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VISTOS:

%,
Lo dispuesto en el DFL. N© 3 de 2006, del Ministerio de Educacioén, que aprueba el Texto 2
refundido, coordinado y sistematizado de los Estatutos de la Universidad de Chile; la Ley
19.886 y el Decreto Supremo N° 250 de 2004, del Ministerio de Hacienda, que establece
el Reglamento de Compras Publicas; la Resolucién 1600, de 2008, de la Contraloria
General de la RepuUblica, Decreto Exento N°0046567 de 2018 y DS 180 de 1987

*

CONSIDERANDO:

1. Que con fecha 22 de octubre de 2018 él académico Sr. Héctor Bravo Vergara que
pertenece al Departamento de Quimica de la Universidad de Chile, adquirié el
servicio de publicacion del articulo titulado “Chemical Basis for the Phytotoxicity of
indoles in Relation to the Allelopathy of Cereals” en la revisa Agricultural Sciense de
la firma Scientific Research Publishingd de USA.

2. Que dicho articulo tiene relacién con los proyectos de investigacion en docencia que
desarrollan en el Departamento de Quimica de la Facultad de Ciencias, lo cual
permite la interaccion con alumnos de Pregrado y Postgrado.

3. Que, se debid cancelar con anterioridad el monto de USD 700,00 (Setecientos
délares americanos), equivalente a $500.000 (Quinientos mil pesos), los cuales
fueron cancelados con dineros del académico Sr. Héctor Bravo Vergara dado que la

publicacién del articulo se hace efectiva después del pago y dentro del plazo de 7 a
15 dias.

4. Que, se debe autorizar dicha contratacién con efecto retroactivo para efectos de
pago, dando cuenta de que los servicios fueron prestados y recepcionados

satisfactoriamente por el académico, segin indica en carta adjunta de fecha 12 de
noviembre de 2018.

5. Que, por una inadvertencia administrativa, no se dicté oportunamente el acto
administrativo que regularizara dicho trato directo.

6. Que, el monto sefialado anteriormente se refleja en el comprobante de pago tarjeta

internacional del académico Sr. Héctor Bravo Vergara, adjunto a la presente
resolucion.

" 7. Que actualmente existe disponibilidad presupuestaria de acuerdo al certificado
; adjunto para proceder con la compra indicada, siendo financiada con cargo al
Departamento de Quimica de la Facultad de Ciencias de la Universidad de Chile.

RESOLUCION EXENTA 249/2019 Piginalde4d




10.

Que, por las razones antes expuestas y por las caracteristicas especiales del servicio
de publicacién del articulo titulado “Chemical Basis for the Phytotoxicity of indoles
in Relation to the Allelopathy of Cereals” en la revisa Agricultural Sciense de la firma
Scientific Research Publishingd de USA, se ha concluido que es del todo
indispensable acudir a la contratacién directa, conforme lo autoriza el articulo 8 letra
g) de la Ley N° 19.886, y el articulo 10 N° 7 letra K; esta Gltima causal en relacidn
con el articulo 3, numerales 1, 3 v 4 de la Resolucién Exenta N°300 de la Universidad
de Chile, que se refieren, a la necesidad de efectuar una adquisicién inmediata,
atendida la eficacia y objeto del servicio, dados los plazos involucrados en el
proyecto, a la especializacién ofrecida por un determinado proveedor en compra de
bienes o contratacién de servicios selectos y, finalmente, por tratarse de adquisicién
de bienes o contratacidn de servicios ofrecidos en el extranjero, que se realicen por
importacién directa del organismo o mediante convenios extranjeros.

Que, en atencidn a las causales de trato directo invocadas en el considerando
anterior, y que la compra se efectla a proveedor extranjero, es posible autorizar la
compra por fuera del sistema de informacién, en virtud del articulo 62 N°6, Del DS
N° 250 de 2004 del Ministerio de Hacienda

Que, de acuerdo a lo anterior, dicto lo siguiente.

RESUELVO:

Autoricese y Regularicese trato directo por la causal del articulo, 10 N° 7, letra
K del Reglamento de Compras PUblicas con en la revisa Agricultural Sciense de Ia
firma Scientific Research Publishingd de USA, para la adquisicién de un servicio de
publicacion del articulo titulado “Chemical Basis for the Phytotoxicity of indoles in
Relation to the Allelopathy of Cereals”, pudiendo efectuarse el proceso de compra
fuera del Sistema de Informacién de la Direccién de Compras y Contratacién
Publica, en virtud del articulo 62 N°6.

Publiquese en el Sitio de transparencia de la Facultad de Ciencias de la Universidad
de Chile.

Reembélsese los gastos efectuados por el académico dando cuenta de que los
servicios fueron prestados y recepcionados satisfactoriamente.

El Financiamiento del reembolso que seré con cargo al Departamento de Quimica
de la Facultad de Ciencias de la Universidad de Chile. Impltese el gasto
correspondiente al Titulo A, Subtitulo 2, item 2.6 correspondiente al Decreto
Supremo N° 180 de 1987 del Ministerio de Hacienda.

Andtese, Registrese y Comuniquese,

. \

) >

-—'2 / CCANO:
Dr. Herndn Rios Pefia y :iflgn oE >

Vicedecano(S) y Ministro de Fe Decana(S)
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RESOLUCION EXENTA 245/2019
Autoriza devolucidn de gastos
FACULTAD D E

C I E N C IA Y requlariza Trato Directs

Segin indica
UNIVERSIDAD DE CHILE egun se

Santiago, 20 de Marzo de 2019

Con esta fecha el Decano de la Facultad de Ciencias de la Universidad de Chile ha dictado
la siguiente resolucién:

VISTOS:

Lo dispuesto en el DFL. N° 3 de 2006, dei Ministerio de Educacién, que aprueba el Texto
refundido, coordinado y sistematizado de los Estatutos de |a Universidad de Chile; ia Ley
15.886 y el Decreto Supremo N° 250 de 2004, del Ministerio de Hacienda, que establece
el Reglamento de Compras Publicas; la Resolucion 16G0, de 2008, de la Contraloria
General de la Republica, Decreto Exento N°0046567 de 2018 y DS 180 de 1987

CONSIDERANDO:

1. Que con fecha 22 de octubre de 2018 é| académico Sr. Héctor Bravo Vergara que
pertenece al Departamento de Quimica de la Universidad de Chile, adquirid el
servicio de publicacion del articulo titulado “Chemical Basis for the Phytotoxicity of
indoles in Relation to the Allelopathy of Cereals” en la revisa Agricultural Sciense de
la firma Scientific Research Publishingd de USA.

2. Que dicho articulo tiene relacién con los proyectos de investigacioén en docencia que
desarrollan en el Departamento de Quimica de la Facultad de Ciencias, lo cual
permite la interaccién con alumnos de Pregrado y Postgrado.

3. Que, se debid cancelar con anterioridad el monto de USD 700,00 (Setecientos
délares americanos), equivalente a $500.000 (Quinientos mil pesos), los cuales
fueron cancelados con dineros del académico Sr. Héctor Bravo Vergara dado que la

publicacion del articulo se hace efectiva después del pago y dentro del plazo de 7 a
15 dias.

4. Que, se debe autorizar dicha contratacién con efecto retroactivo para efectos de
pago, dando cuenta de que los servicios fueron prestados v recepcionados

satisfactoriamente por el académico, segiin indica en carta adjunta de fecha 12 de
noviembre de 2018.

5. Que, por una inadvertencia administrativa, no se dictd oportunamente el acto
administrativo que regularizara dicho trato directo.

6. Que, el monto sefialado anteriormente se refleja en el comprobante de pago tarjeta

internacional del académico Sr. Héctor Bravo Vergara, adjunto a la presente
resolucién,

7. Que actualmente existe disponibilidad presupuestaria de acuerdo al certificado
adjunto para proceder con la compra indicada, siendo financiada con carge al
Departamento de Quimica de la Facultad de Ciencias de la Universidad de Chile,
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8. Que, por las razones antes expuestas y por las caracteristicas especiales del servicio
de publicacién del articulo titulado “Chemical Basis for the Phytotoxicity of indoles
in Relation to the Allelopathy of Cereals” en la revisa Agricultural Sciense de la firma
Scientific Research Publishingd de USA, se ha concluido que es del todo
indispensable acudir a la contratacidn directa, conforme lo autoriza el articulo 8 letra
g) de la Ley N° 19.886, y el articulo 10 N° 7 letra K; esta ultima causal en relacién
con el articulo 3, numerales 1, 3y 4 de la Resolucién Exenta N°300 de la Universidad
de Chile, que se refieren, a la necesidad de efectuar una adquisicién inmediata,
atendida la eficacia y objeto del servicio, dados los plazos involucrados en el
proyecto, a la especializacién ofrecida por un determinado proveedor en compra de
bienes o contratacién de servicios selectos y, finalmente, por tratarse de adquisicién
de bienes o contratacién de servicios ofrecidos en el extranjero, que se realicen por
importacion directa del organismo o mediante convenios extranjeros.

9. Que, en atencién a las causales de trato directo invocadas en el considerando
anterior, y que la compra se efect(ia a proveedor extranjero, es posible autorizar la
compra por fuera del sistema de informacién, en virtud del articulo 62 N°6, Del DS
N°® 250 de 2004 del Ministerio de Hacienda

10. Que, de acuerdo a lo anterior, dicto lo siguiente.

RESUELVO:

1. Autoricese y Regularicese trato directo por la causal del articulo, 10 N° 7, letra
K del Reglamento de Compras Plblicas con en la revisa Agricultural Sciense de la
firma Scientific Research Publishingd de USA, para la adquisicién de un servicio de
publicacién del articulo titulado “Chemical Basis for the Phytotoxicity of indoles in
Relation to the Allelopathy of Cereals”, pudiendo efectuarse el proceso de compra
fuera del Sistema de Informacién de la Direccién de Compras y Contratacién
Plblica, en virtud del articulo 62 N°6.

2. Publiquese en ¢l Sitio de transparencia de la Facultad de Ciencias de Iz Universidad
de Chile.

3. Reembodlsese los gastos efectuados por el académico dando cuenta de que los
servicios fueron prestados y recepcionados satisfactoriamente.

4. El Financiamiento del reembolso que sera con cargo al Departamento de Quimica
de la Facultad de Ciencias de la Universidad de Chile. Impltese el gasto
Correspondiente al Titulo A, Subtitulo 2, item 2.6 correspondiente al Decreto
Supremo N° 180 de 1987 del Ministerio de Hacienda.

Andtese, Registrese y Comuniquese,

FDO. DRA. ALICIA LABRA JELDRES, Decana(S); HERNAN RiOS PENA Y LILLO
Vicedecano(S) y Ministro de Fe.

’

Lo que transcribo para su conocimiento
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Saluda a Ud.
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DIRECCION
ECONOMICA Y
ADMINISTRETVA
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%

-~ ,.;‘“
f‘n r~ .73-"/
SR. LEQPO OMINICHETTI CARQCA
Director Econdémiico y Administrativo

e
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Facultad de Ciencias
Unidad de Administracion

P. Adguisicicnes Mercado Publico Form. 1UA

SOLICITUD DE COMPRA
Ley N° 19.886

Fecha Solicitud: |

miércoles, 14 de noviembre de 2018

=

Solicitado por: [ Departamento |En cumplimiento con lo establecido en la Ley 19.886 de
compras publicas yo, [ Hector Bravo Vergara | AnexoNe [ |
Laboratorio [ Dpto. de Quimica ]

Correo Electronico:

[

Isolicito se efectue |a adquisicion

mediante la via de

[___8 Compra directa DL 250/art.10/7 | 2 través del portal www.mercadoplublico.cl,

de lo siguiente:

Describa el bien y/o servicio a adquirir clarament

Publicacién de artucule en Ia revista Agricultural Sciece ,
Allelopatthy of cereals" .-

"Chemical Basis for the Phytotoxicity of indoles in relation o the

En el caso de Licitacion Publica incorpore un valor

En el caso de pasajes indigue rangos de horarios de referencia Ida |_

[ ] [

]

Regreso

L

Si la adquisicion supera las 3 U. T. M. que establece Ia Ley 19,886 los Criterios de Evaluacidn, seran los

siguientes:

Precio

E] Experiencia
[o]

Requisitos Técnicos @ Otros Criterios

Plazo Entrega Metodologia

|I’ Servicio Técnico m Post Venta IE
EI Recargo Flete E Comp. Anterior
[o]

Definir Otros Criterios
de Evaluacion

Argumente los motivos y necesidad de la compra

Publicacion de trabajo cientifico que es de gran valor para la investigacién .-

Fuente de Financiamiento , |

Dpto. de Quimica .- )\/ /

AW
gﬁ&i
arc peda U.

Nombre FEW
Autorizacién Presupuestafia
Uso exclusivo Direccién Ecgfidmica

S~
2
- e
rine
Jefe de Unida

Director de Proyecto

Fecha recepcién MP - %

dd/mm/aa

N° de Solicitud

Nombre y firma
Director Econdmico

Lm

Facultag ge

CERTIFICADO

IS0 9001:2008 Nombre y firma

Vicedecano

Clentias




\I/_
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UNIVERSIDAD DE CHILE - FACULTAD DE CIENCIAS - DEPARTAMENTO DE QUIMICA

iy
\4

4

|

Casilla 653. Santiago -
Teléfono: (56) 22 978
Fax: (56) 22 271

o =

L

725
388

o0

Santiago, 12 de Noviembre de 2018.-

Dr. Hernan Rios P.
Director

Direccién Académica
Facultad de Ciencias
Universidad de Chile
Presente.

Estimado Dr. Rios:

Con motivo de la publicacién del articulo “Chemical Basis for the Phytotoxicity of Indoles in Relation
to the Allelopathy of Cereals” en la revista Agricultural Science, he tenido que cancelar $ 500.000.
Dado que nuestro Laboratorio no dispone de recursos para financiar esta publicacién, me dirijo a
Ud., para solicitar su apoyo econémico y poder recupe.rar el monto cancelado. En razén de .que la
Revista considerd un periodo corto de tiempo para la cancelacién del costo del articulo previa a su
publicacion, debi cancelar de manera particular y no esperar la tramitacién administrativa de estz
solicitud. Ademds, informo a Ud., que la publicacién se recibié con plena conformidad por los

autores participantes.
Se adjuntan documentos bancarios pertinentes y una copia del articulo publicado.

Esperando una acogida favorable a esta solicitud, se despide atentamente de Ud.,

HBV/zo0.-




| Servicios M/E Santiago, 22 de Octubre de 2018
Compra-Venta Divisas N° :753-20-92-003-04517

Seiiores

Hector Renan Bravo Vergara
Quilapan 1817

Santiage

De acuerdo 2 vuestras instrucciones hemos efectuado Ventas de Divisas, segiin ¢l siguente detalle:

Ventas de Divisas:
Uss 700.00 Tipo de Cambio $ 687 Total § 480,900.00

La moneda extranjera vendida fue distribuida de la siguiente:

Beneficiario Via de Ia Remesa Monto
Scientific Research Publishing Orden de Pago O Paises US§ 700.00

Cargos y/o Abonos
En consccuencia efectuamos Ios débitos y/o abonos que se detallan:

Débito  Cuenta Corriente M/N $ 501,037.00

Detalle comisiones v gastos cobrados:
Comision Swift

5 6,76%9.00

Transferencia Ly 10,153.00
IVA 3 3.215.00
Total $ 20,137.00

En toda correspondencia sirvase citar nuestro niimero 753-20-92-000-04517 ¥ remitiria a la atencién de Nathalie Morales Diaz,
Estado 260 piso 5, fono 2, fax 226530551,

iiCONSULTE SUS OPERACIONES DE NEGOCIOS INTERNACIONALES EN INTERNET!! CONTACTENOS EN
www_internacional bancochile.cl

Banco de Chile




Manco de Chile

Solicitud para envio de Ordenes de

Pago
Fecha:
RUT ORDENANTE/ RUT EMPRESA 4715435-9
50 NOMBRE ORDENANTE / RAZON SOCIAL Héctor Bravo Vergara

EMAIL ORDENANTE

scopaja@uchile.cl

CARGAR CUENTA CORRIENTE N°

Solo Marcar con X si es ¢

160-06727-08 CITI LON o CITI NY

POR LOS GASTOS Y COMISIONES CARGAR

Marcar con X si utiliza N®:

la misma Cta. Cte. que X (Solo llenar si ne es la misma cuw
CUENTA CORRIENTE N° para el Pago corriente para el pago
Otras Formas de Pago
(Solo en caso que no se pague con cargo a Cheque Efectivo Otro
cta. cte.)

CODIGO EGRESO O CONCEPTQ
(Banco Central, Lienar solo si el pago se
efectiia desde cuentas locales)

Pago Publicacién (ID 3002113)

32

FECHA EJECUCION

TIPO DE CAMBIO /PARIDAD

(Solo en caso que se realice con cambio de
divisas)

MONEDA / MONTO

US$ 700

OPCIONAL: LLENAR SOLO EN CASO QUE SE UTILICE

UN BANCO INTERMEDIARIO:

56

NOMBRE DE LA INSTITUCION INTERMEDIARIA

DIRECCION DE LA INSTITUCION
INTERMEDIARIA (CIUDAD-PAIS)

COD. ABA Y/O COD. SWIFT Y/O COD. IBAN DE
LA INSTITUCION DEL BENEFICIARIO

CUENTA ENTRE BANCOS

INSTRUCCIONES PARA PAGO AL BENEFICIARIO

COD. ABA Y/O COD. SWIFT DEL BANCO DEL

Swiff HSBCHKHHHKH
57 BENEFICIARIO NOMBRE DEL BANCO DEL : : o
BENEFICIARIO The Hong Kong and shangai Banking Corporation Limited (HSBC)
CIUDAD / PAIS Head Office 1 Queen’s Road Central Hong Kong Hong Kong China
N° DE LA CUENTA DEL BENEFICIARIO
9 (Indicar IBAN para pagos en Europa) 848825998838
NOMBRE DEL BENEFICIARIO Scientific Research Publishing Limited
. 3 Building 5 Headquarters Space of Optical Valled, Tangxun Lake, North Roz
DIRECCION DEL BENEFICIARIO East lake Hight-tech Development Zone Wuhan 430223 hubei Province Chine
70 INFORMACION PARA EL BENEFICIARIO Pago Publicacién (ID 300213). Facultad de Ciencias. Universidad de Chile
OUR Gar*
i BENGastos | /| o0 s | | S
7 GASTOS EN EL EXTERIOR POR CUENTA DE: 2 por cuenta Gasl
Excepto Délares beneficiario Solo en Corr
USA Délares USA
Nota: Completar con letra imprenta.

operacion.

El Ordenante entiende y acepta que el Banco de Chile no

que los bancos intervinientes efectien
enviadas con gastos "OUR", o bien
por parte del Banco Pagador, o

descuentos s
por demoras en el
por bloqueos efectuados

calificados como necesarios exclusivamente por parte del

normativa internacional aplicabl
agilizar el cumplimiento de
Ordenante.

Todos los datos del formulario son obligatorios para cursar la

e. Todo gasto en que incurra el Banco de Chile,
la Orden de Pago por el Banco Pagador, seré de cuentz v cargo exclusivo del

asume responsabilidad alguna, en la eventualidad
obre las érdenes de pago aun cuando estas son
cumplimiento de esta Orden de Pago al Beneficiario
por parte del corresponsal a Iz orden de pago,
mismo Banco, en virtud de requerimientos de

a petidién del Ordenante, para

Se deja expresa constancia que el Ordenante es el Unico responsable del llenado del presente formulario,
incluyendo la informacidn relativa a la identificacion del ordenante, Banco intermediario, Banco pagador vy

beneficiario, cédigos,
procedera a dar ejecu

de Chile de toda responsabilidad al respecto”

Debido a practicas propias de los mercad
y/o conversidn a la moneda local por los
* OUR GARANTIZADOS, se autoriza

nimeros de cuenta, efc., y que Banco de Chile no revisa el contenido del mismo y
cién a Iz orden conforme a la informacion que este formulario contiene, liberando a Banco

os del exterior, este pago pudiera estar sujeto a eventuales comisiones
Bancos Corresponsales y/o Banco Pagador en el exterior.
cargo en cuenta corriente de US Délar 20 + IVA

( NOTAS:

u/% -~
/Héttor Bravo Vergara
Rut: 4715435-9
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Firma Apoderado 2
Indicar Nombre
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Abstract

Phytotoxic activity of an indole series substituted with electron-acceptor and
electron-donor groups in the aromatic ring was determined. They are poten-
tial decomposition products, of natural indole alkaloids in cereals plants with
allelopathic properties. Phytotoxic selectivity was evaluated from antialgal ac-
tvity against the microalga Chlorella vulgaris, seed germination seeds and
biomass weight of seedling of barley, rye, wheat, oat and maize species and
the weed Lolium rigidum. Lipophilia character of the compounds was deter-
mined by RP-HPLC method. Both, the electronic character of the substitu-
ents, evaluated from g, parameter, and the lipophilia character of the mole-
cules measured from logPyp . parameter, are involved in the phytotoxic ac-
tivity. The three bio indicators has shown that the compounds with the high-
er electron-acceptor groups showed the higher level of phytotoxicity and the
molecules with electron-donor groups showed the lowest activity, although,
in some cases, this behavior is modified by the lipophilic properties of the
molecules. These results are rationalized in terms of polarization of N-H
bond of heterocyclic ring. Compounds with the higher logPipc values
showed the higher phytotoxic activity. Further evidence on the role of lipo-
philicity was obtained from linear regression between the average inhibitions
percentages of biomass and 10gP,, . values. The activity increased linearly by
increasing the lipophilic character of the compounds. Therefore, quantitative
effects in the phytotoxic activity of the electronic properties of the substitu-
ents in the aromatic ring and lipophilic character of the indoles can be in-
ferred from ¢, and logPyp . parameters, respectively. The results strongly
suggest that the potential decomposition products of the natural indole alka-
loids from cereals or other natural sources may be in connection with the al-
lelopathic phenomenon of plants when are released into the soil.
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Allelopathy, Indole, Log By, Lipophilia, Phytotoxicity
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1. Introduction

The use of synthetic herbicides in agriculture can affect the environment nega-
tively; currently it does not represent an effective tool for the control of some
weeds developing resistance. In recent years, research on allelopathic interac-
tions between plants has been focused on agricultural crops as an option in the
development of integrated weed management strategies, reducing negative en-
vironmental effects and the cost of crop protection [1] [2] [3].

A number of crops exhibit allelopathic interactions that influence the germi-
nation, growth, development and yield of other crops, growing either simulta-
neously or subsequently in agricultural soils. The allelopathy by crops arises
when allelochemicals are released from living plants or decomposition residues
in the soil. The decomposition of allelochemicals by biotic and abiotic effects
may occur, and in many cases the transformation products are more phytotoxic
and persistent than the original allelochemical [4] [5] [6]. Thus when consider-
ing the possible exploration allelochemicals in agriculture it is also important to
know the phytotoxicity of degradation metabolites.

A variety of secondary metabolites with phytotoxic properties has been identi-
fied in cereals of great agricultural importance such as: Maize, rye, wheat, barley,
oat, rice and sorghum, a variety of secondary metabolites with phytotoxic prop-
erties has been identified including hydroxamic acids, coumarins, alkaloids, fla-
vonoids and phenolic acids [7]-[13]. The allelopathy of these cereals could arise
from one of them or the combined action of 2 group of these allelochemicals.

Indole alkaloids such as gramine, tryptamine and derivatives substituted on
the aromatic ring are present in various species of gramineae, leguminous and
other families. They cause deleterious effects in mammals, insects, fungi and
bacteria [14] [15]. However, plants may benefit from the allelopathic properties
of these compounds. For example, barley (Hordeum vulgare L.) is a smother
crop, which can suppress the germination and growth of cereals and weeds. This
competitiveness may arise from the phytotoxic activity of these compounds, par-
ticularly, from gramine (Figure 1), the main alkaloid present in this cereals [11]
[13] [16].

The degradation products of these metabolites in agricultural soils and their
phytotoxicity are unknown; as such their role in the allelopathy of barley is not
understood. Transformation of aromatic structures frequently occurs by changes

=
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R
m_g

@ ®

Figure 1. Gramine (2) and the model series of indole studied ®).R=H;
OH; COOH; CHO; CH,-OH; Br; CN; CH,-0-C=0.
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on the side chain and substitutions in the aromatic ring through biotic and abi-
otic effects in the soil. Therefore, structures with an indole skeleton substituted
in the aromatic ring may be also released from decomposition of natural indole
alkaloids or other sources.

For example, indole acetic acid, a phyto hormone that stimulates the plant
growth and the amino acid tryptophan has been identified as 5-hydroxy deriva-
tives in plant and they show allelopathic activity [17]. Similarly 2-benzoxazolinones
derivatives from hydroxamic acids present in Gramineae are phytotoxic against
a lot of crops and weeds [6] [7]. Detoxification by the plants, produce
2-benzoxazolinones substituted with hydroxyl and chloro groups in the aromatic
ring [18] [19].

By other hand, natural indole skeleton unsubstituted in 3-position can be
arising when the side chain in the indole alkaloids is braked by biotic decompo-
sition such as occur in the tryptophan amino acid released from the protein me-
tabolism.

With this in mind, to gain deeper understanding of the role in the allelopathy
of potential decomposition products from indole alkaloids, in this study we re-
port the phytotoxic profile of a2 model series of indoles substituted in the aro-
matic ring (Figure 1). Phytotoxic activity was evaluated based on growth tests of
the alga Chlorella vulgaris, the most commonly used species in microalga toxici-
ty testing [11] [20] [21] and on seeds germination and growth of crops and
competitive weeds. The chemical basis for the activity was rationalized on the
basis of structure-activity relationships.

2. Material and Methods
2.1. Antialgal Test

Test compounds (see Table 1), were dissolved in nutrient media with the 2id of
either ultrasound or gentle heating. In vitro serial dilutions of each compound

Table 1. Anti-algal activity (1%) of 5-substituted (R) indeles and gramine against C. vu/-
grris.

Growth inhibition (I%)

% 125 (pgml™) 25 (gml?) 50 (pgml~) 100 (ugml-)
H 0.0 10 100 100
Br 100 100 100 100
CH,0-C=0 100 100 100 100
CN 42 100 100 100
OH 735 100 100 100
CH,0H 0.0 0.0 52 27.1
COCH 0.0 0.0 0.0 0.0
Gramine 0.0 0.0 72 100
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were prepared in the concentration range of 12.5 to 100 pg-mL™. C. vuigaris was
grown in nutrient broth medium (Gibco). Samples were incubated at 25°C for
10 days in test tubes containing 4.0 x 10* colony forming units (CFU) with con-
tinuous cold white fluorescent light, each assay was performed two times.

The growth of C. vulgaris was assessed by turbidity measured spectrophoto-
metrically at 600 nm.

Percentage inhibition was obtained according to:

1%=T, -1, /100-1,)

where T is the sample transmittance and T is the control transmittance, Each
value corresponds to the mean of three samples; replicate values showed errors
below 5% in all cases. The data were analyzed by one. way ANOVA.

2.2, Germination Assays and Biomass Weight

30 seeds each of barley (A vugare L.), wheat (Triticum aestivum), oat (Avena
sativa), rye (Secale cereale L. cv), maize (Zea MaysL.) and Lollium rigidum were
uniformly placed in Petri dishes covered with cotton (five Petri dishes for each
assay with each species). In order to maintain individual test compound concen-
tration each plate was watered with 10 mL of agueous solution in the concentra-
tion range of 100 to 250 ug-mL™ (see Table 2). The plates were sealed and incu-
bated at 26°C + 2°C in a 10 h: 14 h light-dark cycle for six days. Controls were

Table 2. Inhibitory effect (1%) of agqueous solutions of 5-R indole derivatives and gramine
on the germination seeds of L rigidum, barley (H. valgare L); rye (S cereal L); wheat (T
aestivum); oat (A sativa) and maize (Zea maysL.).

2 Germination inhibition (19%)
Concentration (ugml™) L rgidom Barley Ost Rye Wheat Maize

B 250 743 805 126 188 341 311
100 173 39.7 0.0 0.0 5.0 0.0

250 100 769 250 604 714 3.7

CH,0-C=0
s0- 100 992 512 0.0 123 36.0 0.0
B 250 100 933 297 411 67.7 0.0
T
100 100 443 6.1 10.0 30.0 0.0
oN 250 100 918 939 425 70.0 114
100 100 110 424 172 161 0.0
oH 250 115 34.8 0.0 220 188 152
100 0.0 192 0.0 114 6.0 Nd
250 16.8 133 130 0.0 250 10.0
H
CH:0 100 0.0 0.0 0.0 0.0 7.0 Nd
250 115 200 5.0 59 14 .6
B 3 [

100 0.0 5.0 0.0 0.0 0.0 0.0

250 124 0.0 5. 5.0 7 13:
cuo 0 15 26. 3.7
100 0.0 0.0 0.0 0.0 0.0 Nd

250 18.0 0.0 631 00 234 Nd

Gramine
100 10.0 0.0 526 0.0 229 Nd
Nd = not determined,
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incubated only with water. Each assay was performed three times. After 6 days
the germination inhibition of each species was expressed as percentage of the
respective control. Replicate errors of three samples were below 6% in all cases.
Data were analyzed by one-way ANOVA. Seedling fresh biomass weights were
obtained at the 6 days from the germination of seeds as average percentage of
the control.

2.3. LogPHch Values

The capacity factors (k) for the compounds used in this study were determined
by

K =(tn—1, )/t
where £ is the retention time of the compound and ¢, is the retention time of
non-retained compound (thiourea). Reverse phase high performance liquid
chromatography (RP-HPLC), analyses were carried out in Cy; columns with
mobile phase water (pH = 3.0, phosphoric acid)/acetonitrile 60:40 v/v.

The relationship between &'and the n-octanol-water partition coefficient was
established by linear regression of logk’and log kow values obtained from the li-
terature. Predictive log Py, values were then derived from the equation:

log By o =1.034log &' +2.176

2.4, Chemicals

Indole: 5-carbaldehyde indole, carbomethoxy indole, 5-hydroxy indole,
5-carboxylic acidindole , 5-methanol indole, 5-cyano indole, 5-bromo indole
were purchased from Aldrich Chemical Co. All solvents were HPLC grade. Wa-
ter was obtained from Milli-Q purification system (Millipore USA)

3. Results and Discussion
3.1. Anti-Algal Activity

Green microalgae, such as Chlorellz, are taxonomically classified as plants bear-
ing some similarity to higher plants and for this reason the microalga test may
be used to evaluate herbicidal activity against higher plants. Anti-algal activity of
the indole series (Figure 1) was measured using the fresh water green alga C.
valgaris. Percentages of in vitro growth inhibition are shown in Table 1. To
provide comparison of anti-algal activity, previously reported data for gramine
[11] were used as a reference.

In the concentration range studied (from 12.5 pg-mL™ to 100 ug-mL™) all the
test compounds, with the exception of 5-methanol and 5-carboxylic indole acid,
showed higher levels of toxicity than gramine.

At alower dose (12.5 pg-mL™) the percentages are more diverse and allow the
evaluation of substituents in the aromatic ring with more clarity. 5-bromo and
5-carbomethoxy indoles showed the highest antialgal activity, the 5-cyano and
5-hydroxy indoles displayed less activity and the S5-methanol indole and
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5-carboxylic indole acid showed no activity. In addition, 5-carboxylic indole acid
stimulated the growth of C. vulgaris the increase in biomass with respect to
control was proportional to the concentration in the range from 25 to 500
pg-mL™ (2.3% to 15.7%).

Part of the phytotoxicity of indole alkaloids (Figure 1) has been related to the
structural changes of the side chain bonded at the 3-position [11]. Now, our re-
sults suggest strongly that the substituent in the aromatic ring could play an im-
portant role in the anti-algal activity.

Cellular Ca™" efflux in algae has been proposed as one of the possible mechan-
isms that inhibits the growth of the algae Cylindrotheca sp and other bioactivity
of indole and gramine [22]. Their results showed that gramine had more an-
ti-algal activity than indoles substituted with halogen atoms in the aromatic ring.

Our results do not coincide with the findings of Yang er al. [22], because the
5-bromo indole showed more anti-algal activity that gramine. Therefore, further

research is necessary to fully clarify the anti-algal mechanism of these com-
pounds.

3.2, Germination and Growth Seedling Inhibition

The phytotoxicity of the compounds involved in allelopathic effects depends
upon the dose and target species. For this reason, phytotoxicity of the indole de-
rivatives was also examined on seed germination for five species of cereals and
one weed.

Table 2 shows the effect of an aqueous solution with two different concentra-
tions of 8 indole derivatives and gramine on seeds germination for wheat (7
durum), oat (A. sativa), rye (8. cereale), barley (H. vuigare L), maize (Z. maysL)
and the weed Lollium rigidum.

The germination inhibition indicator (I%) showed diverse values for the
competitive species of cereals and the weed, which allowed an evaluation of the
selective phytotoxicity of the indole derivatives with respect to the selectivity of
the gramine alkaloid.

The weed L rigidum, a small-seeded-species, was the most inhibited at the
two concentrations used of 5-bromo, 5-carbomethoxy and 5-cyano indole deriv-
atives with respect to gramine. The maize species, a large-seeded-species, was the
most tolerant toward all compounds.

Gramine is the main indole alkaloid from barley that might be involved in the
allelopathic property of this cereal. The phytotoxicity of indole is particularly re-
levant to understanding the allelopathy of this compound; because as is men-
tioned above this unsubstituted indole structure can be produced by the de-
composition of gramine in the soil. Hence the results suggest that the allelopath-
ic activity of barley on cereals and weeds might be due to the phytotoxic effect of
gramine™ and the indole residue. Moreover, our results suggest that barley is not
affected by autotoxicity from gramine, but this may be due to indole according
the inhibitory effects showed by this compound (Table 2).
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The effect of water-soluble inhibitor compounds associated with allelopathy is
often more pronounced on plant growth than on its germination and depends
on the dose and the receptor plant. Thus fresh seedling weight may be also 2
bioindicator to evaluate the phytotoxicity of chemicals. In consequence, we ex-
amined the toxic effect of the indole derivatives on the growth of these five spe-
cies and the one weed. Table 3 shows the effect of agueous solutions of 250
pgmL™ concentration of the eight indole compounds on the seedling fresh
weight of those that germinated respect to the control.

As is observed, the seedling biomass weight showed diverse values of inhibi-
tory and stimulating effects on the growth of the species and the weed. Indole,
S-carbomethoxy, 5-bromo and 5-cyano derivatives had the greatest inhibition
effect (1%) on the growth of all the species. The average percentages were 46%,
77.8%, 59% and 85%, respectively. These results are similar to their effects inhi-
biting germination and anti-algal activity. Gramine, 5-carbaldehyde and
S-carboxylic indole acid showed an average inhibition percentage less than 25%.
5-methanol indole did not seem to inhibit germination, moreover, it simulated
(+%I values) the growth of all species, except rye. Similarly, 5-hydroxyindole
showed stimulation of Lollium rigidum and wheat.

These results show that the selectivity phytotoxic effect depends on the recep-
tor species and the substitution in the aromatic ring. Although the concentra-
tions used in this study are probably greater in the field, they are within gramine
is found in plants (0.2 - 7.0 mmol/kg frwt.) [23] [24] [25]. Therefore, these re-
sults suggest that indole derivatives release in the soil from of natural indole 2l-

kaloids or other sources may be involved in the allelopathic phenomenon of
plants.

Table 3. Inhibitory (I1%) and stimulating effects (+values) of an aqueous solution of 250
(wgmL™) of 5-substituted indoles on seedling fresh biomass of cereals and Z. rgidum
with respect to control and log P, ;. values.

Fresh biomass weight (1%)

. Lollium rigidum Barley Oat Rye  Wheat Maize logBmpe
H 583 879 140 293 53.7 320 212
CH,0-C=0 Ng 92.0 62.0 965 874 514 223
Br- Ng 913 29.0 762 664 329 251
CN Ng 99.0 96.5 848 86.8 582 1.86
OH +25.8 835 25 558 +34.6 113 1.98
CH,0H +56.0 +17.1 +29.1 0.0 +55.6 +40.1 1.41
COOH 472 253 263 0.0 165 74 148
CHO 50.0 6.4 224 205 4.1 123 L77
Gramine 220 14.9 109 292 216 Nd 1.45

Nd = not determined; Ng = no germinated seeds.
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3.3. Structure-Activity Relationship

Phytotoxicity in plants may have some of the following effects: toxicity to the ra-
dicle growth of monocots and dicots; inhibitory effect on the energy metabolism
of chloroplasts and mitochondria; modification of the binding affinity of the re-
ceptor sites of membranes.

The chemical mechanism of the phytotoxic activity of indoles is not well un-
derstood. As mentioned above, part of the effect depends on the structure of the
side chain, in the natural indole alkaloids [11]. Our results suggest that the activ-
ity could be also controlled by the substituent in the aromatic ring. Parameters
such as lipophilia and electronic character of the substituent can be involved in
the molecular mechanism of action or the dynamic in the environment.

The effect of electronic properties of the aromatic substituent in indole struc-
ture has been previously analyzed using the molecular orbital theory [26]. An
equation predicting phytotoxicity against the germination of Lettuce (Lactzca
sativa) from HOMO-LUMO frontier orbitals was obtained. From this equation
the structure-activity relationship predicted that electron-acceptor substituents
increase activity because they have a profound effect on the strength of the N-H
bond in the heterocyclic ring, favoring possible H-bond formation with suitable
groups at the active site. A structure-activity study on similar structure activity
such as 5-benzoxazolinones, hydroxamic acids and acetanilide, suggests that the
electron-acceptor effect of the substituents also plays an important role in on the
polarization of N-H bond and the biological activity [27] [28] [29].

From our results, additional specific evidence in the indole structures is ob-
tained by comparing the g, values of the substituents, 2 measure of the electronic
properties of the aromatic ring substituent [30].The substituted derivatives with
the electron-acceptor groups S-carbomethoxy (g, = 0.44), 5-cyano (g, = 0.71)
and 5-bromo (g, = 0.26) showed more activity than the derivative with an elec-
tron-donor group, 5-hydroxy (g, = ~0.38), the unsubstituted indole (g = 0.0)
and gramine.

However, the different activities observed between the 5-carbomethoxy (g, =
0.44), 5-carbaldehyde (g, = 0.47) and 5-carboxylic acid (¢, = 0.44) and those ob-
served between indole (g, = 0.0) and 5-methanol (o, = 0.01) derivatives may not
be associated with the electronic properties of these substituents, because they
have similar g, values.

Lipophilicity is an essential parameter to establish the quantitative struc-
ture-activity relationship of phytotoxicity. The lipophilic-hydrophilic balance
may have a fundamental role in the penetration into seeds and dynamics of the
physiological system [31] [32] [33]. The n-octanol/water partition coefficient
(kow), determined by the traditional shake-flash method, is the parameter most
commonly reported as a measure of the lipophilic character of chemicals, al-
though frequently an insufficient kow data set is a problem in structure-activity
relationship studies. The correlation between the capacity factor (&) obtained
from RP-HPLC methods and kow is generally accepted for simple and rapid es-
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timation of partition coefficients [34] [35] [36] [37]. With this in mind, we es-
tablished RP-HPLC as alternative method to evaluate the lipophilicity of the in-
dole series. A linear regression between the capacity factor and log kow from li-
terature sources for some compounds was obtained (R* = 0.895). From this re-
gression log Py ¢ values were derived by a single equation (see experimental).
Table 3 gives the log By values. The role of lipophilicity in the phytotoxic ef-
fect of the series studied can be analyzed from these values. In general the com-
pounds with the highest log P values showed the highest percentages of inhi-
bition effect on seeds germination and biomass growth. Through the different
target species are affected on the biomass very differently from each other, more
clarity about the lipophilic effect on the biomass growth can be obtained from
correlation between the average inhibition percentages and the logBy, . values
include in Table 2. As shown in Figure 2 the inhibition percentages increase Ii-
nearly with the lipophilic character of the compounds. The carbomethoxy and
CN derivatives display inhibition percentages higher that predicted. This devia-
tion could be ascribed to the electron-acceptor component of these groups. In
the other cases the lipophilic properties should be prevailing.

4. Conclusions

The results suggest that indole residues substituted in the aromatic ring can be
playing a relevant role on the allelopathic phenomenon when are released from
the plants.

Even on the limited number of compounds studied, these results suggest that
the phytotoxic activity of indole series can be predicted by the electronic and li-
pophilic properties imposed by the aromatic ring substituent.

The three bio indicators used here showed that the series of indoles studied
displayed varied phytotoxicity, which depended on the receptor species and it is
related to the electronic and lipophilic properties of the aromatic ring substitu-
ent. The quantitative effect can be inferred from ¢, and logPy; - parameters.

*
CH,O0C=C-
£ S
o N
3
Foil M : " —
0 10 20 30 4 56 & 70 8 9%

% I average

Figure 2. Relationship between the logP; . values and average percen-
tage of biomass inhibition (% I) (R? = 0.895).
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Further research should focus on other aspects, such as the chemical stability
and persistence of derivatives in the soil, which are essential prerequisites if the
application of allelopathy is to become an alternative in the development of in-
tegrated weed management strategies.
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