecules. Lunacridine (64) [8] initially loses HpO,
then loses part of the prenyl side-chain and finally loses 15u.
Dictamnic acid (52) [7] showed the [M +H]* ion at m/z 220 as
expected but did not give any fragmentation at the MS? level
even by increasing the collision energy.

3.6.2. HPLC and GLC behaviour

The relatively polar and weakly acidic 2,4-quinoline diol
(50) is discussed in the next subsection under other quinoline
derivatives. However, it can be named 4-hydroxyquinol-2-one
and has a retention time of 4,33 min using HPL.C and 21.39 min
using GLC. A number of quinol-2-ones chromatographically
analysed are structurally similar to (50) but differ in the
substituent groups present. In general, the substitution of alkyl
and alkoxy groups gave rise to increased HPLC retention times
as shown in Table 2. 3-Geranyl-4-hydroxy-quinolin-2-one (62)
and 4-epoxygeranyloxyquinol-2-one (39) are retained longer
on the HPLC column at 10.16 and 10.33 min, respectively,
due to the effect of their hydrophobic side-chains. Similarly,
4-dimethylallyloxy-1-methyl-quinolin-2-one (56) is retained
on an HPLC column significantly longer than (54) with
retention time 12.56min as compared to 4.49min due to
the hydrophobic/non-polar nature of its dimethylallyloxy
side-chain.

1,3-Dimethyl-4-hydroxy-quinolin-2-one (57) differs from 4-
hydroxy-1-methylquinol-2-one (38) by having an extra methyl
group in the 3 position. (57) behaves in a more polar manner as
ithas a shorter retention time using HPLC and a longer retention
time using GLC. But the +I effect of CH3 group in the 3 posi-
tion would decrease the acidity of the 4-OH group and hence
make it less polar. Therefore, the more polar behaviour of (57)
using HPLC and GLC is difficult to explain on these electronic
grounds. However, due to tautomerism of the 4-OH group, (38)
may be more affected than (57) by this process and behave more
like a 2,4-diketone and hence be less polar.

In comparison to 4-hydroxy-1-methylquinol-2-one (38), 4-
methoxy-1-methyl-quinolin-2-one (54) would be expected to
stay on the HPLC column longer due to having a methoxy group
in place of the weakly acidic hydroxyl group. However, this is
not what is observed. (54) behaves in a more polar manner using
both HPLC and GL.C with retention times of 4.49 and 21.36 min,
respectively, in comparison to 5.98 min (HPLC) and 16.63 min
(GLC) for (38). Compound (38), as has been stated above, has a
structure which can undergo keto-enol tautomerism. It may be
possible that (38) behaves more like a 2,4-diketone and hence is
less polar.

Dictamnic acid (52) has a weakly acidic carboxyl group
present in the 3 position. 4-Methoxy-quinoline-2-one (53) shares
the same structure as dictamnic acid except it does not have this
carboxyl group. Due to this dictamnic acid gives rise to a particu-
larly short HPLC retention time (4.21 min) and a relatively long
GLC retention time (21.33 min) in comparison to 4-methoxy-
quinoline-2-one (53) with retention times of 5.67 and 18.61 min,
respectively.
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3.7. Other quinoline derivatives Table 3

ESI-MS data following HPLC of acid soluble extract of Choisya ternata

3.7.1. MS behaviour Peak number HPLC retention time [M+HI*
Molecules in this group have a variety of structures, ) 348 330
substituent groups and:side-chains. Orixine (46) [8] has a 5 493 330
methylenedioxy group in the C-7 and C-8 positions. Orixine 3 5.79 348
initially loses 90u from the 3-C side-chain. This molecule 4 6.43 348
is similar to 4-hydroxy-7,8-methylenedioxy-3-(3’-methylbut- 3 6.95 330
. . . . . 6 7.80 260
2-enyl)-quinol-2-one (13), discussed in Section 3.2.1, since 7 496 330
they both lose CH;O from the methylenedioxy group in 8 048 366
the second stage after the initial loss of the 3-C side-chain. 9 12.95 344
5-Methoxy-2,2-dimethyldihydropyrano-(2,3-b)-quinoline (47), 10 15.06 313
like the flindersine molecules, loses a mass unit of 56 u initially. i; ;(6).22 ' igg

This corresponds to a loss of C4Hg from the pyrano ring. Then
there is a loss of 30 u, which may be a loss of CH,O from the
2-C position. For 3,5-dizi_cetyloxy-2,2-dimethyldihydropyrano-
(2,3-b)-quinoline (48) there is an initial loss of 60 u. This is due
to the loss of acetic acid; which may be from either acetyloxy
side-chain at the 3 or 5-C position. A loss of 42 u is seen at the
MS? level, which indicates a loss of C3Hg from the 2-C position.
2,4-Dimethoxyquinoline (51) showed a loss of 15u due to the
loss of a CHj radical at the MS? level and a loss of 28 u at the
MS? level due to the loss of CO. For 2,4-dimethoxyquinoline-
3-carboxylic acid (58), there was an initial loss of HyO and
then possibly CH,O. 2,4,8-Trimethoxyquinoline (59) and
2,4,7-trimethoxyquinoline (60) behave similarly on application
of ESI-MS". These compounds can however be differentiated
by HPLC as seen in Table 2. Both vepridimerine-A (66) and
the unsubstituted dimer (67) lose large side-chains initially.
Compound (66) loses 235 u and compound (67) loses 187 u.
Only the [M+H]* ions were observed for 2,4-dichloro-
quinoline (49) and 2,4-quinolinediol (50). The {M+H]* ions
reported for (49) account for the presence of two chlorine atoms.

3.7.2. HPLC and GLC behaviour

The weakly acidic 2,4-dimethoxyquinoline-3-carboxylic
acid (58) is shown to be the most polar compound in this group
with an HPLC retention time of 4.24 min. 2,4-Quinoline diol
(50), with weakly acidic properties, has a very similar reten-
tion time to (58) using HPLC but is retained longer on the GLC
column than (58). This can possibly be explained by a signifi-
cant difference in melting points, i.e. (58) has a melting point of
162 °C and (50) has a melting point of >300°C.

2,4-Dichloroquinoline (49) and 2,4-dimethoxyquinoline (51)
have a very similar retention time using HPLC suggesting com-
parable polarities but the dimethoxy derivative, (51), is retained
longer on the GLC column possibly due to their slight difference
in melting points (65 and 72 °C, respectively). An extramethoxyl
group at the 8 position, as with 2,4,8-trimethoxy quinoline (59),
appears to confer increased polarity and the HPLC retention
time is reduced considerably to 11.32 min. This is reflected in
an increased GLC retention time to 17.67 min. The structural
isomers (59) and 2,4,7-trimethoxyquinoline (60), differing only
in the positioning of one of the methoxyl groups, behave quite
differently in HPLC (11.32 and 15.34 min, respectively) indicat-
ing that the 2,4,8-trimethoxyquinoline (59) is more polar than
2,4,7-trimethoxyquinoline (60).

3.8. Plant extract examination by HPLC—-ESI-MS

The analytical database, as collated in Tables 1 and 2, has
found application in comparing these data with those of a plant
extract. C. ternata [8], a rutaceous plant known to contain quino-
line alkaloids, was chosen. The extract, containing tertiary alka-
loids of this plant and obtained by acid extraction of its leaves,
was analysed by HPLC-ESI-MS and the results were compared
with compound information on the database.

Inall, 12 HPLC-ESI-MS peaks were obtained. Mass spectral
data for all these peaks are shown in Table 3. For the peaks
numbered 1, 2, 5 and 7 the molecular ion is 330, which indicates
a molecular mass of 329. This corresponds with the molecular
mass of choisyine (21), known to be present in this plant. The
HPLC retention time of choisyine from the database, under the
same HPLC conditions, is 6.97 min. Peak 5 gives an HPLC R,
value at 6.95 min indicating that this peak could be choisyine.
Peaks 1, 2 and 7 may be due to isomeric structures of choisyine.
This would account for the same molecular mass but different
retention times. Examples of isomeric structures of choisyine
which may account for these peaks are shown in Fig. 5.

The molecules corresponding to peaks 3 and 4 have a molec-
ular mass of 347. Comparison with information on the database
indicates that peak 3 may be due to evoxine (20) as the reten-
tion times correspond. Peak 4 again could be due to an isomer
of evoxine. Similarly, peak 6 could be due to skimmianine (18)
with reference to the database.

7-0-Dimethylallyl-y-fagarine (22) has a molecular mass of
312 and is known to be present in the plant. The molecule cor-
responding to peak 10 has the same molecular mass but the
retention times do not correspond, again suggesting the pres-
ence of an isomer.

3.9. Database and web interface

The database contains the analytical results from ESI-MS”,
HPLC and GLC for 67 quinolines. For each compound the fol-
lowing additional information: molecular weight, molecular for-
mula and structure, is available. The compounds are categorised
as follows: flindersine compounds, 3-C-dimethylallylquinol-2-
ones, linear and angular furoquinolines, dihydrofurogquinolines,
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Fig. 5. Some quinolines isolated from Choisya ternata.
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dihydropyranoquinol-4-ones, quinol-2-ones and other quinoline
derivatives. The database is implemented in mySQL and run on
. acentral server in the Bioinformatics Research Group at the Uni-
versity of Ulster, http://bioinformatics.Ulster.ac.uk/~kay/. The
database may be browsed via a web interface, or interrogated
using standard web forms.

4, Conclusions

The analytical behaviour of a selection of 67 naturally occur-
ring and synthetic quinolines using the techniques ESI-MS”,
HPLC and GLC has been studied. This information will aid in
the identification of unknown naturally occurring quinolines as
borne out by the identification of certain quinolines in the acid
extract of the leaves of C. ternata. This study has also provided
an insight into the effect of substituent groups on the analytical

behaviour of these quinoline derivatives. It has been shown that
the nature and the position of the substituent groups in a partic-
ular quinoline contribute to its ESI-MS” and chromatographic
behaviour. Some synthetic derivatives have been included as
they could be biogenic precursors and could be found in plant
extracts in small concentrations.

The analytical information from this paper has been uploaded
into a database and has been made available on the Univer-
sity Intranet for use initially within the University of Ulster
Pharmaceutical Biotechnology Research Group. Ultimately the
complete database will be available on the Internet when this
information is in the public domain.
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Abstract—The genetic relationship of quinoline and isoquinoline compounds present in semicoking tars
of Kimovsk lignites (near-Moscow fields) with the initial vegetable material is discussed. Transformation
pathways of the native compounds in the course of lignite formation are suggested.

Recently there has been a considerable progress in
detailed studies of biological markers bearing infor-
mation about the initial biomaterial, primary sedimen-
tation, and hence about further diagenesis and cata-
genesis. Such studies formed a new direction in geo-
organic chemistry. Alkaloids form one of the most
important groups of lignite biomarkers. Structural
studies of individual nitrogen-containing heterocycles
isolated from lignites give insight into their genesis.
Extensive data have been obtained [1] on the composi-
tion of various extracts and tars formed in low-tem-
perature semicoking of lignite from the Kimovsk open
pit, near-Moscow fields.

It was found that the major organic bases of
semicoking tars (SCTs) are nitrogen-containing het-
erocycles boiling below 300°C (wt % of fraction):
pyridine (1.2), C,-alkylpyridines (2.1), C,-alkylpyr-
idines (5.8), C;-alkylpyridines (6.5) >Cj-alkylpyr-

idines (8.9), alkylquinolines (5.0), alkylisoquinolines
(10.4), hydrogenated quinolines (10.2), polycyclic
aromatic compounds (5.5), indoles (5.6), alkylindoles
(5.4), Cs-alkylindoles (5.0), >C,-alkylindoles (1.2),
carbazoles (3.9), and hydrogenated benzopyrroles
(12.3).

The share of quinoline and isoquinoline derivatives
in nitrogen-containing compounds is fairly high;
therefore, it seemed of interest to study the genesis
of these structures in the organic matter of lignites
(OML). A detailed study of organic bases from lignite
SCT by IR, UV, 'H NMR, and '*C NMR spec-
troscopy, cryoscopy, preparative thin-layer chro-
matography, GC-MS, and elemental and quantitative
functional analyses allowed identification of com-
pounds I-XXVII characterizing structural fragments
of OML and elucidation of the features of nitrogen
distribution (see scheme 1).

(Me, Et, CHyAc;

mCH=CH2, C-EL, i-Pr)
(Me, Et, PrNH; CH,—CH=CHy; SN ¢

AcCHy) I

Q(OMe, OH)
C L] C )
-~
(H, Me, Et) N

‘ Scheme 1.
H, Me ~ HO,C (Me, Et; CH=CHEY)
J
(Me, Et) N (MeO, HO) N
I i
Me N">Me
v

v

1070-4272/02/7504-0649 $27.00 © 2002 MAIK “Nauka/Interperiodica”



650 |

Eﬁ e
|
M¢€ N N

OMe, Et

wWa Wi

I
N~ OMe, Et, H
XVII

OMe, Et

(OH, MeO, PrO)C(I‘; (Me; OMe),ﬁjiIo (EtO; Et)é\/\’
H, MeO, OH

cfﬁa@@

1

In this connection, it was necessary to pay attention
to biomarkers that give insight into the relationship
between the nitrogen-containing lignite fragments and
the biological material. Structures I-XXVII in OML
should be associated with vegetable alkaloids, because
so strong enrichment of the initial organic matter with
oxygen-containing and alkyl groups by other path-
ways of biogeochemical degradation seems improba-
ble. Alkaloids occur most widely in Angiospermae,
especially in Papaveraceae, Ranunculaceae, Legumi-
nosae, Rubiaceae, Solanaceae, and some other fami-
lies. In algae, fungi, mosses, ferns, and Gymnosper-
mae, alkaloids occur relatively seldom; therefore, as
noted in numerous papers [2], the content of hetero-
cyclic nitrogen in sapropelic caustobioliths is relative-
ly low. The fact that alkaloids are distributed among
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botanic families nonuniformly gives reason to con-
sider them as fairly selective biological markers. It
should be noted that the group of quinoline and espe-
cially isoquinoline alkaloids is characterized by the
largest number of representatives and diversity of their
structures. This is confirmed by a large content of
quinolines and isoquinolines in SCT [1].

To reveal a genetic relationship between this group
of nitrogen-containing compounds and natural alka-
loids, we performed their structural classification
based on the structure of the heterocycle. Structures
I-XVII, XIX, and XX were classed with the quinoline
series; structures XVIII, XXV, and XXVI, with the
isoquinoline series; XXI-XXIII, with the quinazoline
series; and structure XXVII belongs to belong to
the group of natural alkaloids of the quinolizidine series.
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Distribution of various groups of alkaloids in the biological material

Plant family

|

Quinolines

Isoquinolines Quinazolines Quinolizines

Rutaceae

Rubiaceae | ++

Papaveraceae

Ranunculaceae |

Acantaceae

Leguminosae |

Chenopodiaceae

Berberidaceae |

Solanaceae

Menispermaceae.

Fungi producing alkaloid precursors in OML

++

o e S S A
+

A comparison of the molecules isolated from OML
with various natural compounds allowed the former
compounds to be classed with biomarkers of the sec-
ond kind, in which the thermodynamically stable mo-
lecular core is preserved, but substituents have under-
went changes in the course of biogeochemical trans-
formation of the organic matter of the initial vegetable
material, or in the course of semicoking (SC). The
structures of the organic bases allow fairly accurate
identification of families, genera, and even species of
plants from which lignite was formed (see table).

A large number of quinolines and isoquinolines are
produced by the Rutaceae, Rubiaceae, Leguminosae,
and Solanaceae families. Alkaloids of the quinoline
series occur in almost all the families, but in Papa-
veraceae their content is the highest. The theory of the
biological conservatism of plants gives grounds to
state that evolutionary precursors of these plant fami-
lies were involved in the primary sedimentations.
Also, a very important part in the stage of peat genesis
was played by fungi which produced various aliphatic
amines and polypeptides. Under the action of micro-
bial enzymes, these compounds transformed into vari-
ous nitrogen-containing heterocycles, including those
of the classes under consideration.

The preservation of the quinoline and isoquinoline
cores in OML is due to their fairly high thermody-
namic stability. It has been noted that these structures
are linked to the peripheral part of the coal macromo-
lecular network; however, owing to increased stabili-
ty, they are also'involved in formation of the poly-
meric core of a caustobiolith macromolecule. That is
why data on recovery of nitrogen-containing hetero-
cycles by nondestructive methods (e.g., extraction) are
scarce [1]. A large number of such structures, detected
in SCT, were released in the course of thermal de-
gradation of the polymeric matrix. For example, the
following mechanism can be suggested for formation
of quinoline in pyrolysis of coal:
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Quinolines formed in thermal degradation of caus-
tobioliths and occurring in the nature contain, as a
rule, a reduced (di- or tetrahydro) heteroring. This fact
gives grounds to state that, in chemical transforma-
tions occurring in the course of semicoking or of bio-
synthesis in the initial vegetable material, isoquino-
lines are formed by decarboxylation of aromatic ami-
no acids, many of which have been identified in aque-
ous extracts of coals. One of the major producers of
isoquinolines in the modern flora is the Papaveraceae
family. Representatives of this family contain such
alkaloids as, e.g., morphine, codeine, papaverine, etc.
One of possible pathways of biochemical transforma-
tions of native compounds is as follows:

=ZN ZN
MeO MeO SC, 2RH
—
O O -[R-R] MeO
MeO MeO OMe
XXVHI OMe OMe
Me

NYOENNe S
+ + +
MeO MeO ZN  MeO ZN

OMe sc, () Me sC
N THO A,

MeO ZN
MCO XN
MeO ZN xvm
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Papavering XXVIII undergoes enzymatic demeth-
oxylation. In the course of semicoking, one phenyl
radical undergoes radical elimination, and two isoqui-
noline fragments are coupled to form product XVIII
identified in SCT. In the course of biogeochemical
and subsequent thermochemical transformations, such
a structure can be yielded by degradation of polymeth-
ylene bridges in such compounds as salsoline (Sola-
naceae) and laudanine (Papaveraceae). It has been
found previously [3] that the organic matter of some
lignites contains isoquinoline lactams (isoquinolones),
which are presumably formed by amination in aqueous
solutions of the corresponding isocoumarins. Substi-
tuted isoquinolones were also isolated from SCTs of
lignites from the near-Moscow fields. The involvement
of plants producing alkaloids in the primary sedimen-
tation suggests that isocoumarin lactams could also be
formed by oxidative degradation of the corresponding
substituted isoquinolines. For example, skulerine
XXIX, which belongs to the subclass of diisoquino-
lines occurring mainly in the Papaveraceae, Meni-
spermaceae, and Berberidaceae families in both hy-
drogenated and dehydrogenated forms, gives hydro-
genated isoquinolone XXX:

OH

Hydrogenated rings in nitrogen-containing alkalo-
ids can act as hydrogen donors in various coal treat-
ment processes. Correspondingly, the higher the con-
tent of hydrogenated isoquinolines in OML, the more
facile is the destructive thermal hydrogenation of this
caustobiolith.

A more detailed comparative analysis of the chem-
ical structures identified in SCT showed that the nitro-
gen-containing organic bases in OML do not always
correspond to the natural isoquinoline and quinoline
alkaloids; hence, biogeochemical transformation does
not always account for the formation of particular
structures in the organic matter of a caustobiolith.

It is widely believed that alkaloids are formed from
amino acids under the action of microbial enzymes in
the stage of peat genesis. Changes in the composition

PLATONOV et al.

of the organic matter initially buried in sediments and
the degree of decomposition of the organic matter
supplied to the sediments will depend on the extent
and nature of microbial activity [2]. Microbial oxida-
tion can cease in any stage, and the selective effect of
microorganisms can result in concentration of biologi-
cally more stable organic residues and of nitrogen-
containing heterocyclic systems. Enzymes are either
accumulated in the organic matter, increasing its
weight, or favor transformation of organic substances
into water-soluble or colloidal forms. Thus, isoquino-
lines of OML can be formed in vitro from the corre-
sponding amino acids containing a phenylethylamine
residue under the action of various microbial enzymes.
It is believed that an important part is played in the
process by formaldehyde (the primary product of CO,
assimilation), which acts as a methylating and ring-
closing agent, as shown for isoquinolines. Further-
more, in the course of lignite formation, isoquinolines
can also be formed from acyclic alkaloids. This group
of alkaloids consists of aliphatic amines formed in the
course of life activity of fungi (degradation of poly-
peptide fungal toxins) in the peat genesis stage.

Gymnospermae can also be involved in OML for-
mation. Below we show as example the scheme of
formation of isoquinoline XXXII from ephedrine
XXXI, suggesting participation of coniferous plants
in primary sedimentation. As far as modern coniferous
plants are concerned, ephedrine was isolated from
plants of the Ephedra (Gnetaceae family) genus and
from Taxus laceata (Taxaceae). The reaction occurs
in vitro and is effected by enzymes:

OH
NH-Me CH,0 N-Me
—
Me Me
OH OH
XXXI1

OH
SC N-Me
e
—Hzo = Me
XXXII

It is important that, as compared to isoquinolines,
quinoline alkaloids are considerably less abundant in
the flora and occur in a very narrow group of families.
For example, two structurally related alkaloids, skim-
mianine and dictamnine, have been isolated from two
closely related Rutaceae plants, namely, Skimmia ja-
ponica and Dictamnus albus [4]. Below is given the
scheme of biogeochemical transformations of skim-
mianine XXXTII under conditions of lignite formation:
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. Me OMe Me
AN amwe _ — _
MeO N7 N0 MeO OMe Me OH
‘ OMe OMe OMe
XXX1v XXXV

XXX10

_C()ZJ’A,HJr

MeO

The reaction occurs via skimmianic acid XXXIV
and yields two substituted isoquinoline structures
XXXV and XXXVI, identified in lignite SCT.

It is interesting that more than half of natural
compounds containing a quinoline core belong to the
group of quinine alkaloids, which is inherent in cer-
tain species, namely, Cinchona and Remija (Rubia-
ceae family). Presumably, the evolutionary precursors
of these species, producing a large number of quinine
alkaloids (quinoline group), such as cinchonine, qui-
nine, quinidine, hydrocinchonine, hydroquinine, hy-
droquinidine, homoquinine, quinallene, aricine, cusco-
nine, paricing, etc., could be the suppliers of aromatic
and hydroaromatic substituted isoquinolines to OML.
Below is given the scheme of possible biogeochemical
transformations of quinine XXXVII:

 HOCHCgH;4N CH,OH
Mw@ﬁ M“’@fﬁ
9
N7 N7

The first stage of microbiological degradation of
quinine is accompanied by elimination of the quinu-
clidine core. After that, the structure becomes incor-
porated via the methylol substituent in the periphery
of the lignite macromolecular network. In the course
of SC, the quinoline fragments may undergo radical
coupling to give structure XVII identified in SCT of
near-Moscow lignites.

Me
RS

7 “OH

OMe
XXXVI

Of particular interest is formation of substituted
2,2-biquinoline XL. Firstly, this structure was pre-
sumably formed from the natural quinolines cusparine
XXXVIII and galipine XXXIX, which are produced
in the modern flora by Calipea cusparia:

Me
~N \CH W
NP—CH—CH, 2

XXXvIlI

After structures XXXVIII and XXXIX become
incorporated in the lignite matrix via alkyl radicals in
2-position, the 2,2'-biquinoline structure is formed by
free-radical thermochemical degradation. Under the
conditions of degradation of the polymeric molecule,
two molecules of such a dimer react with the mineral
matter of coal to form chelates with various metals.
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For example, a similar nickel complex XII was identi-
fied in SCT. Presumably, nickel and other elements
pass into such chelates from metal porphyrins, which
results in metal migration in the course of thermo-
chemical reactions.

Secondly, some authors note that 2,2'-biquinoline
is formed in 15% yield by heating of quinoline with
nickel on ‘alumina at 325°C. Thus, the quinoline dimer
is synthesized either from molecules that have been
already eliminated from the matrix or from biogeo-
chemically transformed quinoline alkaloids conserved
in lignite' pores.

Detailed analysis also reveals inconsistency be-
tween the relatively small number of natural quinoline
alkaloids and fairly large number and diversity of ni-
trogen-containing organic bases incorporating the quin-
oline core. This fact is attributable to the formation
of quinolihes, similarly to isoquinolines, from amino
acid residues in the biochemical stage in vitro of lig-
nite formation under the action of enzymes. Also, as
noted in [5], pyrolysis of lignite SCT is accompanied
by ring extension: The content of nitrogen atoms in-
corporated in six-membered aromatic heterocycles
increases, whereas the content of five-membered rings
decreases. Hence, one of the pathways of thermo-
chemical transformations of nitrogen is the formation

PLATONOV et al.

of six-membered heterocycles in general, and of quin-
oline cores in particular. For five-membered hetero-
cyclic systems, ring extension under conditions of
thermal degradation of lignites is quite possible. The
scheme of thermochemical transformation of indoles
XLI into quinolines XLII is shown below:

OMe A OMe
—4H
NA OMe 2 Md NA OMe

Me
XLI

A m OMe
—
-H, p
N’

Me
XLII

Compounds structurally similar to XLII were iden-
tified in lignite SCT in a fairly large amount. Thus,
a significant part of quinolines could be formed from
indole compounds in the course of semicoking. Fur-
thermore, these reactions are promoted by carbonyl
compounds whose content in primary tars is fairly
high, because the caustobiolith under consideration
has a low degree of metamorphism and high degree
of oxidation (with oxygen mainly occurring in keto
and quinoid groups). Taking into account the degree
of metamorphism of caustobiolith, we find that the

Scheme 2.

O 3
| l CH,
o~ N/’\Cf'l

|
XLv OH
SC [H]l
Os N-Clz

|
H OH

A, A|203/SIOZ m

Me
N/J\Me N/J\Me
XXIII XXI1
SC |-RH, -H,

CHy
—Hzo m Ch
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yield of indoles from coals is considerably higher
than that from lignites, i.e., indoles exhibit increased
thermodynamic stability. Comparison of the compo-
sitions of SCTs from coals and lignites shows that the
content of quinolines in coals is higher than that in
lignites, which confirms the assumption that quinolines
are formed from substituted indoles. This assumption
is also supported by the fact that indole alkaloids
prevai? in modern flora, and isoquinolines are present
in a considerably smaller amount, being produced by
a fairly narrow group of plants. It is significant that
indoles are produced in large amounts by fungi; there-
fore, we can make an important conclusion that sub-
stituted quinolines originate from the activity of fungi
that produce indole compounds undergoing subse-
quent thermochemical transformations.

Structures XXI-XXIII in OML are attributable to
participation of plants producing a relatively small
group of quinazoline alkaloids in the primary sedi-
mentation. These compounds are produced by Acan-
thaceae and Rutaceae plants; also, they are microbial
metabolites. For example, peganine (vasicine) XLIII
was isolated from two species, Peganum harmala and
Adhatoda vasica. The process can occur by two dif-

ferent pathways yielding structures XXI and XXIIIL
The pathway of formation of o-quinoid compound
XXI is of particular interest. Vasinine, most probably,
undergoes enzymatic hydroxylation in the o-position
in the stage of peat genesis to form structure XLIV,
which is oxidized by atmospheric oxygen under aer-
obic conditions with the participation of bacteria,
yielding quinone XLV. It was noted previously that
the introduction of hydroxy groups into an aromatic
substrate is effected by bacteria of the genera Pseudo-
monas and Nocardia, and also by Aspergillus niger
fungus (see scheme 2).

Quinolizine compounds IV, VII, and VIII are still
more specific alkaloids than quinazolines. The involve-
ment of the biological material producing compounds
of this class is responsible for the presence in the or-
ganic matter of near-Moscow lignites of substances
with structure similar to XXVII. The quinolizine core
usually occurs in alkaloids in the fully reduced quin-
olizidine form, e.g., in Leguminosae family and in
lupines, in particular. When heated in aromatic hydro-
carbons, lupinine XLVI isomerizes in the course of
enzymatic processes into epilupinine XLVII:

COH

H CH,OH
R lil) SC, T°C
II\I N N €0, N

H—0—CH,
XLVII

|

ThiJs fact suggests that the primary alcoholic group
in lupinine occurs in the less sterically favorable axial
position owing to hydrogen bonding. The hydrogen-
ated quinolizidine rings are hydrogen donors in ther-
mal transformations of OML; therefore, the presence
of structures similar to XXVII in the organic matter
positively affects various processes of coal treatment.

CONCLUSIONS

(1) A genetic relationship was revealed between
quinolines and isoquinolines detected among organic
bases of semicoking tars of near-Moscow lignites, on
the one hand, and vegetable alkaloids and fungal
metabolites, on the other.

(2) Pathways of possible biogeochemical transfor-
mations of the initial nitrogen-containing compounds
in the course of lignite formation and semicoking
were suggested.

XXVII
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Hisashi Ishii: Studies on the Alkaloids of Rutaceous Plants. XIV.
Syntheses of Some Hydrogenated Derivatives of Skimmianine.

(Faculty éf Pharmacy, Kyoto University*?)

In order to obtain ultraviolet and infrared spectra of the reductlon products of
skirnmianine, syntheses were carried out according to the route shown in Charts 1~
3 for isoskimmianine (II), dihydroskimmianine (Ill), tetrahydroskimmianine (IV), tetra-
hydroisoskimmianine (V), tetrahydronorskimmianine (VI), norskimmianine (VI), tride-
methyltetrahydroskimmianine (M), isodictamnine (X0), and dihydrodictamnine (X1v).
New compounds prepared in the present series of work included dihydroisoskimmianine
(IX), dihydronorskimmianine (X ), N-methyltetrahydroskimmianine (xv), and N-methyl-
hexahydroskimmianine methiodide (XIX). Absorption of these compounds, which lacked
the lactam and carbonyl bands in their infrared spectra, in the range of 1700 to
1600 cm"1 was examined (Table I).

(Recewed June 23, 1960)

%%biﬁﬁ#&“l KREWTEHREHRy SEY AL v+ 3 Skimmia )’aponz'ca Truns. var. intermedia Komatsu form.
repens (NAKAI)‘HMA DEREE L BRPKBEMER L U T base C ({7ff) %18, AWENEFD UV 2~y b
i 60“?:7‘1:%3\%{@; D %T furoquinoline H X HEHINBEREHOLOTIRIVD LIEE L. SEHE

1A VYREYI LD LA SHDINT A p e £ FTH% skimmianine (1) DBITLRBUE L L5 base C L
D UV ebU IR ARy b AR HBET % fobic skimmianine oW CHx DBTABERTS & & LIcHE
D%J;‘%Jz}i‘i?ﬁﬁi%AﬁE?é bR Nl SN

T TIRAESSY 13 skimmianine (1) ©RLT PtOz RRPEL U CEMBTYT e 28 furan ﬁ@ﬁﬁ@éb
fo tetrakydro fhk 5, Zhb 7l S-ethylcarbostyril 4 CH5B & LB b L. ¥7-5lic Price & |3
3 A VRN BT BHEY Acronychia baueri Scrorr 35 X T° Melicope fareana Exci. iz & ¥h 3 furoquinoline
7% m 4 ¥ acronycidine O#EFI%H Raney Ni wfiflf & L CHART A Sl tetrahydro BB
3-ethylcarbostyril £ & FFi dihydro %7, O\ TAESY | skimmianine (1) % PAO #hifts LT
BLL T furan ﬁ@ 2,3 fid)_E%ALUJ&Zki’i&ﬁim L= dihydro ﬁiﬂ)&%féf, Price %732{57{_ dihydro

#2113 3R E# Ak 81, 243(1961). AW EEEK : < » /ﬂ’lﬁ%7 NAhe A LBHE (M Tomlta
Studies on the Alkalmds of Rutaceous Plants) o —Z ¢4 3.

*2 Yoshida-konoe-cho, Sakyo-ku, Kyoto. 4

1) BH, &HF: Kz 78, 1180(1958). . 2) KH: Xk 73, 63(1953).

3) T. Ohta, T. Miyazaki : Pharm. Bull. (Japan) 1, 184(1953).

4) F.N. Lahey, J. A. Lamberton, J.R. Price : Australian J. Sci. Research A3, 155(1950).
5) KH, EW, 5: A T4, 708(1954).
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| Btz dihydroisoskimmianine (IX), dihydronorskimmianine (X) &L 7z,
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11) N. Campbell : ¢‘ Chemistry of Carbon Compounds,” 4, 620(1957), Elsevier Pub, Co., Amsterdam.
12) M. Meisels,” F. Sondheimer : J. Am. Chem. Soc. 79, 6328(1957).
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p‘g}ﬁz#—ﬂ?‘;z‘sb \Ti% 2(1H)-quinolone % X b fi © tautomer T 5 2-hydroxyquinoline I (IV') i LI
1251 RIGHEFTL IRV @ T % 2T 2-hydroxyquinoline &% 2 Y 87\~ 1-methyl-2-quinolone o 3 D
It B RIGHETT 5O TRV L HEL, X215 i N-methyltetrahydroskimmianine (XV) % LiAlH,
TRIEL. & CiBbh?RIEREELEARD HoTLEHEL V22 VLA 50 L AFT hul mp 155~
157°(decorhp) DEGREREY S 2 5. AYHEIL Beilstein KISEE CXESH{Ei2 N-methylhexahydroskim-
mianine methiodide (XX) iw—HL, F7 UV A7 bt Fig, 1 iRTX 51 274 mp @< v ¥ VIZDORIR
AL, S5 28~318 mp KT THOENW RV ¥ YBRHFR T EHEELYHFTHRNYRT. LDk
B YO RCEEOBIA F AL N- 4 FALETS S & LIZERCH S.

log &

4.5}
!
4.0
‘Fig. 1.

‘B's_ Ultraviolet Absorption Spectrum (in EtOH)
, of N-Methylhexahydroskimmianine
Bop Methiodide (X%)
2.5

750 300 350

(mp)

% ¥ Witkop %19 13 2(1H)-quinolone } 4(3H)-quinolone XAz IR R -2 7 h A de bz UV A
A /V‘gﬂi},x% ZEHREBL, ‘JCUJEP“G‘ 2(1H)-quinolone % 1660~1650 cm-1 1z B8y lactam 1= X Z; carbonyl
band 2FEHETH DKL T, 4(3H)-quinolone (WA ERB D 1630~1620 cm™ WRINAZ R T L X HL I
L#. UL Grundon %1415 |} 4-alkoxy-2(1H)-quinolone 3F#MAL TR UBRY T E¥ELMARL,
Table I. Infrared Absorption (Nujol Paste) in the Region 1700~1600 cm—!
of Some Hydrogenated Derivatives of Skimmianine _
‘ 2(1H)-Quinolone 4(3H)-Quinolone Other 1700~1600 cm—!

, | amide (I)(ecm™) amide (I)(cm™) bands
Isoskimmianine (II) 1627 (s )
Dihydroigoskimmianine (IX) : 1629(s)

Norskimmianine (V) 1626(s )

Dihydronorskimmianine (X) = . 1617 (s)

Isodictamnine (XI) : 1623(s)

Tetrahydroskimmianine (IV) 1638(s) 1621 (m), 1602(m)

N-Methyltetrahydroskimmianine (XV) 1634(s)

Tridemethyltetrahydro-

skimmianine triacetate (XI) 1660(s ) 1615 (m)

Derivatives of 2,4-Dihydroxyquinoline

~ Tetrahydronorskimmianine (VI) 1631 (s)
Tetrahydroisoskimmianine (V) - 1625(m)
Tridemethyltetrabydroskimmianine (VI) 1630(s)

Some Related Compounds
Skimmianine (1) 1617 (m), 1619(m)
Dihydroskimmianine (II) 1628(s), 1606(m)
Dictamnine (XI) 1622 (m)
Dihydrodictamnine (XiV) 1624 (s)

13) B. Witkop, J.B. Patrick, M. Rosenblum : J. Am. Chem. Soc. 73, 2641(1951).
14) M.F. Grundon, N.J. McCorkindale, M. N, Rodger : J. Chem. Soc. 1955, 4284, .
15) M.F. Grundon, N.J. McCorkindale : Ibid. 1957, 2177.
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2(1H)-quinolone DWINEEFH L LESINEL 1660~1640 cm™ TH 5 & L. LA Lichib—7 carbonyl &%
ik b“‘ %5 4, dihydrodictamnine (XIV) IR (KBr) 1631 cm™!, dihydro-v-fagarine IR (KBr) 1645 cm™! %
FDdELTEDMO R DICS e ZDERKBIR AR LB b, %3 L § furoquinoline e s \»
ThL 1660~1620 con™ I fFET A TURX lactam OFFETH Z L Rb IRV T L HLIR LK. SEEE
@AﬁkLv‘J@f« DETLHEERD 1700~1600 cm™ OFHEHIC TS IR A2 bl Table I OFHTHA. T
bbb h&@?ﬁ%tf&%ﬁ?é & 2(1H)-quinolone {13 4(3H)-quinolone { X b BB BRI % & h % At
$H3L 4 Grundon &2V 5 X 5 i carbonyl band & X % 2(1H )~qu1nolon° fk & 4(3H)-quinolone o

RANIMETIZI L, S5 H7ED% L D carbonyl #¥ficc\ s quinoline F s quinoline BOBITE &
DRITEAET B & LB LI

£ B o

Dihydroskimmianine (II) ~ skimmianine (1) (mp 176.5~178.5°) 0.6 g % EtOH 280 cc i Bk fE, —
KRBELEKOFHE LAV L2BERLThb, PAO ¥ MxTEMBT T Ho 2 BNE 5. REEKR
Pd # FRLAEEBETARS ASHPBEYYE. BEYy EtOH X v BHEL. £ RE mp 163~165.5° (3¢
BRS fH mp 162° (158° &), Cu.Hi:ON #HE C 64.36, H 5.79, =g (E C 64.66, H 5.70,

Tetrahydroskimmmianine (IV)  skimmianine (1)0.3g % AcOH 90 cc i@ L PtO; #mx CTEME
TxfFiRS. Ho BIRE Pt 2 FRLBETARY AQKWMABE 2 PE. Bis EtOH LW EEL. E868R44
mp 182~184° (% @k? & mp 183%). C,H;;O,N &t5ifE C 63.86, H 6.51, ZzEafs C 64.10, H 6.70.

Isoskimmianine (II) skimmianine (1)2.5g i Mel 3cc % iz #HEPHEBKE L 3hr KI5, &%
Mel # @k L%&E % EtOH X v B A, HEHRSA. mp 187~18%° (B {€ mp 185°) & 2.15g. C;His-
O.N =f#fE C 64.86, H 5.05, $E{E C 64.69, H 5.04.

Tetrahydroisoskimmianine (V) isoskimmianine (1'1)’0.3 g % EtOH 45cc i@ L PtO; % % T
BT H aMEMEYFRILBETER ¥ 2 QT ERELPE. BEY aq EtOH X v HEL. EEFER
fa. mp 120°(decomp) (MR EHERK 1 HF2HFT % & © mp 120° (109° CIHE)). APHE% 0.5mmHg
90° ¢ P:0s L 10 hr R T iR BEH KL+ 5. mp 155~157° (M fEHKY mp 157°). CiH;,ON
stEE C 63.86, H 6.51, Z5E C 64.03, H 6.59. '

Tetrahydronorskimmianine (VI) tetrahyroskimmianine (IV) 0.3 g iz conc HCl1 0.6 cc iz 7 A<
AP EEXKCTREETHIERECESZHE. 12min #REXFIEL, B8 % dil NaOH #mx THEMEL, R
EEHHELFR BEc HCO W TULEBEL LITHT R4 FR. Kk EtOH X v HER. EAETERA.
mp 203~206° (L@ fE mp 202°) fN#E 0.2.g. C:H;:ON =tffE C 62.64, H 6.07, =EafE C 62.36, H 6.01.

Norskimmianine (VII) skimmianine (1)1 g % EtOH 40cc %L = h iz conc HCl 8cc » iz
WEEKE E 10hr B FICKRTHRE-EBELHFET 28EL 0.35g » FR. 2w ¢ dil NaOH w mE %K
LBFB UFERI AcOH 2T LEBE L LTH T 2B 2 FR. #Hili4» EtOH B LT, KEETL
THEG2BIET X KA RGE mp 232~233° (Zm® i mp 235~236°) 03g % B. CxaHuO4N SHEME
C 63.67, H 4.52, =B C 63.53, H 4.60.

Tridemethyltetrahydroskimmianine (VIII) tetrahydroskimmianine (IV) 0.3 g iz HI (bp 126 2.cc
ML 1hr BRL, BSEFHT 28E2FR. v ¢ v it 10% EtOH miEEk=Er — R RE.
TR FIHT L RERY 10% EtOH T EBELA ¥ HE VB2 X EEHRE 0.2g »8. A%HEx mp 140° © Rif
LEGRBBR &7 ), SO MA%ET X mp 245~246° T 1ERE (SCBRY f mp 243~244°%6), kiR
% 0.5 mmHg 60° 10 hr P05 EEBEThid KT 140° @ TRE ¥+ mp 245~246° »7w+. C,H,,ON #ﬁfﬁi
C 59.71, H 5,01, =gl C 59.53, 59.30, H 5.08, 5.04.

Tridemethyltetrahydroskimmianine triacetate (XI) tridemethyltetrahydroskimmianine (V) 0.2 g
A0 0.7¢c KXy o v BT MA KB L 1hr . REKTERER KT FTHHMT 2B F
B. EtOH X 'b &k, MEHARSA. mp 2568~259° (LMD {E mp 264°) W& 0.2g. CyH,,ON #HEfE C
58.79, H 4.93, 2&gE C 59.03, H 5.08. _

Dihydroisoskimmianine (IX) isoskimmianine (II) 0.3 g % EtOH 45 cc kML, PdO % inx CEs
BL. Hy ﬁﬁﬂf&ﬁ&i@i%lﬁﬁ RIGBEIBRETER 7 ~ KWFEREYPE. BE» Me,CO Dﬁ%ﬁ & et

%5 ﬁmsm‘mrﬂm. EMBToBRITRCERDY.
¢ XBY K L hEAHE IR mp 243~244° LEMEh, £OHHE CuHuONIBH0 w—HKL 5. =
HEOERBEOLORERYCTRAFESR K THZLE b2, BESRERO X INELLB40D

5.

mp 140° i3 114H,0 of@KE 2L 0ThDh, EKYHD mp it mp 245~246° #FT 40 E Bbh
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Wy mp 174~175°, C; H,;sON &5 C 64.36, H 5.79, =284 C 64.41, H 5.62,

Dihydronorskimmianine (X) norskimmianine (V1) 0.32 g % EtOH 45 cc ww#fg. PdO »inx &
Twfity Hy MREMEYFR. SWeHETERY ARSI ERE»EE BREY Me2CO X hEEL &6
Het Ik &, mp 198~200°. C3H,;,O,N =t#{H C 63.15, H 5.30, =& {#E C 63.15, H 5.35. 4

Isodictamnine (XIII) dictamnine (XI) (mp 130~132.5°) 0.2 g = Mel 1.5 cc 2 Mz HFEHHERKE Lin
# 3hr. RIEKTHRARE D Mel #FELBEY aq EtOH &k » B . #&éﬁﬂ(a‘% mp 187~188° (% #® &
mp 188%). C,,;H,O,N g &g C 72.35, H 4.55, EEfE C 72.43, H 4.77. -

Dihydrodictamnine (X1V) dictamnine (XI) 0.2 g % EtOH 10cc @ L PdO v mx BB T 2k
v H ARkt 2 F=. EtOH BRHET EtOH » &%, %K% aq MeOH I h A& HEERRE.
mp 94~97° (@Y E mp 96~97°). C,H;O.N 3tHEE C 71.62, H 5.51, SLpE C 71.56, H 5.55.

. Tetrghydroskimmianine (IV) @ LiAlH, (C Lt 3 BTOR & #¥ik L. LiAlH, 1g » &K Et,0O
40 cc 1= B X ¥ T B %, tetrabydroskimmianine (IV) 0.5 g # 4K tetrahydrofu_ran 50cc R BELI-D
O% B min Kbk hET. 2BEx*Mrofkis L 3hr B, RIGE>HA#% aq Et,0 % s T LiAlH, %
AL XL REE0 ACOEt i TRERS M, 2\ T Na,SO, MMKBELMEMLI#E Et,0 B4 4
B, KB Et,O THER%E. EtO %t ELO B L4 1L € MgS0, vgi# Et.0 2 8%, BE Y Me,CO
Y EEH KEERA. mp 184~185° INE 0.45g. FYH R o tetrahydroskimmianine (IV) & EE
LTHRBMAERTER . 2L IR 227 A+ b2 —% C.HON gHfE C €3.86, H 6.51, EE C
63.57, H 6.20. :

N-Methyltetrahydroskimmianine (XV) KOH 0.3 g % MeOH 8cc #fEL, < i tetrahydroskim-
mianine (V) 0.76 g 7¢ & 0'ic Mel 0.5¢cc #mx 7R, MeOH % nxT4£E 20cc & LK EmBRT.
2hr # KOH 0.2g %50 Mel 0.5cc Zinz Tm#BRK KT 2. Ebic - 0L 2 Effks. RIGK
THrH L KT #FERLHE, 280 MeOH Tt L MeOH cA4# LTRMETAERY A ST HEE» &%
B w CHCL chil. CHCL #iHRIEETER V7 AKMFBER PR LBEY R v XV I b ESR. KA

5. £ 0.18 g. mp 182~184°, A HE I EB D tetrahydroskimmianine (V) L BE L CHAB TR

V. BEREETERY®E. BEYY 7 » 4 (bp 83~96° © HiHH LAREM » tetrahydroskimmianine %
Bk BERRBUORETESRREY R LABEKRR Y€ VvicEm, ALO; (14x75mm) ® #5 A2 v= b
F574-hitsd HERNBREORV-HIEX L) N v € vy i X RiEd hexane X Y EFER. £E4R
£, mp 94~95° & 0.56 g N-methyltetrahydroskimmianine (XV). Cy,H;;ON(OCH,); - 3t {E C 64.96, H
© 6.91, CCH; 33.57, =B C 64.96, H 6.91, OCH; 34,51, 33.27.

Tetrahydroskimmianine @ CH:N; (&3 £ F JL{E tetrahydroskimmianine (IV) 0.2 g # T R4
o EtOH @ L b or, nitrosomethylurea 2g X b# L 7= CH,N, o Et,0 B2 ~HARE. X
H e nitrosomethylurea 12 g k vl L7 CHN.-Et;O BR*»—HERMZ, B Lok ot ¥BIAL
TOBEET ELD #22icfk BEYHEKS V€V EBR ALO; (I0Xx50mm) 0 #5 4 7m<b 757 4 —
ERTRIEBROZT L VELRBERIL mp90~96° # R+, £8 %A L C hexane X h T K. mp 95~
96°. EmESRA. APWEIZ ] ¥ 2B 5 R N-methyltetrahydroskimmianine (XV) + BRBESE TR I,
¥ IR 2Rz b L &L —F. : '

N-Methyithexahydroskimmianine methiodide (XX) N-methyltetrahydroskimmianine (XV) 0.31 g %
#IKEtO 50 cc MR L, X% T LiAlH, 0.6 g %#4&K Et;O 40cc w BB -0 ET. 2B+ mx

fefgkiB L Thr B, KK TEBRS LI ED AcOEt #TFL AR LiAlH, #Hf&. X5k Na,SO, 1

FKER YT UBEC B LIS o b TrikD, THEE LEBEOHIHYELE T5. EEERE
F#zL, FREHPELT Et,0 BrLbh, EHBERIED EL,OCHE. %BETO Et,O &6t L MgSO, v
BBBETEE # @k, RE K MeOH 2cc 3 X o8 Mel 1ecc % %, 3hr KB EMEER 2 ® 5. KGR
THRETHEE * ¥k, Me,CO-AcOEt B¥ & » BRERH. B|EBRSA. mp 155~157° (decomp). X & 0.3 g.
CieH,O3NT  st#fE C 47.41, H 5.93, =2Ea{E C 47.48, 47.50 H 6.01 6.19.

[ APIELR LEBEBERIEEE YL o R RYE EERBRENEELRHERLET. LT EoKAt
*fswzx <7 P ARETEUERET REEERL b P RBAFEYLY TEEZHK, SIONEHTER
I, FLLERIMIEERFERBETKRSF € v & — BEEE— aﬁﬁ:‘:fgevr%o%ﬁ%u; hETELRD
OTHIZ B LTHELELET.
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