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Els brassinoesteroides son fitohormones naturals que ofereixen un potencial molt
prometedor per a ser aplicats a I'agricultura. L’elevat cost d’obtencié d’aquests
compostos ha estimulat la recerca d’analegs que ofereixin una bona relacié entre la
seva activitat biologica i el seu cost d’obtencié.

En aquest sentit, es creu interessant la cerca de compostos d’estructura no esteroidal
amb activitat brassinosteroide mitjangcant métodes computacionals. S’han plantejat dos
enfocaments: per una banda, trobar noves molécules i, per I'altra, buscar estructures
que puguin mimetitzar només I'esquelet esteroidal d’analegs brassinoesteroides
androstanics actius per a, posteriorment, ancorar-hi la cadena addient.

Amb la primera aproximacié s’han realitzat processos de virtual screening sobre bases
de dades de screening compounds comercials mitjangant tan un model de QSAR
desenvolupat amb descriptors independents de I'alineament, amb el programa
ALMOND, com l'aplicacié de la metodologia FLAP. Després d’un procés de filtracio,
s’han proposat una serie de candidats, I'activitat dels quals ha estat avaluada amb el
test d’inclinacio de la lamina d’arrds (RLIT). En total, s’han trobat 7 hits, 4 dels quals
formen una série en la que comparteixen I'estructura de N-(2-hidroxietil)piperazina.
Aquests compostos es plantegen com a nous referents per obtenir estructures no
esteroidals amb activitat brassinoesteroide.

Per altra banda, amb la segona aproximacio, s’ha aplicat la metodologia de scaffold
hopping amb el programa SHOP per trobar estructures que puguin mimetitzar
esquelets androstanics brassinoesteroides. Aquesta metodologia s’ha aplicat sobre
dues bases de dades: una de building blocks comercials i una disenyada ad hoc
prenent com a referéncia estructures basades en coneixements previs. Després d’'una
etapa de seleccié mitjangant alineaments flexibles efectuats amb el programa MOE, 11
estructures han estat proposades per a la sintesis d’analegs.

S’ha intentat la sintesis de 3 nous compostos a partir d’estructures analogues de
I'esquelet androstanic escollides preliminarment. Els grups protectors escollits i les
condicions de reaccié assajades no han rendit els compostos desitjats perd han
proporcionat informacié per afrontar la sintesi de futurs analegs brassinoesteroides
amb estructures no esteroidals.
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INTRODUCCIO

1. Els brassinoesteroides (BRs)

1.1. Generalitats

Els brassinoesteroides (BRs) son una familia de fitohormones naturals."® Les
fitohormones, o hormones vegetals, sén substancies enddgenes que tenen un paper
molt important en la regulacié del creixement i del desenvolupament de les plantes.*®
Les 5 families classiques de fitohormones sén les auxines,® les gibberel-lines,” les
citoquinines,? I'etilé® i I'acid abscissic.'® Altres grups classificats com a fitohormones, a
part dels BRs, sén les poliamines, els jasmonats, I'acid salicilic i la sistemina.™

Els nivells hormonals de certes espécies vegetals poden ser alterats per modificar-ne
caracteristiques. Aixi, I's de reguladors del creixement vegetal exdgens és una
técnica emprada a I'agricultura per augmentar la produccié agricola i optimitzar I'is
dels recursos disponibles. En aquest sentit, els BRs, actius a concentracions molt
baixes (0.1-1 ppm), estimulen el creixement vegetal,"'? augmenten el rendiment i la
produccié de biomassa en diferents cultius, augmenten el rendiment i la qualitat de les
llavors™ i acceleren la maduracié de la collita. Per altra banda, confereixen a les
plantes resisténcia contra factors mediambientals adversos tals com una elevada
salinitat del medi," sequera,” temperatures extremes,'*'®'" o I'estrés causat per
herbicides o insecticides.'® Tot aixo, juntament amb el fet que la seva toxicitat és
extremadament baixa i que sén compostos que posseeixen un ampli marge de
seguretat mediambiental,’ fa que els BRs presentin una elevat potential per a la seva
aplicacié a l'agricultura. Els BRs naturals més actius son la brassinolida (BL) (1),
aillada del pol-len de la colza (Brassica napus L.) 'any 1979,% i la castasterona (CS)
(2), aillada del castanyer japonés (Castanea crenata Siebold & Zucc.) I'any 1982
(figura 1).?' Ambdds compostos sén esteroides polihidroxilats amb una cadena lateral
campestanica.

Figura 1. BL (1)i CS (2)

S’han trobat BRs en monocotiledonies, dicotiledonies i gimnospermes,? fet que posa
de manifest la seva ubiquitat en el medi natural. Tot i aixd, sén presents en les plantes
en quantitats molt petites, de I'ordre de ppm o ppb. Aixd fa que la seva obtencié a
través d’extraccid del medi natural sigui inviable des d’'un punt de vista practic i
economic. Per altra banda, la seva sintesi és forca complexa. Aquesta, ja sigui a nivell
de sintesi total o a nivell de sintesi parcial a partir d’altres esteroides, requereix de
diverses etapes sintétiques, algunes de les quals empren reactius molt cars, fet pel
qual aquesta via d’obtencié tampoc és econdomicament viable.

Actualment els esforcos es centren en el disseny i sintesi de nous analegs actius
assequibles econdomicament. Aixi, el coneixement dels requisits estructurals per que
un BR presenti activitat com a promotor del creixement vegetal és molt important per a
dissenyar nous analegs que puguin presentar una bona relacioé entre la seva activitat i
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el cost sintétic. Per altra banda, aquest coneixement permetria aprofundir en el mode
d’accio dels BRs a nivell molecular. Aixd permetria preveure quins BRs serien els més
interessants per a desencadenar activitat abans de ser sintetitzats.

1.2. Relacions estructura-activitat (SAR)

Des de principis dels anys 80 s’han establert diferents relacions qualitatives entre
l'estructura de BRs i Il'activitat bioldogica que aquests han mostrat en diferents
bioassajos.?>*® Entre aquests, en destaquen dos per la seva alta sensibilitat: el test
d’inclinacié de la lamina d’arros (RLIT), tant en la variant de planta tallada® com en la
de planta sencera,? i el test del segon entrenls de la mongeta sensibilitzat.?®

A partir dels estudis SAR realitzats s’ha postulat que els requisits estructurals per a
que un BR presenti una alta activitat sén:

1.- 20,3a-diol a I'anell A

2.- Una 7-oxolactona és preferible a una 6-cetona a 'anell B
3.- Fusié trans entre els anells Ai B

4.- Diol cis en C,,-Cy3, preferentment de configuracié 22R,23R.
5.- Metil o etil en Co,.

Ara bé, en molts dels estudis SAR realitzats s’ha observat una gran dependéncia entre
els valors d’'activitat obtinguts i el métode de bioassaig emprat. Junt amb aquest fet,
s’ha observat que els resultats obtinguts en aquests estudis es troben condicionats pel
conjunt de molécules utilitzat.

Un exemple el tenim en els treballs publicats per Takatsuto et al.,>* que postulen que la
funcionalitat 22R,23R-diol és més important que la 22S,23S en el test del tomaquet o
del rave, mentre que en el RLIT les dues configuracions en cis d’aquest diol, 22R,23R i
22S,23S, sén acceptades.?
Per altra banda, Yokota et al.? van concloure que els requisits estructurals pels restes
alquil en Cy4 sén menys rigorosos quan s’empra el RLIT. Ara bé, aquests autors
accepten com a actius compostos amb substituents metil, etil, metilé o etilé en C,4, aixi
com un metil en Cys, tot i I'alta variabilitat dels valors d’activitat d’aquests compostos.

Altres contradiccions trobades van ser descrites per Kohout et al.,?® que van sintetitzar
compostos amb amides i esters de tipus androstanic®*>® i en van avaluar la seva
activitat en els bioassajos del primer i del segon entrenus de la mongeta. Aquests
autors varen observar que, mentre alguns d’ells presenten una gran activitat en el
bioassaig del segon entrenuds de la mongeta, la seva activitat en el bioassaig del
primer entrenus va resultar marginal. Es va observar que el perfil d’activitat d’altres
analegs BRs també era contrari en aquests dos bioassajos, apreciant un cop més la
dificultat de definir la seva especificitat hormonal.

En conclusio, els diferents estudis de SAR descrits en la literatura i les contradiccions
que es troben en aquests revelen la poca solidesa de les seves propostes respecte als
requisits estructurals per que un BR presenti alta activitat. Brosa et al.** varen mostrar,
a través d’'un analisi detallat de I'estructura d’un petit conjunt d’analegs BRs amb
poques modificacions estructurals, que els resultats obtinguts en els diferents SAR
emprats no son generals des de dos punts de vista:
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1.- En primer lloc, els grups funcionals dels BRs no haurien de ser considerats
independentment tal i com s’ha fet en els diferents estudis de SAR realitzats, doncs
s’ha trobat que els efectes de les funcionalitats estan estretament lligats entre ells.

2.- En segon lloc, I'aplicabilitat dels requisits postulats queda limitada a les
funcionalitats implicades en el conjunt de BRs assajat. Aixi, si bé des d’'un principi es
va fixar com a requisit estructural una fusié A/B trans i un 2a,3a-diol, tal com succeix
en els BRs naturals més actius com la BL (1), la CS (2) o la 28-homobrassinolida
(HBL) (3), encara no s’havia avaluat cap BR amb aquestes funcionalitats oposades.
Brosa et al.**% sintetitzaren compostos d’aquest tipus i varen obteniren un valor
d’activitat molt alt pel compost 4, de 2.49,*"* que presenta alhora un 2p,3p-diol i una
fusio A/B cis (figura 2). Cal considerar que I'activitat en el RLIT ve expressada com el
logaritme negatiu de la dosi que provoca un angle d’inclinacié de les lamines d’arros
de 45° (-log[dosilsse) (veure Annex). L’activitat mesurada per 3 amb el RLIT és de
3.32.3%® LaBL (1) i la CS (2), els BRs naturals més actius, tenen una activitat de 4.01 i
de 3.54, respectivament.

Figura2. HBL (3)i 4

Tal com s’observa a la figura 2, aquests dos compostos només difereixen en
I'estereoquimica del diol de l'anell A i en la fusié A/B. S’'observa com 3 presenta tots
els requisits que en els estudis SAR realitzats s’havien postulat com els necessaris per
desencadenar una alta activitat. Ara bé, tot i que 4 no els presenta, ja que té un
2,3p-diol i una fusié A/B cis, presenta un valor d’activitat forga elevat en el RLIT.

Lactona

Diol
anell A

Figura 3. Solapament de 3, en groc, amb 4, en verd. Es destaca el bon
solapament mostrat per les funcionalitats polars de les dues molécules.

Una explicaci6 intuitiva de l'alta activitat mostrada per 4 la trobem a la figura 3, on es
mostra la superposicio de 3, en groc, amb 4, en verd. S’observa com, tot i que les dues
molécules mostren les diferéncies estructurals esmentades, les funcionalitats polars de
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les dues molécules es troben ben solapades en l'espai. Aixi, s’observa com el
2p3,3p-diol de 4, en verd, es situa en una zona molt proxima al 2a,3a-diol de 3.
S’observa aixi mateix com les altres funcionalitats, la lactona i el diol a 22R,23R, es
solapen molt bé. El bon solapament mostrat pels dos compostos implicaria que
interaccionen d’'una manera similar amb el seu entorn en el potencial lloc d’unid, i que
per tant la seva activitat biologica seria equivalent, tot i que 3 compleix tots els requisits
estructurals que s’havien postulat en els estudis de SAR per que un BR presenti una
alta activitat i 4 no en compleix dos.

Per tant, aquest resultat posa de manifest que l'activitat d’'un BR esta intimament
relacionada amb I'estructura tridimensional de la molécula, és a dir, en la disposicio
global dels diversos grups funcionals presents a la molécula a través de I'espai.

1.3. Relacions quantitatives estructura-activitat (QSAR)

Degut a la feblesa dels requisits postulats a la literatura per obtenir una alta activitat
brassinoesteroide, a la Secci6é d’Esteroides de I'Institut Quimic de Sarria (IQS) es va
desenvolupar una metodologia per estudiar les relacions entre 'estructura i I'activitat
dels BRs tenint en compte la seva estructura molecular tridimensional. Aquesta
metodologia ha permés I'obtencié d’'un bon model de relacié quantitativa estructura-
activitat (QSAR) a través de técniques de modelitzacié molecular.®*>°

Els objectius que es busquen amb aquesta metodologia sén, per una banda, dirigir la
sintesi de BRs cap a nous analegs amb una bona relacié entre I'activitat i el cost
sintétic i, per I'altra, aprofundir en el coneixement de la seva interaccié amb el receptor
a través del coneixement dels requisits estructurals necessaris per a que el BR
presenti activitat.

Donat que no es coneix I'estructura del receptor dels BRs, el BRI1,*° de moment no es
poden emprar meétodes directes, basats en I'estructura d’aquest. Aixi, per obtenir
informacié cal recorrer a métodes indirectes, basats en la comparacié de I'estructura
d’un conjunt de lligands del receptor d’activitat coneguda.

La metodologia general per obtenir un model QSAR s’esquematitza a la figura 4.

Prediccié activitat

nous analegs

brassinoesteroides estructura-activitat

Conjunt de Correlacio

Coneixement
requisits estructurals

Q:> | Modelitzacié molecular | |:ﬁ

Figura 4. Metodologia general per obtenir un model QSAR

Es proposa un conjunt d’entrenament o training set de compostos d’estructura el més
diversa possible i d’activitat coneguda i homogénia. Al Laboratori d’Esteroides del IQS
es van fer servir compostos que havien estat sintetitzats en I'equip i dels quals se’n va
mesurar I'activitat amb el RLIT,? bioassaig que es va posar a punt.*”*® Tot seguit, es
calculen una série de descriptors per a cada una d’aquestes estructures, és a dir, una
série de valors numeérics relacionats amb alguna propietat quimico-fisica de la
molécula. Aquesta etapa pot requerir-ne d’'una de prévia de modelitzacié molecular. La
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correlacio dels valors obtinguts pels descriptors del conjunt de compostos amb les
corresponents dades d’activitat permet obtenir un model QSAR. Es vol que el model
tingui una bona capacitat predictiva de 'activitat de compostos que no s’hagin emprat
per elaborar el model. EI compostos que mostrin una activitat predita alta, poden ser
proposats per la seva sintesi o obtenci6. Si I'activitat bioldgica que puguin mostrar
aquests és interessant, poden ser incorporats en el conjunt d’entrenament del model
per realitzar un nou model QSAR amb una potencial major capacitat predictiva.

La técnica de modelitzacié molecular que ha donat resultats més bons a I'equip és la
metodologia GRID.**3%4! Aquesta té&cnica*® consisteix en situar la molécula d’estudi,
amb una conformacié determinada, a l'interior d’'una malla tridimensional definida per
punts distribuits uniformement a través de I'espai. A continuacié, en cada un dels punts
de la malla, es calcula I'energia d’interaccié de la molécula d’estudi amb una sonda.
(figura 5). Una sonda equival a una molécula o grup funcional que interacciona d’'una
manera determinada amb la molécula d’estudi. Exemples de sondes sén la sonda
DRY, que mimetitza interaccions hidrofobiques, la sonda O, que mimetitza la interaccio
donada per l'oxigen d’un carbonil (principalment aceptora de pont d’hidrogen) i la
sonda N1, que mimetitza les interaccions ofertes per I'atom de nitrogen d’'una amida
amb un atom d’hidrogen (principalment dadora de pont d’hidrogen). A partir d’aquest
calcul s’obtenen camps d’interaccié molecular (MIF). Els MIFs son la representacio
grafica dels punts de la malla on I'energia d’interaccié entre la molécula sonda i la
molécula d’estudi pren un valor determinat.

\.( *Y— Ssonda (Probe)
1

HO

1
I
7, 1
I
I

\:\ Molécula (Target)

HO'"

Figura 5. Calcul de I'energia d’interaccié entre una molécula
i una sonda en cada un dels punts definits en la caixa de GRID

A I'Equip, els MIF que més s’han estudiat i que han proporcionat millors resultats sén
els que s’obtenen emprant la sonda d’aigua i utilitzant una energia d’interaccio igual o
menor a -3 kcal'mol™.**%* La sonda d’aigua és una molécula dadora i acceptora de
pont d’hidrogen. Aixi, indica aquelles regions de I'espai amb una alta probabilitat
d’interaccionar a través de ponts d’hidrogen amb la molécula d’estudi. Que aquest MIF
hagi estat el que hagi donat resultats més bons suggereix que hi ha una relacié molt
estreta entre I'activitat d’'un BR i la capacitat que tingui aquest d’interaccionar per pont
d’hidrogen en determinades regions de I'espai.**>°

A la figura 6 es mostra el MIF per la BL (1) per una energia d’interaccié igual o inferior
a -3 kcal'mol” emprant la sonda d’aigua. Aixi, les arees representades en groc
corresponen a aquelles regions de I'espai amb una alta probabilitat d’interaccionar per
ponts d’hidrogen. A través d’un estudi comparatiu dels mapes de GRID realitzat entre
la BL (1) i uns 20 analegs BRs s’ha postulat que les zones que es creuen més
importants per tal que un BR expressi activitat (en color vermell) sén les zones
corresponents als hidroxils en C3; i en Co3 i la zona corresponent a la part alta del
carbonil lactonic. Per altra banda, es creu que les zones que no tenen un paper tan
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important en l'activitat (en color lila) sén les zones corresponents als hidroxils en C, i
en Cyx,i la zona corresponent a la part baixa del carbonil lactonic.

20-OH 6-CO 23R-OH

Figura 6. Punts del MIF calculat per la BL (1) amb la sonda d’aigua amb una energia no
superior a -3 kcal/mol. En vermell es destaquen aquelles zones considerades essencials
perque 1 sigui activa i en lila aquelles que no es consideren tan importants.

Per altra banda, altres estudis realitzats han permés concloure que I'extrem hidrofobic
de la cadena lateral dels BRs té un paper decisiu en I'activitat biologica d’aquests.®**’

Cal fer un incis en que quan es treballa amb molécules que tinguin una part flexible,
com és el cas de la cadena lateral dels BRs, cal definir una conformacié activa (AC) de
referéncia. La AC equivaldria a aquella conformacié preferent que adoptaria un lligand
en el lloc d'unié del receptor proteic corresponent. El procés per obtenir una AC
acostuma a ser costés, especialment en el cas de que no es disposi de 'estructura
tridimensional del receptor amb el lligand unit al lloc d’unié, com és el cas dels BRs.
Actualment, es disposa de 3 ACs de la BL (1), obtingudes per varis metodes: analisi
sistematic en forma d’arbre (BL-SQR),* comparacié entre diversos indexs de similitud
molecular (SQR, RMS i MOV) (BL-PLS)* i la trobada per GRID flexible (BL-MVP).*’
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2. Cerca de nous analegs amb descriptors independents de I’alineament

Els estudis i els models de QSAR obtinguts amb la metodologia GRID en I'Equip van
rendir informacié molt important per enfocar la sintesi de nous BRs i per conéixer
requisits estructurals que els métodes de SAR anteriors no havien pogut descriure.
Malgrat tot, la metodologia GRID presenta un inconvenient molt important: I'etapa
d’alineament de les molécules d’estudi. Cal tenir present que, per dues molécules
diferents situades a la malla de GRID, cal que els mateixos punts de la malla siguin
equivalents. Per tant, cal orientar les molécules de forma que aquestes quedin
sobreposades. Aquest etapa és una etapa lenta i que pot introduir facilment
predisposicions per part de l'usuari. Addicionalment, aplicar un model de QSAR per
predir l'activitat d’'un compost que no sigui analeg estructuralment als BRs, dificulta i fa
encara més subjectiva l'etapa d’alineament, fet que impossibilita la prediccio
sistematica de l'activitat de compostos d’estructures diferents a les que s’han fet servir
per elaborar el model.

Aquesta problematica ha estat solucionada amb el desenvolupament de métodes de
calculs de descriptors independents de I'alineament derivats dels MIFs. Les principals
metodologies desenvolupades son els descriptors GRIND,** i les metodologies
SHOP*“¢ j FLAP.*"“® Aquests métodes seran descrits en detall al capitol 1 d’aquest
treball. Tots ells permeten efectuar processos de virtual screening o de scaffold
hopping sobre extenses bases de dades de compostos comercials d’estructures molt
variades. Aquests processos rendeixen un conjunt de compostos candidats que sén
susceptibles de ser actius.

Una mostra de les possibilitats que ofereixen la tenim en l'aplicacié de la metodologia
SHOP en la recerca d’'una estructura que mimetitzés la cadena lateral de la BL (1) en
els BRs androstanics.** Els BRs androstanics sén compostos que presenten un
esquelet androstanic, pertinentment funcionalitzat, amb un hidroxil en la posicié 17 on
hi ha unit per esterificacié una grup acil, que pretén mimetitzar la cadena lateral de la
BL (1) i de la CS (2). La metodologia SHOP es va aplicar sobre una base de dades
d’acids carboxilics comercials i es van escollir 8 acids carboxilics com a candidats.
Amb ells es van sintetitzar els corresponents analegs androstanics. El millor resultat es
va obtenir amb I'acid (R)-hexahidromandélic (5), amb el que es van obtenir els
compostos 6 i 7 (figura 7), pels quals es va mesurar una activitat de 1.70 i de 1.06,
respectivament, en el RLIT, equivalent a la de BRs d’activitat mitjana.’®>*" Tal com es
pot observar, la cadena de 6 i de 7 comprén aquells requisits estructurals que s’havien
postulat com a necessaris per obtenir BRs androstanics actius: una funcionalitat polar
en la posicié o del carbonil i un extrem hidrofobic.>® Cal destacar que els compostos 6 i
7 van ser sintetitzats a partir d’'una cadena lateral comercial i van rendir uns dels valors
d’'activitat més alts obtingut en I'equip per BRs androstanics, amb la qual cosa es
poden prendre com a referéncia pel disseny de futurs analegs d’aquest tipus.®*’

Figura 7. Acid (R)-hexahidromandelic (5), 6 i 7.
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Aquest resultat mostra que la metodologia SHOP és molt util en la substitucié de
subestructures d’'una molécula per d’altres que, presentant un perfil d’interaccio
equivalent amb I'entorn, ofereixin caracteristiques meés interessants, com una major
disponibilitat comercial o accessibilitat sintética. Aixd permetria estalviar nombroses
etapes sintétiques, facilitant d’aquesta manera el procés d’obtencié de nous analegs
d’estructures actives ja conegudes.

Prenent aquests punts en consideracio, es planteja que seria interessant, ara, prenent
com a referéncia els compostos 6 i 7, substituir I'esquelet esteroide per una estructura
de sintesi més facil o amb disponibilitat comercial aplicant la metodologia SHOP a una
base de dades d’alcohols. Cal esmentar que la sintesi de l'esquelet dels BRs
androstanics requereix de 8 etapes sintétiques, en el cas de I'esquelet de 6, i de 9, en
el cas del de 7.5°°"% Aixi, trobar una estructura comercial que pogués estalviar
aquestes etapes suposaria un estalvi de recursos molt importants.

Per altra banda, seria molt interessant aplicar les metodologies que fan servir els
descriptors GRIND i FLAP en el desenvolupament de métodes de recerca sistematica
sobre bases de dades de compostos comercials que permetin trobar estructures
analogues als BRs actius. En aquest cas, la recerca no s’enfocaria a trobar analegs a
subestructures de la BL (1), sin6 a trobar molécules que la mimetitzessin
completament i poguessin ser actives per elles mateixes. Aix0 permetria trobar nous
analegs sintétics no-esteroidals, fet que permetria allunyar-se de totes aquelles
implicacions d’'un esquelet esteroide. El fet que dues molécules diferents puguin
desenvolupar activitats bioldgiques equivalents a través de la seva unié amb un
receptor, es basa en que comparteixen aquells requisits farmacoforics que fan que
siguin complementaries en el lloc d’unié del receptor.

Un antecedent de molécules no esteroidals mimétiques de la BL (1) el trobem en els
analegs dissenyats i sintetitzats per Back et al.>* Aquests autors van proposar
estructures amb dos sistemes d’anells fusionats amb funcionalitats polars units per un
linker com a possibles candidats a ser actius. De tots els compostos assajats, els
compostos 8 i 9 (figura 8) varen mostrar activitat en el RLIT amb coaplicacié amb I'acid
indolacétic (IAA), una auxina. Se sap que la BL (1) mostra un efecte sinergétic quan és
coaplicada amb el IAA. Ara bée, ni 8 ni 9 varen mostrar activitat per si mateixos.

Figura 8. Compostos 8 i 9.

A I'Equip es va realitzar un estudi per aprofundir en les causes estructurals que podien
explicar aquest comportament.*® Es van buscar aquells trets estructurals comuns amb
la BL (1), que explicaven l'activitat de 8 i 9, i aquelles peculiaritats estructurals que
diferien de la BL (1), que explicaven per qué 8 i 9 no eren actius per ells mateixos. Els
resultats d’aquest estudi es poden explicar a través de l'alineament de 8 i 9 amb la BL
(1) (figura 9).
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Figura 9. Solapament de la BL (1), en verd, amb 8, en groc, a I'esquerra,
iamb 9, en groc, a la dreta.

Aixi, es va observar que els diols de 8 i 9 quedaven molt ben solapats amb els diols
20,300 i 22R,23R de la BL (1). Aixi mateix, el carbonil de 1 troba un solapament molt bo
amb funcionalitats polars presents a 8 i 9. Addicionalment, 8 i 9 tenen una part central
hidrofobica i rigida, com 1. Es va concloure que aquests trets estructurals poden
justificar I'activitat d’aquests dos compostos en ser coaplicats amb el IAA. Per altra
banda, 8 i 9 no presenten cap part hidrofobica que es solapi amb I'extrem hidrofobic de
la cadena lateral de la BL (1) i tenen parts que sobrepassen el volum de la BL (1). Es
va cr%Jre que aquest era el motiu pel qual 8 i 9 no eren actius per ells mateixos en el
RLIT.

Aquest resultat posa de manifest la necessitat de trobar d’'una forma més sistematica
estructures comercials que puguin compartir amb els BRs actius aquells requisits
farmocoforics que fan que es puguin unir de manera efectiva amb el receptor bioldgic.
Aixd equival a que compleixin la majoria dels requisits estructurals postulats perque un
BR desencadeni activitat biologica.
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Objectius

Trobar compostos amb activitat brassinoesteroide mitjangant cerques sobre bases
de dades de screening compounds comercials emprant tan un model de QSAR
desenvolupat amb descriptors GRIND com la metodologia FLAP.

2. Trobar compostos que puguin ser analegs als esquelets esteroidals dels
compostos 6 i 7 mitjangant cerques amb la metodologia SHOP sobre bases de
dades de building blocks comercials.

3. Sintetitzar els corresponents analegs amb els esquelets trobats en el punt
anterior.

4. Avaluar l'activitat dels compostos obtinguts en els punts 1 i 3 amb el Test
d’Inclinacié de la Lamina d’Arros (RLIT).

Objectives

1. To find compounds with brassinosteroid activity by a screening procedure over
commercial screening compounds databases using both a QSAR model
developed with GRIND desciptors and FLAP methodology.

2. To find compounds analogous to the steroidal skeletons of compounds 6 and 7 by
a screening procedure with the SHOP methodology over commecial building block
databases.

3. To sintetize the corresponding compounds with the skeletons found in the
previous point.

4. To evaluate the biological activity of the compounds obtained in the points 1 and 3

with the Rice Lamina Inclination Test (RLIT).
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CHAPTER 1: COMPUTATIONAL CHEMISTRY

1. Theory and methods

1.1. Molecular modelling

Molecular modelling is defined as the computer representation, description and
evaluation of the structure or properties of a chemical system.>>®

1.1.1. Energy

One of the main points in the theoretical study of a molecule or chemical system is the
calculation of its energy. The aim is the quantification of the intra- and intermolecular
interactions of the molecules, reflecting these as the free energy, AG, of the system
under study. This energy calculation can be made according to 3 groups of methods,
depending on the level of theory used: molecular mechanics, semiempirical methods
and ab initio methods.®®**® The last one uses quantum mechanics to perform
calculations that involve the electrons and the nuclei of the atoms. In contrast, the
methods based on molecular mechanic consider only the position of the nuclei and the
electrons are considered in an implicit way. Semiempirical methods use an
intermediate level of theory. From the three groups, the molecular mechanics one has
been widely used, due to its calculation speed, much faster than the other ones. This
allows the study of complex systems, such as protein-ligand interaction or
macromolecules, with an intuitive interpretation of results.

1.1.2. Molecular mechanics: the force field

The force field is the group of equations and parameters coherently structured used for
the energy calculation of a system from its atomic coordinates. The choice of a force
field depends on the kind and size of the system to study, and also on the calculation
capacity available. The expression of a force field comprises different terms, which
describe different kind of energy contributions to the total energy of the system
(Equation 1).

EFF = Estr + Ebend + Eoop + Etors + Evdw + Eel + Ecross
Equation 1. Generic expression of a force field.

The first four terms describe energy interactions associated with atoms covalently
bound. The term Eg, corresponds to the stretching of bonds between two atoms. The
term E,eng corresponds to the bending of the angle between three atoms bound one
after the other. The term E,,, corresponds to the out of plane flexion, formed by four
atoms. Eys is associated with the torsion of dihedral angles, formed by four atoms
bound one after the other. E,q, and Eg are two terms associated with atoms not bound
covalently. The former describes Van der Waals interactions, while the latter
corresponds to electrostatic ones. Finally, the term E.ss, Shows the coupling between
different terms, mainly the stretching, bending and torsion ones.

To define the geometric features associated with the energy of a system, the force field
uses a series of parameters which depend on the atom type. The atom types are labels
assigned to each atom that try to describe the structural features (bond distance, bond
angles...) and the chemical ones as well (hibridation, aromaticy...), keeping in mind the
chemical atom that is being considered.
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1.1.3. Conformational analysis

The conformation of a molecule is the three-dimensional arrangement of its atoms
associated to a energy value.”” Molecules can have bonds with rotational movement,
being this free or restricted. The turn of these bonds generates a series of
conformations that define the conformational space of molecules. Conformational
analysis methods analyse the different conformational states available to a molecule
and determine the most stable or the most populated one. In the conformational space,
the thermodynamically stable states correspond to minimum energy conformations.
There are several methods to perform the computational analysis of molecules. Two of
the most common ones are the systematic analysis and the molecular dynamics
simulations.

Systematic analysis allows an exhaustive exploration of the conformational space of a
molecule and so it has been widely used.*®®® This method is based on the ordered and
sequential variation of relevant geometric parameters, such as torsion angles. The
energy is screened in the rotational space, defined by an angle step, of each one of the
torsion angles of interest of the molecule. The main problem of this methodology is the
combinatorial explosion of the possible conformations that is given when the number of
dihedral angles increases. However, structures that violate certain predefined criteria
can be eliminated, thus reducing the conformational space of the compound under
study. This method was previously applied in our group to perform conformational
analysis of side chains of brassinosteroids (BRs).*

Molecular dynamics uses the equations of the movement of classical mechanics to
simulate the behaviour along the time of a chemical system through the potential
energy defined by a fixed force field.?"®® These methods can perform generation of
random conformers.

An alternative to those time-consuming methods is given by rule-based programs.®*°
These methods allow the automatic generation of three-dimensional atomic
coordinates considering for each rotor the most probable values using a database of
structural parameters such as bond lengths, angles and ring conformations. For
example, for the bond Csp3-Csp3, only the three alternated possible conformations are
considered (60°, 180° and 300°). This method allows the generation of a set of
conformers of maximum diversity with a good reliability reducing the calculation time.

1.2. Drug discovery methods

Depending on the information available about the receptor, there are two big
methodologies to design new analogues taking into consideration the binding between
a biological receptor and a ligand:

* Direct methods: They are used when the structure of the receptor is known through
experimental data (X-ray diffraction o NMR) or predicted by protein homology
modelling. These methods can be applied in the performance of SBDD
(Structure-Based Drug Design).

* Indirect methods: They are used when the structure of the receptor is unknown and
the information is obtained from the comparison between different ligands with a range
of activity. These methods can be applied in the performance of LBDD (Ligand-Based
Drug Design).
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In the second ones, it is assumed that the whole information necessary to explain the
activity of a group of compounds is found on its structure assuming the hypothesis that
they interact with the receptor with the same binding mode. So, the comparison of the
properties for different compounds enables the identification of which functional groups
(binding points) would make possible the binding with the receptor. In addition, it must
be taken into consideration that the compounds possess certain flexibility and thus they
can adopt different conformations. Nevertheless, only a fixed conformation, or a small
group of them, called active conformation (AC), binds with the receptor. In this sense,
the AC has the hypothetical spatial orientation for the binding mode of the compound to
interact with the receptor. Moreover, factors as possible ligand interaction through
water molecules are typically difficult to consider.

In the field of brassinosteroids (BRs) only indirect methods can be applied to find new
analogues because, although the big advances being achieved last years,*° the
three-dimensional structure of the binding site of the receptor is still unknown. So,
defining an AC for brassinolide (BL) (1), the most active BR, is needed to use as a
template to efficiently compare the rest of the molecules. During the last years, our
group has defined three active conformations of 1, found by different methodologies:

BL_sqr: The conformation of BL (1) common to 6 active BRs was found attending to
several similarity criteria: SQR (geometrical criterion based on the comparison of
distances between particular atoms of the molecule), RMS (geometrical criterion based
on the calculation of the distances of equivalent atoms between different conformers
once the molecules were overlapped) and MOV (geometrical criterion based on the
comparison of the shape of the molecules with a similarity index computed by obtaining
the common volume of the side chains when atoms C11, C12 and C14 are
overlapped). This conformation is shown in green colour in figure 10.%

BL_pls: To find this AC the conformers of the BRs, found by random conformational
analysis, were manually overlapped by rings C and D, the rigid part common to
brassinosteroids. Then the first torsion angle of the side chain was fixed to an angle of
180° and the rest of the torsion angles of the molecule were considered as degrees of
freedom, which were fixed in an iterative way where a PLS model was derived from
GRID MIFs considering the rotation of the non-fixed bonds (flexible GRID-MIFs). In this
model a set of rigid conformations were interpolated for each ones of the BRs. Finally,
by comparing the values of the torsion of the selected conformations, the degrees of
freedom were fixed and the conformation where the predicted activity was closest to
the real one was selected. This conformation is shown in yellow colour in figure 10.%

BL_mvp: The methodology used in this case is the same as the last one. The
difference stays in the conformational analysis performed (the conformers used in the
comparison were obtained from molecular dynamics techniques through simulated
annealing) and in the number of BRs used in the comparison (4 new BRs were
included and the measured activity of BL (1) was redefined). Also, the alignment was
redefined (overlapping of GRID MIFs using the water probe), when the polar functional
groups were once fixed. This conformation is shown in purple colour in figure 10.*'

The three different active conformations of BL (1) found in the Steroids Laboratory of
the IQS are shown in figure 10. As it can be seen, the differences in the skeleton are
inappreciable, while in the side chain, due to its higher flexibility, differences in the
region of the hydroxyl 23R-OH and in the hydrophobic extreme of the side chain can be
appreciated.
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;
W

Figure 10. Overlap of the 3 AC of BL (1): BL-sqr, in green,
BL-pls, in yellow, and BL-mvp, in purple.

These 3 ACs of BL (1) are taken as a reference in some steps of this project.

1.3. Molecular descriptors

Historically, Hansch introduced the use of QSAR to predict the activity of a series of
structurally related compounds according to structural features.®® Since then in the drug
discovery field many mathematical molecular descriptors have been developed to
obtain correlations with the biological activity of compounds. Single-value descriptors
(for example, log P), and vectors and matrixes explaining both chemical (Free-Wilson
analysis,®”®®  topological  indexes®®”') and  chemical-physical  features’
(hydrophobic,”™™ steric’>"® and electrostatic descriptors’”’®) have been used in this
way. In addition, the development of molecular interaction fields (MIFs)**"® and the use
of the three-dimensional structure of the molecule to obtain molecular descriptors®
supposed a considerable advance in the QSAR field.

1.3.1. GRID descriptors

Goodford et al.” introduced the GRID force field, with which molecular interaction fields
(MIFs) are calculated for a molecule. MIFs represent those favourable interaction areas
that a molecule established with its surroundings.42 To calculate this, the molecule is
placed inside a grid box defined by points regularly distributed around the space. Next,
the interaction energy between the molecule and a defined probe is calculated in each
point according to the sum of three factors: steric, electrostatic and hydrogen bond.

Depending on the selected probes, different MIFs can be calculated. More than 50
probes have been described and parameterized in the program GRID.®' They can be
classified into five categories. The most representative probes are shown in table 1.

Probe type Probe

Steric C3, C1=, S1
N1, N1=, NH=, N2, N:, N2:, N2+,
N2=, N1+, N:=, OH2, O1, OH, O-, O:

Hydrogen bond donor

Hydrogen bond acceptor 0C2, OES, O
Electrostatic Na+, ZN+2
Hydrophobic DRY

Table 1. The five different groups of probes according to the predominant interaction.
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1.3.2. GRIND descriptors (GRid-INdependent Descriptors)

The drawback of using MIFs in QSAR studies is the alignment step between different
molecules, as this step is time-consuming and subjective. On the other hand, some of
the models developed are based on the use of correlation functions.®*®® This implies
that the information from which the descriptors have been calculated, contained in the
set of molecules of study, can not be reconstructed once they have been calculated.
So, the structural interpretation of the results is not easy, given the difficulty on knowing
which particular molecular parameters have generated the value obtained in the
calculated descriptor.

A solution to these problems was proposed with the development of GRIND (GRid-
INdependent Descriptors).¢¥” These alignment-free descriptors give information based
on the existing distance between the maximum interaction produced by different
functional groups present in the molecule. This methodology, described as follows,
makes easier the interpretation of the results, since the information obtained for the
descriptor can be referred to the molecular features from which it has been generated.

The process used to obtain GRIND descriptors, calculated with program ALMOND
3.3.0, 8 comprises 3 steps, described as follows.

a) Molecular Interaction Field (MIF) computation

The first step to obtain GRIND descriptors is the calculation of MIFs for the molecule
under study. With these fields, the Virtual Receptor Sites (VRSs) are defined. VRS is
an abstract entity that defines an ideal binding site complementary for the molecule
under study and represents its potential ability to bind to the receptor. GRIND
descriptors are based on the computed VRS, since they represent the geometric
relationships existing between the relevant regions in the VRS.

The process starts placing the molecule under study inside a three-dimensional grid,
defined by nodes uniformly distributed in the space. Then, at each node, the interaction
energy between the molecule and a probe is calculated, so that all the
three-dimensional space around the molecule is considered (figure 11).

GRID box

Target

Figure 11. Graphical representation of the energy calculation
between the molecule and a probe in the points defined in the GRID box.

The group of nodes with the same interaction energy between the molecule under
study and the corresponding probe define molecular interaction fields (MIF).2® MIF
identify regions where certain functional groups of a molecule can interact favourably,
suggesting positions where functional groups of the receptor can interact with the
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ligand. A new kind of probe, called TIP, is available to calculate GRIND descriptors.
This probe detects those points near convex regions of the molecule, thus giving a
description of the shape of the structure under study.*

As example, if the water probe is used hydrogen bond donor and acceptor groups of
the molecule under study are evaluated. So, the representation of the MIFs obtained
using the water probe with an energy minor than -3 kcal'-mol™ renders those areas of
the molecule with a high probability to interact by hydrogen bonds with the water
environment. Using several probes for a molecule, a set of favourable interaction
positions that define the VRS can be obtained.

The MIF calculation is made with the program GRID.®" In order to obtain relevant VRS,
the selected probes should represent functional groups potentially important in the
binding site of the receptor. To study compounds that interact with proteins, the most
reasonable probes to use are the probe DRY, which represents hydrophobic
interactions, the probe O (carbonyl oxygen), that represents hydrogen bond acceptor
interactions, and the probe N1 (amidic nitrogen), that represents hydrogen bond donor
interactions. The space between the nodes is typically set to 0.5 A, and the GRID
extends 5 A over the molecule under study.

b) Filtering of the MIF

Generally, the MIFs obtained with GRID methodology for a single compound comprise
between 10* and 10° nodes. However, the information given by all these points
sometimes is redundant and unevenly distributed being higher in some regions than in
others. To avoid this, in this step a filtering of all the nodes obtained in the MIF
computation is done, rendering only those points that possess information,
independently from the others, about relevant interaction regions. Only the more
interesting regions, defined by intense favourable interactions, are selected.

The filtering is made with a Fedorov type optimisation algorithm,®" which selects the
more relevant points from each MIF through a weighting function where two criteria are
reflected: the intensity of the field in a particular node and the distance between two
nodes. By default, 100 nodes are selected in the filtering step, but this number can be
increased depending on the size and interaction of the molecule.

This process is illustrated in figure 12. On the left, the MIF computed with O probe
around brassinolide (BL) (1) is shown, representing the contour that includes points
where the energy of interaction is minor than -3 kcal-mol”. On the right there are the
150 nodes that are selected after the filtering process.

Figure 12. Point filtering process for BL (1)
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c) Codification of the VRS to GRIND descriptors

Once the VRSs have been computed with the probes that have been chosen and the
corresponding filtering of the points has been done for the MIF rendered by each
probe, GRIND descriptors are obtained.

In first place, the product of the scaled energy between each pair of nodes is
calculated. As scaled energy, we define the division of the energy calculated with a
defined probe in a point by the maximum energy value given by this probe. The results
can be graphically represented in graphics so-called correlograms, where the value of
the products is represented respect to the distance that separates the points from
which it has been calculated. A discrete number of distance ranges is considered. In
each range of distances only the higher energy product is considered. When the
energies between two nodes have been calculated for a single probe, the correlograms
obtained are called auto-correlograms. When the nodes have been obtained with
different probes they are called cross-correlograms. The number of correlograms (C)
obtained depends on the number of probes selected (n) according to equation 2.

n!
C=———+n
(n=-2)!-2

Equation 2. Number of correlograms generated by a n number of probes.

So, if 3 probes are considered, the total number of correlograms obtained will be 6,
from which 3 will correspond to auto-correlograms and 3 will correspond to
cross-correlograms, corresponding to the interactions between the first and the second
probe, the second one and the third one, and the third one and the first one.

The calculated correlograms for a molecule of study with different probes are
represented placing them one next to the other. Each correlogram has the minor
distance values on the left and the major ones on the right. As example, the
correlograms obtained for BL (1) using probes DRY and O are shown in figure 13.

Product of the interaction energies

Auto-correlogram Auto-correlogram Cross-correlogram
DRY-DRY 0-0 DRY-O

Figure 13. Correlograms obtained for BL (1) using probes DRY and O. From left to right
auto-correlogram DRY-DRY, auto-correlogram O-O and cross-correlogram DRY-O are shown.
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One of the already mentioned advantages that GRIND methodology offers respect to
previous autocorrelation methodologies is that it allows an easy interpretation of the
data obtained. The two coordinates whose interaction energy product is calculated are
saved in the computer memory, allowing to know which pair of nodes has originated
each energy value. This method is called maximum auto- and cross-correlation 2
(MACC-2).% As an example, with the cross-correlogram corresponding to probes DRY-
O calculated for BL (1), the pair of nodes that has generated each descriptor can be
represented. As shown in figure 14, on the left part there are the shorter distances and
on the right the longer ones.

So, when GRIND descriptors have been calculated for a molecule, a profile of energies
related with the distance is obtained, showing which distances separate the more
important interaction zones in the molecule. The correlogram peaks correspond to the
high energy products between two nodes. The shape of the peak also gives
information about the group distribution. Functional groups producing intense
interaction are represented on the correlograms by wide peaks. On the other hand, thin
peaks tend to represent weak interactions.

Figure 14. Distances corresponding to different points
in the cross-correlogram DRY-O calculated for BL (1).
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At a theoretical level, the set of correlograms obtained is expressed through a vector
where energy values have been obtained as they appear on the correlogram (figure
15).

A A A

4 N\ N 4

.
(Cy CpyennCyg Cip CpperiCropevensCypyorC )

where n = total number of correlograms
m = number of energy values in each correlogram.

Figure 15. Expression of correlograms as a vector

GRIND descriptors have been successfully used in different fields of drug discovery in
the development of QSAR models,”*" to highlight those pharmacophoric features
needed for active molecules to elicit activity®® and also to make predictions about drug
metabolism.*®

1.3.3. SHOP descriptors

As described before, alignment-free descriptors offer a great advantage over those that
need an alignment. However, GRIND descriptors do not take into account the absolute
three-dimensional disposition of the molecule, as they are based on distances
calculated between all the points in the MIF. This problem has partially been overcome
with the recent development of SHOP methodology.

SHOP methodology uses alignment-free descriptors based on distances measured
from reference points in the molecule, called anchor points, either to MIFs calculated
around the compound with the GRID methodology, or to atomic positions. This method
shows an analogy with GRIND descriptors, but in this case distances are calculated
respect to defined points of interest in the molecule.
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Anchor points can be defined in two ways:

- As the essential groups or substructures that are involved in the interaction with
the receptor o with other molecules. As example, in some thrombin inhibitors,
its interaction with the residue of aspartic acid Asp189 of the active centre S1
could be defined as the anchor point.

- As the group in a molecule that is involved in the synthesis of other compounds.
As example, in the reactions of N-acylation for the peptide synthesis, the
carboxylic acid of the residues can be defined as the anchor point.

In the SHOP methodology the molecules are described using three different kinds of
descriptors: GRID-SHOP, SHAPE-SHOP and SHOP-Fingerprint. All these descriptors
are based on the GRID methodology and the molecular geometry.”®%

These three types of descriptors are described as follows:

1.-GRID-SHOP: These descriptors set are based on distances calculated between the
anchor point/s of a molecule and the MIFs calculated around it.

In first place, MIFs are calculated for a molecule with GRID program with different
selected probes. Then there is a filtering of the points of the MIFs to extract the most
relevant regions that define the VRS. For each one of the remaining points, its distance
from the anchor point/s defined in the molecule and its interaction energy with the
molecule are considered. This information is codified in alignment-free descriptors as
follows: For each different probe used to calculate the MIFs, diagrams energy/distance
are performed, so that for each defined small range of distances, called bin, only the
distance with the minimum energy value is considered.

As example, a GRID-SHOP diagram obtained with probe N1 is shown in figure 16

0.3 |

: | //
TS A

-6.3

Energy (kcal/mol)

0.4 44 8.4 124

Distance (A)

Figure 16. GRID-SHOP diagram obtained with probe N1.
2.-Shape-SHOP: This descriptor set describes the volume of the molecule with the MIF
obtained with probe N1. Distances between the anchor point/s and the surface of the

molecule defined with the MIF are calculated. The number of times that a distance
appears for a different range of distances is codified.

As example, a Shape-SHOP diagram is shown in figure 17.
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Figure 17. GRID-Shape diagram.

3.-Fingerprints-SHOP: The distances between the anchor point/s and the atomic
positions of the molecule are calculated. These distances are divided into hydrophobic,
hydrogen bond acceptor, hydrogen bond donor and formally positive and negative,
according to the atom kind. The distances found can be stored as Gaussian function or
on/off variable (binary-like). In figure is shown the SHOP-Fingerprint descriptor
calculated, respect to hydrogen bond donors in the molecule, with a Gaussian-like
shape. The values range from O to 1.

As example, a Fingerprints-SHOP diagram is shown in figure 18.
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Figure 18. Fingerprints-SHOP diagram.

Although in this work will not be used, SHOP methodology can also be applied for
molecules where several anchor points are defined in its structure. In this case, it is
necessary to define a new descriptor called GEOM-SHOP. This descriptor set measure
the distances and angles between the different anchor points.

Each one of these descriptors, GRID-SHOP, Shape-SHOP and Fingerprints-SHOP,
has rendered a vector where numerical values have been stored in an ordered manner,
according to the distance. Finally, these vectors are stored ordered one after the other,
being the whole descriptor that SHOP has calculated for each molecule.
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1.3.4. FLAP methodology

FLAP (Fingerprints for ligands and proteins) is a procedure that describes the
pharmacophoric properties of ligands in terms of tetrahedrons defined either between
atoms of the structure or between selected points of molecular interaction fields
calculated with the program around the molecule with fixed probes.*”*® This
lattice-independent description can be used for many drug-discovery related
applications.'’

In FLAP procedure, each molecule is described according to the whole possible
tetrahedra (groups of four atoms) that can be selected on its structure. Each
tetrahedron is codified into a bit-string of characters where the distance and spatial
position of the four atoms is represented. The tetrahedrons are characterized
considering the kind of atoms present in each vertex (for example, hydrophobic,
hydrogen bonding acceptor or donor atoms), the spatial distribution of these 4 points, in
terms of six distances between them, and the chirality of the tetrahedron in case of
asymmetry.

In a ligand-based virtual screening performed with the FLAP procedure, the number of
tetrahedron coincidences between a template and the different compounds of a
database is used as the criterion to establish a candidate ranking. The bit-strings of the
template and the compounds of the database are compared according to a set of
features.

The following parameters can be configured for the calculation:

1. Distance tolerance: This parameter defines the tolerance between pair wise atoms
(from template and dataset molecule) in A.

During the calculation, a shape filtering can be performed. The shape of each database
molecule is analyzed, so that it should not differ much from the one of the template.
This shape consideration can be made with the following two parameters.

2. Unselectivity level: This feature allows a percentage of the atoms of the test
molecule to lie out of the template molecular volume. The number is given as the
double of this percentage of atoms divided per 100. A value of 0,4 would be so a 20%
of the test molecule atoms that can lie out the template molecular volume.

3. Cavity expansion: The pseudo-cavity defined by the molecular template can be
extended in an integer number of A.

4. Minimum number of atoms on different regions: It is possible to define how many
atoms must be placed inside spheres defined around the different regions fixed
previously.

5. Region definition: In the different zones fixed previously in the template, the
presence of a certain generic atom can be forced. In the table, this selection possibility
is described as the region code (Reg), the radius of the sphere (Rad) and the minimal
number of atoms desired to be there (Min). 1 or 2 different regions have been defined
in each calculation (A and B, respectively). In each region a defined kind of generic
atom feature is required: in “22R,23R” and “2a,3a” regions, hydrogen bond donor or
acceptor, in the “lipo” region, hydrophobic, and in the “carb” region, hydrogen bond
acceptor.

-36 -



CHAPTER 1: COMPUTATIONAL CHEMISTRY

6. GRID-probes fixation: In the regions previously defined, one, two or three atoms with
assigned fixed probe/s, can be forced to be placed.

7. Atom properties association: With this configuration feature, the properties assigned
to the atoms are defined. In the generic case, the atoms are defined into hydrophobic,
donor or acceptors in terms of its atom type (p=1). In the specific case, a
correspondence table, derived from a comparison of the GRID probes, is applied to
assign each atom to a fixed probe. This table was primarily used as default (p=def),
but later the F atoms existing in some compounds of the data set, according to
information available,'® was assigned to O probe (p=F).

8. Number of rotable bonds: This feature can be defined in relation to the conformer
generation step.

9. Maximum number of conformers: The maximum number of conformers generated
for each structure can be defined. A high number can make sure an extensive analysis
of the conformational space of each structure but at the same time increases the
calculation time. In case of rigid molecules, although the number of conformers
required could be high, the method can provide a lower number of conformations.

1.3.4.1. New version of FLAP

A new version of FLAP, recently developed, uses points selected from MIFs calculated
around the molecule as a reference to align the molecules. This procedure works as
follows. A database is created to store, for each compound, the information related to
the GRID Molecular Interaction Fields (MIFs) for the conformers generated on-the-fly.
Then, among the compounds known as active, the method selects one (or even more,
up to four) to use as reference template(s). This is done automatically by an
optimisation routine: FLAP uses as input a series of active and inactive known
compounds. Then a model is created to discriminate between both series of
compounds. This model is then used to rank the compounds in the database. The
enrichment curve of the active compounds is used to quantify the quality of the model.
In case of good quality, the top ranked compounds (from the library) can be classified
as possible hits and tested.

In the FLAP database the GRID Molecular Interaction Fields (MIF) have been stored
for each conformation of each compound. They have been obtained (usually) with the
probes DRY, O, N1 and H, so they refer both to the hydrophobic character of the
molecule and to its hydrogen bonding character. The template is described with the
same MIF as well.

When comparing to the template one molecule from the database, its conformations
are all considered, one by one. Each conformation of the dataset compound could be
oriented over the template in many different ways. The orientations are selected
according to the quadruplets of pharmacophore points generated with the classic FLAP
engine. The only difference here is that these pharmacophore points can be the
molecular atoms or MIF points.

For each orientation of each conformation, a score is given: the conformer with the best
overall score is the result of the comparison. The score is a measure of the overlapping
of MIF of the two molecules or overlapping of the atomic positions.
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1.4. Data processing

1.4.1. Similarity indexes

1.4.1.1. Carbé similarity index

On 1980 Carbo¢ et al.*®® proposed a similarity index to compare the electronic densities

of two overlapped molecules, and thus to establish a similarity criterion between them
(equation 3).

J.PA'pB'dV

Que = ([,Of\'dv)uz . (jpé .dv)uz

where p; = electronic density of molecule i
v = volume

Equation 3. Carbé similarity index.

The numerator is a measure of the overlapping between the electronic densities of two
molecules (A and B) and the denominator is a normalization factor to assure that the
similarity index value is included in the range from 0 to 1. The value of 1 corresponds to
a maximum similarity between the compared molecules.

The proper expression of the Carbé index can be adapted to properties related with
molecular fields or electrostatic potentials, which is the case used in this work. In this
case the former equation is expressed as equation 4.

where N = Number of variables to compare.
P;; = Property of molecule j that is compared with data i (j = A or B).

Equation 4. Carbé similarity index applied to molecular fields or electrostatic potentials.

1.4.1.2. Hodgkin similarity index

Hodgkin et al."® proposed a similarity index based on that of Carbé. These authors
concluded that the Carb6 index for two different molecules, A and B, with the profile
P o= N-p, g rendered a value of 1. So, they noticed that the Carbo similarity index

represents the similarity between the shape of the density distributions between two
molecules, but not between its magnitude. So, a new index that would include these
two parameters was purposed (equation 5).
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3 ZIPA'pB'dV
e _J.pi-dVJrJ.pé-dv

H

where p; = electronic density of molecule i (i = A or B).

Equation 5. Hodgkin similarity index.

For properties related with molecular fields or electrostatic potentials, the Hodgkin
similarity index is expressed as equation 6.

where N = Number of variables to compare
P;; = Property of molecule j that is compared with data i (j = A or B).

Equation 6. Hogdkin Similarity index applied to molecular fields or electrostatic potentials.

1.4.1.3. Tanimoto similarity index

If the molecules are described according to the presence or absence of features, i.e.
the molecular descriptors are numerical strings which may contain several zeros, the
Tanimoto coefficient,'® defined as equation 7, may be useful.

T-_ ¢
a+b+c

where:
a = number of times a value is present in the descriptor of molecule 1 and not in molecule 2.
b = number of times a value is present in the descriptor of molecule 2 and not in molecule 1.
¢ = number of a times a value in the string is present in the descriptor in both molecules.

Equation 7. Tanimoto similarity index.

1.4.2. Multivariate analysis
1.4.2.1. Principal Component Analysis (PCA)

In QSAR studies the number of variables is usually much higher than the number of
compounds. Principal Component Analysis (PCA) is a multivariate method that extracts
the information present in a matrix of variables and simplifies it into a few new variables
called principal components (PC)."%¢1%8
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The PCA method decomposes the matrix of variables (X) into the matrixes described in
equation 8.

X=TPT+E

where X = matrix of variables (m x n), where n = n° of compounds, m = n° of variables.
T = objects or scores matrix (n x p), where p = number of PCs
P' = transposed projection or loadings matrix (m x p)
E = residual matrix (m x n)

Equation 8. Decomposition of the matrix of variables (X) by the PCA method.

The objects or scores matrix (T) describes every compound according to its projection
in the PCs. The projection or loadings matrix (P) describes each PC according to the
weight of each one of the original variables. The residual matrix (E) contains the
information that the method has not been able to explain with the number of PCs used.

Each PC corresponds to the directions of maximum variance in the multivariate space.
The PCA method represents multivariate table in a space of much less dimensions.
The PCs are orthogonal and they are ordered so that the first one bears more
information than the second one, and so on.

The results of the PCA can be plotted in the score and the loading plots.'® The score
plot represents the position of the molecules in the space of PCs, so that they could be
grouped by clusters. On the other hand, the loading plot represents the original
variables in the space of the PCs. The value of the projection of a variable shows its
contribution on the PCs.

1.4.2.2. Partial Least Square (PLS)

The Partial Least Square (PLS) method is a multivariate analysis tool like the PCA, but
in this case the matrix of variables is decomposed taking into consideration the activity
values of the compounds, so that structural information is extracted from the matrix of
variables maximizing at the same time its correlation with the activity, and minimizing
the residual of the activity as well.'%1%®

The result of a PLS is a series of new variables which are a linear combination of the
original ones. These new variables, are called latent variables (LVs), explain both the
internal structure of the data and the activity as well. The activity of a compound can be
predicted with the projection of its corresponding variables in the space defined by the
LV. In this sense, the PLS method is useful to generated QSAR models with a certain
activity predictability of new compounds. The set of compounds used to make the
model, called training set, must have homogenous known activities. To enhance the
predictability of the model, compounds have to be selected with homogenously
distributed activities all along the activity range.

Validation methods are used to measure the prediction ability of a model.'® They give
information about the optimum number of LVs for the model and about the predictability
of the model. There are two kinds of validation methods: the cross-validation or the
external ones.

The cross-validation methods perform an internal validation of the model. They use the
compounds of the training set of the model, so that some of them are excluded, the
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model is rebuilt with the left compounds and the activity of the excluded compounds is
predicted with the new model.

There are different ways to select the compounds to build this reduced model, being
the most usual the Leave One Out (LOO) and the random groups. In LOO the models
are rebuild taking away one compound of the training set every time and the process is
repeated until this operation is made for all the compounds. In random groups,
compounds are randomly assigned to different groups. The models are rebuilt taking
one group out at a time and the process is repeated until all groups have been
excluded once.

For each one of the dimensions of the model the experimental activity and the
predicted one are compared according with the following parameters:

Standard Deviation of Prediction Errors (SDEP) '*° (equation 9):

calc rea 2
SDEP=\/Z(yi “y)

N
Equation 9. Definition of the SDEP parameter

Correlation Prediction Coefficient (Q%) (equation 10): Represents the proportion of the
variance that the model is able to predict. As closer the value is to 1, the better is the
prediction ability. Q? is the basic measure with which the QSAR models obtained with
PLS are evaluated.

Q2 . Z( icalc _ yireal )2
z (yicalc _ yimean )2

Equation 10. Definition of Q* parameter

External validation methods are based on the prediction of the activity of a group of
compounds which have not been used in the training set of the model to determine the
predictive ability of the QSAR model.

1.5. Molecular alignment

The ability of a compound to interact with the corresponding binding site of a biological
receptor is explained by the interaction pattern of this compound with its environment.
In this sense, if two compounds would show a good alignment between certain
functional groups, a same interaction profile with the receptor could be expected. In this
work, molecular alignments have been performed to assess the similarity of molecules
respect to a template with program MOE.""

The flexible alignment procedure that MOE program performs is based on the
generation of random conformers of a set of molecules, using force-field MMFF94, and
the consequent overlap between them. The measure of a good similarity is mainly
based on the overlap between aromatic and hydrophobic zones, hydrogen bonding
acceptor and donors groups and the molecular shape. The overlap is quantified by a
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function that considers a good overlap between these zones and also the internal
energy of the conformers generated.

The alignment can be made fixing the conformation of the template on its active
conformation (AC) and then finding, in an iterative way, the better alignment given by a
molecule under study respect the former. In this work this method has been applied as
a visual way to check the suitability of a candidate compound from a pharmacophoric
point of view.
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2. Application of computational methods to find new BR-like compounds

2.1. Introduction

Brassinosteroids (BRs) are potent plant growth promoters whose difficult obtaining
procedures have been the main drawback for its general use in agriculture to enhance
the quantity and quality of crops.”*""? As mentioned before, one of the main objectives
of this work is to find new BR-like compounds with a more suitable structure, either
from a synthetic or a commercial way, keeping those structural requirements needed
for active BRs to elicit biological activity. In precedent works in our group,*'" the
application of GRID methodology to a set of BRs made possible to conclude that the
four hydroxyl groups, the carbonyl and the hydrophobic end of the side chain of
brassinolide (BL) (1), the most active BR, were very important for activity. Since then,
these structural features have been taken into account in the design of new structures
of BR-like compounds.*®**'%2 Nevertheless, GRID methodology does not allow the
performance of a systematic search of commercial compounds, since the alignment
step between the template and the molecule under study is a slow and subjective step.

The recent development of new methodologies which use alignment-free descriptors
based on Molecular Interaction Fields (MIFs) has encouraged us to perform a
systematic search of new BR-like compounds over commercial compounds databases
with the aim to find a new lead. The procedures that will be used in this work are
GRIND*, FLAP*'#® and SHOP.*®

To find new active structures, two different strategies are proposed. In first place,
virtual screenings will be performed over commercial screening compound databases,
using a QSAR model developed with GRIND descriptors (Part 2.2) and using as well
FLAP methodology (Part 2.3). In this case, the candidate compounds obtained with
both methods will be directly evaluated in the Rice Lamina Inclination Test (RLIT), a
bioassay available in our group to measure the activity of compounds as plant growth
promoters.>"3®

On the other hand, a scaffold hopping procedure will be performed with SHOP
methodology to try to replace the steroidal skeleton of compounds 6 and 7 (Part 2.4).
Since some synthetic steps are required to obtain possible active compounds, with the
side chain 5 linked to the corresponding skeleton, the search will be focused on
commercial building blocks databases. Once these compounds will be synthesized,
they will be evaluated in the RLIT. Also, keeping this idea of finding an analogue to the
skeletons of 6 and 7, a virtual screening will be performed over a commercial
compound database using a QSAR model using GRIND descriptors (part 2.5). In figure
19 a scheme of these strategies is shown.

It must be highlighted that, to perform a search to find new BR-like compounds with the
methods described above, only pharmacophoric parameters will be considered.
Obviously there are a lot of phenomena that define the biological activity of an active
agrochemical compound: transport inside the plant, possible metabolic transformations,
the rate of degradation, toxicity, to cite some of them. Nevertheless the information
nowadays available about these phenomena for BRs is still limited. Keeping in mind
this limitation, the whole discussion of results and conclusions will be leaded
considering only pharmacophoric features of the new analogues that will be being
proposed.
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Figure 19. Scheme of the approaches used to find new BR analogues
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2.2. 3D-QSAR model for brassinosteroids (BRs) using GRIND descriptors

A 3D-QSAR model is developed for BRs using GRID-Independent descriptors. This
model will be further used to perform a virtual screening over a commercial set of
compounds databases trying to find news hits with activity as plant growth promoter.

2.2.1. Data set

The data set that will be used in the performance of the QSAR model consists of 177
compounds, most of them synthesized in our group, whose biological activity with the
RLIT has been evaluated in our group.*®'% This biological activity is given as the
negative logarithm of the dose that produces an inclination of 45° of the rice lamina
(see Annexe part). The compound with highest activity has been brassinolide (BL) (1),
for which an activity value of 4.01 has been obtained. Compounds that have given an
inclination angle minor than 45° at a dose of 1 ug-plant’ have been considered as
inactive.

The 47 active compounds considered and their biological activity values are described
in figure 20.

BL (1); 4,01 CS (2); 3,54

11; 2,80 12; 2,57

14; 2,36

15; 2,29 16; 2,08

18; 2,05

Figure 20. Active compounds used in the building and validation of the QSAR model.
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39; 0,75 40; 0,74 41;0,73 42; 0,65

Figure 20. Active compounds used in the building and validation of the QSAR model.
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50; 0,28
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51, 0,25 52; 0,16 53;0,14

Figure 20. Active compounds used in the building and validation of the QSAR model.

Figure 21 shows the 130 inactive compounds used in the training set or in the test set
of the QSAR model. Their activity value is 0.

iy

58 59 60 61

Figure 21. Inactive compounds used in the building and validation of the QSAR model
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Figure 21. Inactive compounds used in the building and validation of the QSAR model.
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Figure 21. Inactive compounds used in the building and validation of the QSAR model.
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Figure 21. Inactive compounds used in the building and validation of the QSAR model.
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131

151 152 153 154

Figure 21. Inactive compounds used in the building and validation of the QSAR model.
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159 160 161 162

171 172 173 174

Figure 21. Inactive compounds used in the building and validation of the QSAR model.
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179 180 181 182

183

Figure 21. Inactive compounds used in the building and validation of the QSAR model.

2.2.2. Compound selection for the training set
2.2.2.1. Conformer generation

The minimum energy conformer and the most diverse conformers, considering a
maximum of 20 conformers per compound, were generated for each structure with a
rule-based method performed with the program CONCORD.""* The structures of the
dataset were coded in SMILES format,'™® as this is the input file format for this
program.

2.2.2.2. Choice of the compounds for the training set

With the aim to develop a homogenous QSAR model, we decided to build the training
set of the model with the same number of compounds in a considered activity range.
Five activity groups were considered: inactive compounds, compounds with an activity
higher than 0 and lower than 1, compounds with an activity higher than 1 and lower
than 2, compounds with an activity higher than 2 and lower than 3, and compounds
with an activity higher than 3. For each of the four first groups, 8 compounds are
selected. For the last range only the 4 compounds available are considered: BL (1), CS
(2), HBL (3) and 10. So, the training set of the model consists of 36 compounds.

In order to select the most diverse compounds, for each range the 8 compounds are
chosen by the Most Descriptive Compounds (MDC) criterion in the five-dimensional
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space defined by the PCA scores of the GRIND descriptors calculated on the minimum
energy conformation for each compound. For each different compound, the GRIND
descriptors for all its conformers were calculated using probes DRY, O, N1 and TIP.
The grid space was set to 0.5 A and the smoothing window to 0.8 grid units. The
number of filtered points was set to 150, with a weighting between distance and energy
of 50%. The rest of options were left by default. To ensure the chemical diversity of the
chosen compounds, the same process of subset selection was repeated using
VOLSURF descriptors, calculated with default options."® Volsurf descriptors calculate
MIF-based pharmacokinetic properties of compounds.'”'"® In all cases, the same
dispersion of the previously highlighted compounds was observed in the space of the
PCA scores (data not shown).

The whole of the non-selected active compounds will integrate the test set of the
model.

2.2.2.3. Conformer selection of the compounds of the training set

Once the compounds of the training set have been selected, the most suitable
conformer for each structure is chosen. This choice is done in terms of similarity
indexes to the different active conformations (ACs) of BL (1), calculated through
GRIND descriptors. In first place, the GRIND descriptors with the same calculation
configuration as done before for the data set of molecules were calculated for the 3
active conformations of 1: BL_sqr, BL_pls and BL_mvp. Then similarity indexes of
Carb6'® and Hodgkin'® were calculated for each conformer of the selected
compounds of the training set respect to each particular active conformation of 1. The
conformer with the highest similarity value in both indexes with a defined AC of BL was
chosen to integrate the training set. So, three different sets of conformers, and so,
three different QSAR models, can be derived depending on the AC of 1 taken as
reference. Additionally, a fourth training set, which renders a fourth QSAR model, can
be proposed considering the conformation for each compound that appears to be most
often top ranked to any AC of BL (1). Some compounds can have different selected
conformations. In this case, all the selected conformers were chosen and one of them
was selected in a later step.

After this calculation, four different training sets have been proposed to perform the
QSAR models: “PLS model” for BL_PLS AC of 1, “SQR model” for BL_SQR AC of 1,
‘MVP model” for the BL_mvp of 1 and the “global model” considering the three ACs of
1 together.

2.2.3. Quantitative models

In first place, GRIND descriptors are calculated for conformers of the compounds of the
training set. The selected probes are DRY, O, N1 and TIP. The grid space was set to
0.5 A and the smoothing window to 0.8 grid units. The number of filtered points was
initially set to 150, with an initial weighting between distance and energy of 50%. The
rest of options were left by default.

Once GRIND descriptors were calculated, a PLS calculation was performed, which
rendered a preliminary QSAR-model. Here, the last step of the conformer selection
step was performed. As detailed before, for some compounds of the training set
several conformers had been chosen. In these cases, a single conformer was selected
through the plot of predicted vs. experimental activity. The conformer that rendered the
best prediction of the experimental activity of the compound was selected. It must be
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remarked that this selection criterion could cause overfitting, that is, the prediction
parameters of the model could be overestimated.

A PLS calculation was performed again and the prediction ability of the model was
refined by a variable selection procedure, performed using a fractioned factorial design
that worked with a maximum of two PCs and used the fold-over-design and keep-
uncertain-variables options. However, the Q? values obtained for the internal prediction
and the SDEP value for the external prediction for these models were not high (table
2).

In some 3D-QSAR models using GRIND descriptors developed before,™' it was
pointed out that some information from the lipophylic parts of the compounds of the
training set could not be sufficiently highlighted if a correct filtering of the points was not
done. The authors improved the predictive quality of the models filtering 500 points with
an energy-distance balance of 25%. In this work, this filtering configuration was
applied. Unfortunately, the previous predictive results were not considerably improved.
The results are summarized in table 2. The number of latent variables (LVs) at which
the statistical parameters have been calculated are described too.

AC of BL (1)
taken as reference
- 5 — .
Flltgred Balanc'e %o Statistical pLs | sar | mve | Global
points | Energy - distance parameters
150 50 Q? (random groups) 023105171 0,42 044

3LV | 3LV | 2LV ] 3LV
SDEP 1,14 | 1,37 | 1,38 1,38

150 50 (external prediction) | 1Lv | 31Lv | 3Lv | 3Lv

) 040 | 042 | 037 | 0.61
500 25 Q° (random groups) sv | 3Lv 3y | 3Ly
500 0 SDEP 112 | 114 [ 118 | 1,06

(external prediction) | 3LV | 3LV | 3LV | 3LV

Table 2. Predictability of the first QSAR models obtained.

As seen, the change made in the weighting function has not yielded better prediction
results, nor internal, nor external.

At this point, one interesting consideration could be done by checking if the four models
obtained, using the 3 different defined ACs of BL (1), gave similar influence to the
different variables. To perform this, the coefficients of the model obtained using 150
points and a energy-distance balance of 50% were plotted between the BL-PLS model
and the three other models. The results are shown in figure 22.
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Figure 22. Plot of the coefficients of the “PLS model” with the coefficients of “SQR model”,
“‘MVP model” and the “global model”. Regression plots and its correlation factor are shown.

As seen, the four models obtained with the three ACs of BL (1) seem to be equivalent,
since the regression line obtained has yielded a slope close to 1. So, next studies to
obtain a good model will be made considering arbitrarily as a reference the AC of 1
defined as PLS-BL.

Coming back to the models, a detailed revision of the MIFs computed to perform
models shown in table 2 highlighted that the azido groups, present in some
compounds, were not correctly modelled as expected. The probe N1 (donating
hydrogen bond interactions) does not keep filtered nodes around the terminal nitrogen
atom of this group. This behaviour is not what should be expected, since the terminal
nitrogen atom of the azido group has always electron pairs available to potentially
accept hydrogen bonds.'? Moreover, the probe TIP detects the high convex extreme of
the azido group, defining distances that have a big weight on the model, since the
training set has some very active compounds having azido groups (figure 20). In figure
23 the MIF obtained with N1 probe for compound 14, showing the lacking of interaction
energy on the terminal nitrogen atom, can be seen. On the contrary, this atom is
recognized by Shape probe. This filtering pattern was observed both with the model
obtained filtering 150 points with a distance-energy weight of 50% and with the model
obtained filtering 500 points with a distance-energy weight of 25%.

Figure 23. Contour of the filtered points from MIFs obtained for 14 with N1 probe, on the left,
and with Shape probe, on the right. As shown, there are no points coming from N1 MIF around
the terminal nitrogen atom of azido group (green circle). On the other hand, points coming from

Shape MIF are left in this area.

Due to this drawback, the compounds having azido groups on their structure were
excluded from both the training and the test set of the PLS model, being a limitation on
the applicability of the model. Training set was built again, following the menctioned
strategy, for the PLS model using the same criterion described in part 2.2.2.2.
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Another problem that was observed in the calculation of the MIFs was that the fluorine
atoms were not considered as hydrogen bond acceptors. The filtering process applied
for the MIF obtained with the N1 probe did not left any point near this region. The
problem to this behaviour is given by the fact that the activity of some compounds
bearing fluorine atoms on its structure, for example 10, can only be explained, in terms
of MIFs, considering this atom as a potential hydrogen bond acceptor. The solution
came with the calculation of MIFs with GRID program, setting of the DWAT option to
20. DWAT is an option of MIF calculation that takes account of the dielectric constant
of the media where MIFs are calculated for a molecule. The default value for DWAT is
80, representing the behaviour of a compound in water media. The idea beyond this
was that a decrease on the dielectric constant could cause that some points of the
original MIF obtained with N1 probe could be left around the fluorine atom. Additionally
N1 probe was substituted with N1+ probe. This idea succeeded, as figure 24 shows.

Figure 24. Contour of the filtered points from MIFs obtained for 10 with N1 probe and a DWAT
value of 80, on the left, and filtered points from MIFs obtained for 10 with N1+ probe and a
DWAT value of 20, on the right. As seen, only in the second case energy points are left around
fluorine atom, shown in purple.

New models were built, leaving out compounds with an azido group on their structure,
setting the DWAT value to 20 and using N1+ instead of N1 probe. Its prediction ability
is shown in table 3.

Filtered Balance% Q? SDEP
points | energy - distance | (random groups) | (external prediction)

0,60 1,28

150 50 oLV 2LV

0,65 1,45

500 25 oLV 2LV

Table 3. Predictability of the QSAR models obtained using as AC of reference PLS-BL, leaving
out compounds with an azido group, setting the DWAT option as 20 and using DRY, O, N1+
and Shape probes.

As seen, the internal prediction values exceeded those obtained in the conditions of
table 2. Nevertheless, the external prediction value was still low. On the other hand, the
calculation of the MIF with program GRID, setting the DWAT option to 20, were time
consuming, since the whole MIF points of the calculation (kout file) had to be stored to
import later to ALMOND program to calculate GRIND descriptors. This slowness of the
calculation made impossible to apply these conditions to the calculation of descriptors
for large collection of compounds to perform virtual screenings. So, we decided to take
out the compounds with fluorine atoms on their structure to try to find models with good
external prediction ability in terms of accuracy and timing. In this sense, the training set
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had to be built again using again the criterion defined in part 2.2.2.2 and N1 probe was
used again instead of N1+. It must be remarked that taking away compounds with
fluorine and azido groups from the training set decreases the chemical diversity of the
model.

Four models were obtained using different point filtering options. All of them used as
AC of reference BL-PLS. Table 4 shows the obtained results.

Filtered Balance% Q? SDEP
points | energy - distance | (random groups) | (external prediction)
w [ 0% o
w [ e 08 m
w | o o
o | s 0 o

Table 4. Predictability of the QSAR models obtained using as AC of reference PLS-BL, leaving
out compounds with either an azido group either fluorine atoms.

As seen, the model that has yielded the best prediction ability is the one obtained
filtering 500 points with an energy-distance weight of 50%. Its external prediction value
is considered good enough to use this model to perform the virtual screening.
Moreover, the interpretation of the model has given information about the most
important distances between points of the VRS to explain the activity of BRs. The
coefficients with a highest weight are highlighted with red dots in figure 25.

Coeficients model - 3 LV

0,50 -

0,30 -

A |
N |

-0,30 1

Coeficients model

DRY-DRY 0-0 N1-N1 TIP-TIP DRY-O DRY-N1 DRY-TIP O-N1 O-TIP N1-TIP

-0,50

Probes and bins

Figure 25. Highest weight coefficients in the QSAR model developed.
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The distances corresponding to the highest coefficients, applied to BL (1), and its range
values are shown in figure 26.

DRY - DRY 0-0
8.8-9.2A 8.8-9.2A,18.8-19.2A

=

£

L
J‘Q"

TIP-TIP DRY-O
18.4-18.8 A 2.8-3.2,10.4-10.8 A,12.8-13.2A

DRY-TIP
13.6-14.0A

Figure 26. Distances corresponding to the coefficients with highest weight on the model. The
distance range that they represent is shown.
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The distances corresponding to highest coefficients highlight some structural
requirements that had been described as important for activity in previous works in our
group. The distances between the diol groups shown by distances between O probes
define the presence of these groups as important, as had been stated for studies using
GRID descriptors. Moreover, GRID descriptors add some information related with the
geometry of the central hydrophobic part, as its optimum width, the distance it should
have respect to the diols and the distance between the most convex extremes of the
molecule. In addition, the TIP-TIP distances add information about the shape that the
molecule should have. It must be remarked that the carbonyl and the hydrophobic
extreme of the side chain have not possibly been considered in the highest weight
coefficient because these functionalities are present in both active and inactive
compounds and thus the model has not found these groups as descriminant for
activity. To sum up, GRIND descriptors have reinforced and quantified the information
described with previous studies and has added additional information.

2.2.4. Virtual Screening

The three steps described in figure 27 will be applied to perform the virtual screening
over the molecular screening compound database.

0000 | ) | 159 ) 50 ) 26

Similarity Activity Flexible
indexes prediction alignment

Figure 27. Steps used to perform the virtual screening. The number of candidate compounds
present on each steps is shown inside grey squares.

2.2.4.1. Compound database pre-treatment

A virtual screening was performed in a compound database with the obtained models
in order to find new hits. The database chosen was SPECS screening collection,'®
which consists of 40000 commercially available compounds.

The first step was the generation of the 10 most diverse conformers for each
compound in the database with the program XCOMFORT. GRIND descriptors were
computed for the list of 400000 conformers. The conditions of the computation were as
follow: Probes used were DRY, O, N1 and TIP. 200 points were filtered from the
computed MIFs. The weight between distance and energy in the filtration step was set
to 50%. The correlogram size was fixed in 100 bins. ALMD directive was active. The
rest of options were set as default.

2.2.4.2. First step: similarity index calculation

The next step was the computation of GRIND descriptors with the same configuration
for 3 reference compounds. The chosen ones were BL (1), CS (2) and HBL (3). The
Carb6'"® and Tanimoto'*®'* similarity indexes were calculated for all the conformers of
the database respect to the three reference molecules. This provides 6 similarity index
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values for each of the 400000 structures and thus 6 lists of ranked molecules. Only the
1000 molecules with the biggest similarity index value for each list were further
considered. The sum of the positions of each one of the molecules in these filtered lists
rendered a value that was used to elaborate a new list, so that the structure with the
least value is the best one. The conformers that didn’'t appear in all the 6 lists were
discarded. This operation rendered 713 conformers, corresponding to 159 compounds
(figure 27).

The predictive quality of this methodology based on similarity indexes has to be
checked. To do this, the set of the active BRs present in the test set and in the data set
of the model will be used to perform an enrichment curve. Similarity indexes will be
calculated for this set of compounds and will be included in the ranked files yet
calculated. Nearly 400000 structures will be analyzed and ranked. A plot of the % of
recuperation of the active BRs respect to their position in the total ranking of predicted
activities is done. What we want to see is if this criterion is good enough to positively
discriminate the active BRs set. Since 6 similarity index lists are obtained, 6 enrichment
curves can be generated. In figure 28 the enrichment curves obtained applying a
similarity index criterion using the Carbé and Tanimoto similarity indexes and BL (1),
CS (2) and HBL (3) as template are shown. BRs with high activity are coloured in blue,
BRs with medium activity in green and the less active in red.
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Figure 28. Enrichment curves obtained for active BRs respect to similarity indexes measured
respect to BL (1), CS (2) and HBL (3) using both Tanimoto and Carb¢ similarity indexes.
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As seen, the similarity index criterion is good enough to perform the ranking of the
compounds according to its BR activity. So, the structures selected in the first step are
established as possible candidates to elicit BR activity. However, due to limitations in
the measure of the activity with RLIT, no more than 30 compounds can be selected.
So, additional filtering steps are necessary to select this reduced number of
candidates.

2.2.4.3. Second step: Activity prediction with a QSAR model

In the next step of the virtual screening process the QSAR model already developed
using GRIND descriptors will be applied to predict the biological activity of the selected
compounds in the last step of the virtual screening process. However, the configuration
for the calculation of the descriptors has been different for the QSAR model than for the
compounds of the commercial database that are being screened. A validaton step is
needed. The predicted activity for the 713 structures for both conditions is compared in
a plot. The R? values for the straight line adjusted to the data of the plot considering a
different number of LV are shown in table 5. The plot where the adjustment for the data
obtained with the model considering 3 LV can be seen in figure 29.

Number of LV considered | R? value obtained
1 0,9861
2 0,9801
3 0,9780
4 0,9649
5 0,9291

Table 5. R? values obtained for the comparison of the predicted activities of the 713 candidate
compounds with the two described conditions of the QSAR model respect to the number of LVs.

Predicted activities for the selected compounds
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Figure 29. Plot of the predicted activities for the 713 candidate compounds with the two
described conditions of the QSAR model using 3 LV.

This result shows that the QSAR model developed shows good predictive ability under
the conditions of descriptor calculation for the compounds of the database.

The activity is predicted for the 713 structures using the QSAR model calculated in the
first step with the former conditions. This enables to perform a new ranked list of
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compounds, now with a different criterion. The relative position of each structure in
both lists (similarity index and activity predition) is summed, given a definitive ranking
that considers both the predicted activity and the similarity index given respect to high-
activity BRs. If a compound could have more than one conformer, the best ranked
conformer was chosen.

2.2.4.4. Third step: Flexible alignment with BL (1)

A flexible alignment of the first 50 compounds was performed with the latest defined
active conformation of BL (1), BL-mvp, with the program MOE in a process with 200
iterations. The alignment with a lowest S score value were examined in order to discard
those compounds whose alignment with BL (1) was not considered acceptable in terms
of overlapping and polar functions. With this last criterion molecules containing a polar
moiety in the centre of the molecule, such as a sulphamides, were discarded because
this was not compatible with the lipophylic core of the steroid skeleton of BL (1).

Following this procedure, 26 compounds were selected to evaluate its activity with the
RLIT. As expected, their structures are very different from that of BRs. The structures
and its alignment with the AC of BL (1) called BL-mvp are shown in figure 30.

Compound Alignment with BL (1)
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Figure 30. 26 candidates and their alignment with the AC BL-mvp.
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Figure 30. 26 candidates and their alignment with the AC BL-mvp.
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Figure 30. 26 candidates and their alignment with the AC BL-mvp.
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2.2.4.5. Activity evaluation

The biological activity as vegetal growth promoters of the 26 candidates was measured
with the Rice Lamina Inclination Test (RLIT) (see Annexe part). In this bioassay, a
solution of the compound is applied to rice plants. The activity of a compound is
proportional to the bending angle shown by the rice lamina to the stem. To obtain
preliminary data, each compound was applied to a dose of 1 ug/plant. Active BRs
typically show an inclination angle higher than 70° In table 6 the bending angle
obtained for the 26 candidates at a dose of 1 pg/plant is shown.

Compound | Solvent| Bending angle at a dose of 1 ug/plant
184 EtOH 0°+2°
185 EtOH 19° £ 2°
186 THF 17° £ 3°
187 EtOH 100+ 3°
188 EtOH 40 + 2°
189 THF 4° £ 3°
190 EtOH -3°+2°
191 DMSO* -17°+ 3°
192 EtOH 0°+3°
193 EtOH -2°+ 3°
194 DMSO* -39° £ 2°
195 DMSO* 5o+ 3°
196 EtOH -3°+1°
197 DMSO* 0°+9°
198 EtOH -4° £ 1°
199 THF 0°+7°
200 THF 30+ 4°
201 THF -1+1°
202 DMSO* -38° + 2°
203 EtOH -5°+ Q°
204 THF 1°+3°
205 EtOH 6° + 6°
206 EtOH 10+ 2°
207 DMSO* 36°+ 11°
208 EtOH 0° t4°
209 DMSO* 42° + 10°

*See pag. 185

Table 6. Bending angle at a dose of 1 ug/plant for the 26 candidates of the virtual screening
made with the QSAR model obtained with GRIND descriptors.
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As seen, any compound is not showing a bending angle like that of active BRs.
Nevertheless, two compounds, 207 and 209, have shown a bending angle, of 36° and
42°, respectively, higher than the others. Thought these angles are minor than the ones
expected for active BRs, it is noteworthy that the rice plant has not remained
unaffected and has shown a certain level of response. It is important to realize that the
structures of compounds 207 and 209 are completely different to that of a steroid. In

both cases, more response measures at different doses have been performed to
evaluate the activity profile of these compounds.

The response obtained for compounds 207 and 209 at the new doses is shown in
figure 31.

Compound 207 (DMSO) Dose-response graphic of compound 207
Dose (ug/plant) | Response 60
5 15° + 11° 50 1
2 13° £ 4° 40
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1 36°+ 11° 230 T
0.5 50+ 20 £20 ;
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Compound 209 (DMSO) Dose-response graphic of compound 209
Dose (pg/plant) | Response 60
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0.5 14° + 16° $20 1 +
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Figure 31. Responses of compounds 207 and 209 at the new doses evaluated.

At lower doses, of 0.5 and 0.1 ug/plant, the behaviour of both compounds is slightly
different. While compound 207 is inactive at both doses, compound 209 still keeps
some activity at 0.5 pg/plant, and thus is more potent than 207.
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At higher doses, of 2 and 5 ug/plant, both compounds show a lower response than the
one shown at 1 ug/plant, being again the response of compound 209 higher than the
one of compound 207. This descent in activity can be explained by the incapability of
the rice plant to effectively absorb doses higher than 1 ug/plant.® In these cases there
is the possibility that the compounds become toxic to the plant. Indeed, a dark spot is
observed in the rice stem after the injection. Anyway, at these doses both compounds
still exhibit some activity, highlighting their non-inactive behaviour.

Moreover, as shown in the annexe part (for example pag. 210), some individual
responses of rice plant have achieved bending angles higher than 70°, and so are
equivalent to those of active BRs. This result, reinforced with the level of activity shown
at doses of 2 and 5 ug/plant, strongly suggests that compounds 207 and 209 should be
considered as weak-active candidates useful to the future design of non-steroidal
analogues of BRs. Moreover, compounds 207 and 209 elicit BR activity on their own,
without needing any co-applied plant growth regulator, as happened in some cases
reported before.** So, these compounds, although weakly active, can be considered
new hits. Therefore one of the main objectives of this project has been achieved: to
obtain new compounds eliciting BR activity with a structure totally different to that of
active BRs. Further research must be done in order to obtain analogues related with
their structure to improve their response profile.
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2.3. Use of FLAP methodology to find new BR analogues

As described before, FLAP methodology was used to perform a virtual screening over
a database of commercial compounds to find candidates to elicit BR activity.

The FLAP procedure (Fingerprints for Ligands And Proteins) describes the
pharmacophoric properties of ligands in terms of tetrahedrons defined either between
atoms of the structure or between selected points of Molecular Interaction Fields
calculated with the program GRID around the molecule with fixed probes.*”*3

The application of this lattice-independent methodology in the ligand-based virtual
screening has required four steps (figure 32).

1) The atoms of the template that will take part in the generation of the tetrahedrons
are selected and characterized. Two atomic characterizations are possible: the generic
one defines the atoms according to its hydrophobic, hydrogen bond donor and
hydrogen bond acceptor behaviour; the specific one relates each atom with the most
similar atom type from the GRID force field. Moreover, some regions of interest have
been defined to aid the further calculations.

2) The configuration of the calculation of the virtual screening is established for both
criteria through enrichment curves using a set of molecules whose biological activity is
known. As mentioned before, the number of tetrahedron coincidences between a
template and the different compounds of a database is used to establish the ranking of
candidates used in both this step and the next one as well.

3) The virtual screening is performed for both conditions over a commercial screening
compounds database, using the calculation configuration found in previous step. Two
list of candidates are obtained and combined.

4) A refining of the candidates obtained in the previous step is performed through
molecular alignments with the template using a more advanced version of FLAP (figure
32).

Template Calculation Virtual Candidate
definition :> configuration |:> Screening |:> refining

Figure 32. Application of the FLAP methodology applied in this work

2.3.1. Definition of the template BL (1)

The template used to perform the virtual screening was BL (1), on its active
conformation (BL_mvp).

The atoms that form the tetrahedrons are defined with two criteria, the so-called
generic and specific.

In the generic criterion, atoms are classified into hydrogen bond acceptors, hydrogen
bond donors and hydrophobics. With the generic criterion the atoms of the template BL
(1) are defined as follows: all the C atoms are considered as DRY, the 4 hydroxyl
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groups are considered as DONOR and all the 6 oxygen atoms of the molecule as
ACCEPTOR.

In the specific criterion, atoms are classified according to GRID force field atom types
(DRY, O, O1, OES,...). With this criterion the atoms of the template are defined as
follows: all the C atoms are considered as DRY, the oxygen atoms of the 4 hydroxyl
groups are considered as O1, the carbonyl oxygen is considered as O and the 6-oxa
oxygen as OES.

Moreover, some atoms of the template that may provide redundant information can be
removed in order to obtain a faster calculation. Keeping this idea in mind, the following
C atoms of the template were removed: 6, 9, 10, 13, 17, 22 and 25. They are showed
in red dots in figure 33.

Figure 33. Atoms that have been omitted in the template BL (1)

With FLAP it is possible to encode the knowledge concerning structural features
important for the biological activity: four regions generally considered decisive for the
biological activity of BL (1) are defined as spheres. These 4 zones, shown in figure 34,
are: 1.the C2-C3 diol (2a,3a), 2.the carbonyl of the B ring (Carb), 3.the C22-C23 diol
(22R,23R) and 4.the lipophylic extreme of the side chain (lipo). For the first and the
third zones, the centre of the spheres is set as the middle of the straight line that joins
both oxygen atoms on each glycol. The carbonyl oxygen atom is defined as the centre
of the sphere of the second region and the middle of the bond between C24 and C25 is
defined as the centre of the last defined region. The use of these regions force the
method to produce the fingerprint related to the molecular template only with
tetrahedrons in which at least one atom lie in each of such spheres. One can
simultaneously obtain a more focused molecular description and speed up the
calculations.

carb\ @

Figure 34. Regions that have been defined in the template BL (1).
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2.3.2. Setting of the calculation configuration for the virtual screening

The next step consists on finding the best calculation configuration to perform the
virtual screening. This is done with a set of BRs whose biological activity is known. The
suitability of a calculation configuration was analyzed through enrichment curves, in
which is reported the positions of the 12 most active BRs, respect to the whole 160, in
the ranked list obtained at the end of the calculation.

The dataset of molecules that was used consists on 160 structures (figure 14) whose
activity in the RLIT (see annexe) has been evaluated in the Steroids Laboratory of IQS,
so that 113 are inactive, 35 have an activity minor than 2 and 12 have an activity equal
or major than 2. The whole 160 compounds have the minimum energy conformation,
given by the Concord methodology.®*''* The active conformation (AC) of BL (1),
BL-mvp, is included in the last group too.

2.3.2.1. Generic criterion calculation

The calculations performed using the generic criterion to characterize the atoms are
summarized in table 7. The different configuration parameters have been described in
part 1.3.4. No automatic method was used to optimize the search conditions. The
calculation was started from a default configuration which was changed according to
the results that were being obtained in the enrichment curves. This procedure is useful
to obtain good results but does not ensure to obtain the optimal global conditions for
the computation.

The results are analyzed considering, for each compound of the database, only the
conformer with most coincidences respect to the template BL (1). In figure 35 the
enrichment curves obtained for the calculations made under the generic criterion are
shown. The red line shows the ideal curve, the green line the curve obtained in the
calculation, for the 12 most active BRs, respect to the whole 160, and the blue line a
random distribution of the compounds. The configuration of the run number 10 is
chosen for further use because has rendered the best enrichment curve. The slope at
the beginning of the curve is close to the ideal one and the whole of the active
compounds are included in the top 20% of the compounds. It must be remarked that
obtaining this good curve for BRs with pharmacophore-based descriptors is
noteworthy, since the relative positions of the parts of the molecules does not differ
much from active BRs to others, since they are structurally similar.

As may be seen, the default configuration for b, ¢ and d options has been valid. Also,
fixing the number of conformers generated for each structure to 100 has rendered a
good balance between accuracy and calculation speed. The best result has been
obtained fixing the four regions defined in the template and forcing additionally the
presence of 2 hydrogen bond donors/acceptors in an sphere of 3 A around the
“22R,23R” region and 1 hydrogen bond acceptor atom in an sphere of 1 A set around
the “carb” region. In addition, fixing the four regions has not only let to a more accurate,
but also a much faster calculation.

In the enrichment curves shown, both x and y axes report % of compounds, x for the
entire dataset and y for the set of known active compounds, found during the screening
process; the ideal and random curves are reported for comparison. A ripid curve
means the method is able to enrich the first section of the dataset with active
compounds; therefore, picking some among the top-ranked compounds, one should
have a higher probability to find new active compounds.
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In runs number 11 and 12 the calculation made has not been able to find any
coincidences between compounds and the template because the calculation
configuration were too strict because the tolerance value was lowered.

Run| b | ¢ [ d m| RegA |[RadA|MinA|RegB|RadB (MinB |p |r | s
1 110214 ]| 20,3a 2 2 1171250
2 110214 | 20,30 2 2 1171100
3 1 102(1] 3| 2a,3a 2 1 1171100
4 1 102(1] 4| 20,3a 2 1 1171100
5 1 102(1] 4 carb 2 1 1171100
6 110214 | 20,30 2 1 carb 2 1 117100
7 110214 |22R,23R| 2 1 carb 2 1 117 (100
8 11021 4 lipo 2 1 carb 2 1 117 (100
9 11021 22R,23R 3 2 carb 1 1 117 20
10 1102|1]| 4 |22R,23R 3 2 carb 1 1 117 (100
11 (0,501 |1 | 4 |22R,23R 3 2 carb 1 1 117 (100
12 {05(0,2| 1| 4 |22R,23R| 3 2 carb 1 1 1171100
13 1 101(1] 4 [22R,23R| 3 2 carb 1 1 1171100
14 1 101(1] 4 [22R,23R| 3 2 carb 2 1 1171100

Table 7. Configuration of the calculations performed using the generic criterion where
b=distance tolerance, c=unselectivity level, d=cavity expansion, Reg i=Spherical region of
radius Rad i, where min i atoms must be present, p=atom properties association, r=number of

rotable bonds and s=maximum number of conformers.

Figure 35. Enrichment curves obtained for the generic criterion calculations.
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Figure 35. Enrichment curves obtained for the generic criterion calculations.

2.3.2.2. Specific criterion calculation

The calculations performed using the specific criteria to characterize the atoms are
summarized in table 8. As done before in the generic criterion calculations, the
calculation was started from a default configuration which was changed according to
the results that were being obtained in the enrichment curve.

Similar to the generic criteria calculations, only the conformer with best results for each
compound is considered. In figure 36 the enrichment curves obtained for the
calculations made under the generic criterion are shown. The red line shows the ideal
curve, the green line the curve obtained in the calculation and the blue line a random
distribution of the compounds. The conditions of the run number 22 are chosen for
further use due to its enrichment curve. The slope at the beginning of the curve is close
to the ideal one and the whole of the active compounds are included in the top 20% of

the compounds.

As may be seen, the default configuration for b, ¢ and d options has been valid. In
addition, like in the former case, fixing the number of conformers generated for each
structure to 100 has rendered a good balance between accuracy and calculation
speed. The best result, run number 22, has been obtained fixing the four regions
defined in the template and forcing additionally the presence of 1 atom associated to
O1 probe in one of them and 1 hydrogen bond donors in an sphere of 2 A around the
“22R,23R” region. A great improvement in both speed calculation and calculation
accuracy has also been observed by fixing four regions.
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Run|b| c |[d| g1 | g2 | g3 m| RegA [RadA MinA|p |r| s
15 |1 (0,2 |1 4 def| 7 | 250
16 [ 1]0,2 |1 4 F | 71100
17 (1102 |1 |DRY 4 F | 71100
18 [1]02|1] O1 4 F | 71100
19 (1]02|1] O 4 F | 71100
20 |1]02|1| O 4 F | 71100
21 |1]102|1|DRY|O1 4 F | 71100
22 {1102 1] O1 4 |22R,23R 2 1 F|7]|100
23 |1102|1]| O1 4 lipo 2 1 F|7] 20
24 11102 |1|DRY 4| carb 2 1 F | 7100
25 {1102 |1|DRY | O1 4| carb 2 1 F|7]|100
26 [1/02|1] O1 | Of 4| carb 2 1 F

27 11102 |1|DRY 4 |22R,23R 2 1 F

28 |1]02|1| O1 |O1 4 |22R,23R 2 1 F

29 |1]02|1| 01 | O 4 F

30 |1/02]|1| 01 | O 4 |22R,23R 2 1 F | 71100
31 |1/02|1| O1 |O1] O |4 F | 71100
32 |1(01]1| O1 4 |22R,23R 2 1 F | 71100

Table 8. Configuration of the calculations performed under the specific criterion, where
b=distance tolerance, c=unselectivity level, d=cavity expansion, gi=GRID fixation probes,
m=minimum number of atoms on different regions, Reg A=Spherical region of radius Rad A,
where min A atoms must be present, p=atom properties association, r=number of rotable
bonds and s=maximum number of conformers.

Run 15

Figure 36. Enrichment curves obtained for the specific criterion calculations
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Run 30

Figure 36. Enrichment curves obtained for the specific criterion calculations
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2.3.3. Comparison of the two methods

Next, the number of tetrahedron coincidences for the database compounds for both
conditions, generic and specific. In order to discriminate between active and inactive
compounds, we compared the number of tetrahedron coincidences obtained with the
two runs. Figure 37 shows this comparison.

FLAP - Correlation between number of coincidences

15 4 @ active u

14 1 W medium

13 1 <inactive

Specific - 018

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Generic - 010

Figure 37. Comparison of the number of coincidences obtained for the compounds
of the BRs database for the specific and the generic criterion.

As it may be seen, for both criteria there is not a number of coincidences than cleanly
separates active than inactive compounds. Anyway, it can be seen how the whole
active compounds, for both the generic and the specific criteria, have shown at least
one tetrahedron coincidence with the template. This result suggests that discarding
those compounds with no coincidence in the virtual screening would be an effective
filter to exclude most of the inactive compounds from the database.

2.3.4. Ligand-based virtual screening using 1% generation FLAP

Once the configuration of the calculation with the generic and the specific criteria have
been selected, a ligand-based virtual screening procedure is performed over the
SPECS compounds of ZINC database (about 400000 compounds) with the previously
chosen AC of BL (1), BL-mvp, taken as a template. Two calculations are made, one
with the run 10 calculation configuration for the generic criterion, and other with the
calculation configuration of run 22, for the specific one. ZINC database consists on a
compendium of commercial database compounds taken in their whole possible
different ionization states and, if undefined, enantiomers or diastereoisomers.'

When the calculation is complete, two lists are generated, one for the generic criterion
and other for the specific one. From each list only those compounds for which at least
one coincidence with the template BL (1) has been found are selected. So, for the
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generic criterion, 234 compounds have been selected and 167 for the specific one.
Overall, 385 different structures are included, 16 compounds found in both lists.

These 385 structures can be ranked according to the number of coincidences in both
lists. This criterion could be good enough to select the best candidates and test their
biological activity in the RLIT. Anyway, it is possible to make alignments between these
candidates and the template, BL (1), with the new version of FLAP described in part
1.3.4. This was used to refine the candidate compounds obtained.

2.3.5. Refining of the candidates using a more recent FLAP procedure

As described in point 1.3.4 two criteria can be used to align the compounds: the atomic
positions that define the quadruplets or the MIF points calculated around the molecule.
Both conditions are used with a database that includes the 385 structures selected in
the previous step and the 160 BRs yet used. The active conformation of BL (1)
(bl_mvp) is used as the template. The calculation of scores is performed to rank the
compounds. The comparison of the scores of the compounds obtained with the two
conditions, the atom-based and the MIF-based, can be seen in figure 37.
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Score based on molecular atoms

Score based on MIF points

Figure 37. Influence of taking MIF points or molecular atoms
as a reference to generate the pharmocophore of the compounds

The scores obtained for the two calculation can be considered almost equivalent for
compounds with scores lower than 0.4, whereas for compounds more similar to the
reference (score >0.4) the values obtained combining molecular atoms are higher than
the corresponding scores obtained with MIF points.

So, the conditions chosen to perform the virtual screening will be using the score based
on molecular atoms. The calculation was performed again but the best overlapping for
each structure was saved to allow a visual inspection of the result. The molecules
which have given the best alignments with BL-mvp are chosen. 23 candidates, shown
in figure 38 together with their overlapping, are selected to evaluate their biological
activity with the RLIT (see annexe).
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Figure 38. 23 candidates and their alignment with the AC BL-mvp.
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Figure 38. 23 candidates and their alignment with the AC BL-mvp.
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Figure 38. 23 candidates and their alignment with the AC BL-mvp.

-82-



CHAPTER 1: COMPUTATIONAL CHEMISTRY

Compound

Alignment with BL (1)

232

Figure 38. 23 candidates and their alignment with the AC BL-mvp.
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2.3.6. Activity evaluation with the Rice Lamina Inclination Test (RLIT)

The biological activity of the 23 candidates as plant growth promoters is measured with
the Rice Lamina Inclination Test (RLIT). In this bioassay, the activity of a compound is
proportional to the bending angle shown by the rice lamina to the stem, so that active
BRs typically show an inclination angle higher than 70° at a dose of 1 pg/plant. To
obtain preliminary data, each compound has been applied to this dose. In table 9 the
bending angle obtained for the 23 candidates at a dose of 1 ug/plant is shown.

Compound Solvent| Bending angle at a dose of 1 ug/pl
210 EtOH 47° £ 7°
211 EtOH 43°+13°
212 EtOH 14° + 3°
213 THF 10° £ 3°
214 EtOH 8°+2°
215 EtOH 41° £ 16°
216 EtOH 16° £ 4°
217 THF 110+ 4°
218 THF 4° £ 2°
219 THF 40+ 1°
220 THF 8°+2°
221 EtOH 8°+1°
222 DMSO* 30+2°
223 THF 3+1°
224 EtOH 300+ 2°
225 EtOH 14° £ 13°
226 THF 7°+2°
227 THF 5°+1°
228 DMSO* 30+2°
229 EtOH 50+ 1°
230 EtOH 50+ 2°
231 DMSO* 20+ 2°
232 DMSO* 30+2°

*See pag. 185

Table 9. Bending angle at a dose of 1 ug/plant for the 23 candidates
of the virtual screening made with FLAP methodology.

As seen, compounds 210, 211, 215, 224 and 225 have shown a bending angle higher
than the others. Thought these angles are minor than the ones obtained for active BRs,
it is noteworthy that the plant has not remained unaffected and has given a certain level
of activity. This case is equivalent to that got in part 2.2.4 with compounds 207 and
209. Likewise, more response measurements at lower doses have been made to
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obtain the activity profile for these five compounds. The obtained results are shown in
figure 39.

Compound 210 (EtOH) Dose-response graphic of compound 210
Dose (ug/plant) | Response 60
1 47° £ 7° 50 1 +
o (o} —_
0.1 31°%1 0 |
0.01 7°£4° ?
530 - i
%
§20 8
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Compound 215 (EtOH) Dose-response graphic of compound 215
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Compound 211 (EtOH) Dose-response graphic of compound 211
Dose (ug/plant) | Response 60
1 43°+13° 50 |
(o] o —_
0.1 30°t6 yo -
0.01 50+ 2° g

Figure 39. Responses of compounds 209, 210, 211, 215 and 224 at the new doses evaluated.
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Compound 224 (EtOH) Dose-response graphic of compound 224
Dose (ug/plant) | Response 40
1 300 + 2° 35
0.1 26° + 10° 530 ) +
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Compound 225 (EtOH) Dose-response graphic of compound 225
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Figure 39. Responses of compounds 209, 210, 211, 215 and 224 at the new doses evaluated.

As seen, compounds 210, 211, 215 and 224 show a certain level of response at a dose
of 0.1 ug/plant, though lower than the one obtained at 1 ug/plant. This level of activity is
kept by compounds 215 and 224 at a dose of 0.01 ug/plant, while is extinguished in
compounds 210 and 211. Compound 225 shows a different profile, since the response

at 0.1 ug/plant is higer than the one shown ay 1 ug/plant. This result can be explained
by the toxicity of the compound at the later dose.

Moreover, a detailed in the annex part, individual results of compounds 210, 211, 215
and 224 at 1 pg/plant and of compound 225 at 0.1 ug/plant are higher than 70° and
thus equivalent to that of active BR. This reinforces their non-active compounds
consideration. In addition, these compounds represent a chemical series, sharing a
N-(2-hidroxiethyl)piperazine substructure.

This five compounds, together with compounds 207 and 209, are considered very
interesting results because, although they do not shown the response of an active BR,
they show a level of activity which makes them promising structures to be considered
in the future design of non-steroidal compound with BR activity.
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2.4. Application of the SHOP methodology to find new BR-like compounds
241. Aim

One of the highest achievements in the design of new active structures as plant growth
promoters was the synthesis of the androstane BRs 6 and 7, that rendered an activity
similar to those of medium activity BRs.*®*" An androstane BR comprises an steroid
skeleton, properly functionalised, with an hydroxyl group in 17 position, where an acyl
group, that is intended to mimic the side chain of 1 and 2, is linked. The carbonyl of the
acyl side chain and the a-carbon polar functionality seeks to mimic the 22R-OH and the
23R-OH of 1 and 2, respectively, and the hydrophobic part, the extreme of the side
chains of 1 and 2. The commercial side chain of 6 and 7 was purposed by the
application of the SHOP methodology to a commercial carboxylic acid compounds
database.*®*°

The good result given by the application of SHOP methodology to replace the side
chain of 1 by a commercial structure in an androstanic BR, encouraged us to try the
same methodology to replace 233 and 234 (figure 39), the steroidal skeletons of 6 and
7, by a commercial or easily available structure with a hydroxyl group in its structure to
link the side chain to. It must be pointed of that 234 and 233 require of 8 and 9
synthetic steps, respectively, prior to proceed to its condensation with the
corresponding side chain. So, obtaining a new structure, different to the steroidal
pattern, that would render an active BR-like compound, would be very important to
increase the availably of compounds with a BR activity to its future use in agriculture
applications.

SHOP methodology needs a template structure with one or some atoms of reference,
called anchor points, to perform the search procedure. In our case, the structures that
will be used as reference are 233 and 234, the steroid skeletons of BL (1) and CS (2),
with a 17p-OH replacing the side chain. The O atom of 173-OH group will be chosen as
reference or anchor point (A) in both structures. So, the search will be focused on
finding mimetics of structures 235 and 236 (figure 39) with a hydroxyl group on its
structure equivalent to that of 17 parameterized as anchor point.

235 236

Figure 40. Compounds 233, 234, 235 and 236.
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In the literature, non-steroidal structures that have shown an activity similar to that of
steroidal ones have been reported. One of the most representative examples is
diethylstilbestrol (DES) (237), compound that possess an activity analogue as that of
the oestrogen 173-estradiol (E;) (238), a natural feminine sexual hormone. The activity
shown by 237 can be explained looking at its overlapping with 238 (figure 41). Those
pharmacophoric patterns needed to elicit estrogenic activity are shared by both
compounds: two hydroxyl groups separated by a defined distance with a hydrophobic
skeleton.

Figure 41. Overlap of DES (237), in yellow, with E; (238), in blue.

What makes 237 very interesting is that it can be easily synthesized and is even more
active than 238."%° This is exactly the aim in the replacement of skeletons 233 and 234
by more available active structures.

Other compounds different than 237 with estrogenic activity have been found. They are
included in the family of endocrine-disruptor chemicals (EDCs). This class of
compounds shows a lot of families of structures that, with a proper functionalization,
could be estrogenic. This means that they possess a pharmacophoric profile similar to
that of 238. So, this could be a source of information about non-steroidal structures
able to mimic a steroidal one.

The search process with SHOP methodology will be applied systematically to a
commercial alcohols database. Additionally, taking advantage of the knowledge about
the structures of EDCs, a database of alcohols will be designed ad hoc, that is,
designed for the particular aim of this project, keeping in mind ideas taken from the
EDCs structures.

2.4.2. Database generation

As described, two databases will be used in the screening process made with SHOP
methodology. The first will include compounds derived from the backbones of
structures of endocrine disruptors-chemicals and the second will be formed by
commercial building blocks.
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2.4.2.1. Ad hoc designed database

As highlighted before, the group of endocrine disruptor-chemicals (EDC) include
non-steroidal structure able to posses the same activity as the estrogenic hormone
17B-estradiol (238). So, they are able to mimic the activity given by a steroid
compound. One of the best known examples is the one given by diethylstilbestrol
(DES) (237). As remarked before, the good overlapping of the two hydroxyl groups and
the correspondence between the two hydrophobic skeletons (figure 41) has been
purposed as the basis to explain the activity of 237.'%" In this sense, one can realize
that the good overlapping is given by the similarity of the backbone of 237 to the steroid
backbone of 238 and the availability to place the hydroxyl groups on the same regions.

OH

HO HO
(1) = JO
HO HO

239 240

Figure 42. Scheme of the idea that leads the design of 240-like compounds.

Taking this idea in mind, it seems interesting to pursuit the same concept, to properly
functionalize the 237 skeleton in order to resemble those functionalities present in 233
and 234, trying to get structures like 239. Then, the side chain 5 will be anchored to the
new proposed skeleton by synthetic means, to reach a non-steroid structure 240, with
a potential ability to elicit BR activity. So, DES-like compounds will be modified in order
to try to reach the pharmacophoric profile defined by 233 and 234. The scheme of this
idea is shown in figure 42.

This approach offers the advantage that the structures proposed are susceptible to
present better alignments with the templates 233 and 234 than the ones obtained from
the commercial compound database, since the former are based on a pre-existing
idea. On the contrary, they may need some synthetic steps to be obtained; so, the
information that they could yield is expected to have a higher scientific value than
commercial.

Moreover, other compounds of the EDC family with different structures have shown a
high estrogenic activity.'” Two examples of them are 3,4,6-trihydroxyflavone (241)
and bisphenol B (242) (figure 43). So, their backbones will be used to extend the
database, together with other groups of compounds.
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HOOH

241 242
Figure 43. Compounds 241 and 242.

The chosen backbones to be in the database will be systematically functionalized in
order to study the most convenient functionalization for each one. This result will give
an idea of the convenience to use some backbones respect to others. According to this
idea, 20 families of compounds have been designed. There have been 3 series of
systematic substitution patterns (group |, group Il and group lll), yielding a total of 720
compounds.

For each structure an atom will be defined as anchor point to allow the performance of
SHOP methodology. The anchor point will be assigned to the O atom of the hydroxyl
group that seeks to mimic the 173-OH of 233 and 234.

The compounds chosen to integrate the ad hoc designed database are described in
figures 44-46. In each one of the three groups, each family has been functionalized
according to all the options of the substitution pattern shown. The name familyn refers
to the substitution pattern n applied to the backbone structure family. DU refers to
dummy atoms.

2.4.2.2. Commercial building blocks database

This database was formed by commercial building blocks extracted from different
chemical suppliers: Aldrich,'”® Maybridge,'”® Specs,'™ Keyorganics™' and
Combiblocks."™ The search is focused on building blocks because these structures will
have to be linked to the side chain (R)-hexahydromandelic acid (5) through some
synthetic steps. So, a building blocks amount, higher than the used for bioassay trials,
is needed.

As described before, the desired molecular structures must have one hydroxyl group,
needed for the further esterification with 5. Moreover, the O of this group will be
considered as anchor point to perform the calculations with SHOP. So, a filtering of the
building blocks of the database has been done to select those compounds with at least
one hydroxyl group on its structure. Moreover, we need to define the O of these
hydroxyl groups as a dummy atom (anchor point). This operation is made with Virtual
Reactions program, which allows the selection of the compounds of a database with a
reaction pattern.’*

After this selection step, a database of 1996 different alcohols, with the O atom of the
hydroxyl group selected as anchor point, has been made. In the case of structures
having more than one hydroxyl group, as many structures as hydroxyl groups have
been selected.
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Group |

R2
R4 O O
R1

Benzylphenylketones

R2
R3 R1
R7
R6
o
R5
R4 O

Cynnamyl benzoates

R7
R6 R3
0} R2
R5
o
R4 R1

Phenethyl benzoates

R2
R3 R1
R7
R6 =
R5 (6] (6]
R4

Phenyl cinnamates

R7 R2
R6 R:;\@/m
o)
R5
R4 O

Benzyl benzoates

Stilbenes (X = H, Me, Et)

DES-like stilbenes

Figure 44. Families and substitution pattern of the group | proposed compounds.

Substitution | o4  p> | R3 | R4 | R5 | R6 | R7 Family Code

pattern Chalcones Calconan
1 DU| - - |OH| - - - :
5 bul - a - Tonl - a Cynnamyl benzoates Benzcinnn
3 bul - ; ; - |onl - Phenyl cynnamates Cinnfenn
4 pul - | - TonloH!l - | - Benzylphenylketones Benzfencetn
5 DU| - - - loHloH] - Phenethyl benzoates Benzetfenn
6 DU| - - - |OH| - |OH Benzyl benzoates Benzbenzn
7 DU| - - |OH| - |OH]| - X=Me EstilbMen
8 - Ioul - |oOH] - - - Stilbenes X=Et EstilbEtn
9 _ DU _ _ OH _ _ X=H EstilbHn
10 - |oul - N - |lonl| - DES-like stilbenes EstilbDESN
11 - |[DU| - |OH|OH| - -
12 - |DU| - - |OH|OH]| -
13 - |DU| - - |OH|] - |OH
14 - |DU| - |OH| - |OH| -
15 - - |IDU|OH]| - - -
16 - - |IDU| - |OH]| - -
17 - - IDU| - - |OH| -
18 - - |[DU|OH|OH]| - -
19 - - |IDU|] - |OH|OH]| -
20 - - |IDU| - |OH] - |OH
21 - - |DUJOH]| - |OH]| -
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Group

Phenylnaphtalenes (X = H, Me, Et) Phenyltetralones

Flavonoids

3-Phenylindanones

R2 R2

R3 R1 R3
R4 O R4
0
R6
R7 O

R7 OH

l R1

Phenyldihydrotetralones (S o R)

Substitution| oy 1 Ro [ R3 | R4 | R5 | R6 | R7
pattern :
Family Code
1 DU| - - |OH| - - - -
> ool - I - T -Torl-1T- Flavonoids Flavonn
3 pul - - - _lTonl - 3-Phenylindanones Phenylindann
4 DU _ _ _ _ _ OH X= Me NaftMen
Phenylnaphtalenes X=Et NaftEtn
> DU} - { - JOH{OH] - | - i X=H __ NaftHn
6 DUf -} -1 - fOH]OH] - Phenyltetralones Phenyltetran
7 DU| - - - - |OH|OH - -
Phenyldihydrotetralones | S aphenylditetran
8 bu| - - |OH] - - |OH (SoR) R bphenylditetran
9 DU| - - - JOH] - |OH
10 DU]| - - |OH| - |OH]| -
11 - |[DU| - |OH]| - - -
12 - |DU| - - JOH| - -
13 - |DUJ| - - - |OH| -
14 - |DUJ| - - - - |OH
15 - |[DU| - |OH|OH]| - -
16 - |DUJ| - - JOH|OH]| -
17 - |DU| - - - |OH|OH
18 - |[DU| - |OH]| - - |OH
19 - |DU| - - JOH] - |OH
20 - |IDU] - |OH] - |OH]| -
21 - - |DU|OH]| - - -
22 - - |IDU| - |OH]| - -
23 - - |DUJ| - - |OH| -
24 - - |DUJ| - - - |OH
25 - - |DU|OH|OH]| - -
26 - - |DU| - |OH|OH]| -
27 - - |DUJ| - - |OH|OH
28 - - |DU|OH]| - - |OH
29 - - |DU| - |OH] - |OH
30 - - |DU|JOH]| - |OH]| -

Figure 45. Families and substitution pattern of the group Il proposed compounds
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Group lll
R5 R1 R5 R1
R6 O R2 R6 R2
LI BOOYH
R8 O R4 R8 O R4
Dibenzocyclopentanone Dibenzocyclohexanone
Substitution | o4 | 2> | R3 | R4 | R5 [ R6 | R7 | R8
pattern
1 DU| - - - |OH]| - - -
2 DU| - - - - |OH]| - -
3 DU| - - - - - |OH| -
4 DU| - - - - - - |oOH Family Code
5 DU| - - - |OH|OH] - - Dibenzocyclopentanone | dibenzpentn
6 DU - ' ' - JOHJOH| - Dibenzocyclohexanone | dibenzhexn
7 DU| - - - - - |OH| OH
8 DU| - - - |OH]| - - |OH
9 DU| - - - - |OH] - | OH
10 DU| - - - |OH|] - |OH]| -
11 - |DU| - - |OH]| - - -
12 - |DU] - - - |OH]| - -
13 - |DU] - - - - |OH| -
14 - |DbU| - - - - - |OH
15 - |bU| - - |OH|OH]| - -
16 - |DU| - - - |OH|OH]| -
17 - |DU] - - - - |OH| OH
18 - |DU| - - |OH]| - - |OH
19 - |DbU| - - - |OH] - | OH
20 - |bU| - - |OH|] - |OH]| -
21 - - |[DU] - |OH| - - -
22 - - |DU] - - |OH]| - -
23 - - |DU] - - - |OH| -
24 - - |DU] - - - - |OH
25 - - |IDUl - |OH|OH]| - -
26 - - |DU] - - |OH|OH]| -
27 - - |DU] - - - |OH | OH
28 - - |[DU] - |OH| - - |OH
29 - - |DU] - - |OH] - | OH
30 - - |IDUl - JOH| - |OH]| -
31 - - - |DUJOH]| - - -
32 - - - |DU] - |OH| - -
33 - - - |DbU| - - |OH| -
34 - - - |bU| - - - |OH
35 - - - |DUJOH|OH| - -
36 - - - |DU] - |OH]JOH]| -
37 - - - |DU| - - |OH| OH
38 - - - |DUJOH]| - - |OH
39 - - - |bU}] - |OH| - |OH
40 - - - |DU]JOH] - JOH]| -
Figure 46. Families and substitution pattern of the group Ill proposed compounds.
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2.4.3. Methodology
2.4.3.1. Database generation

The first step in the SHOP methodology is the creation of the databases that will be
used to perform the screening procedures taking a template, in this case 233 and 234,
as a reference.

The database creation requires of two steps: the conformer generation and the
descriptor calculation.

a) The conformer generation process is done by a rule-based method, compiled with
program SHOP, selecting the 10 most diverse conformers for each compound, so that
the energy of each new conformer does not exceed in 10 kcal/mol the energy of the
minimum energy conformer generated.

b) Next step consists of the calculation of SHOP descriptors for each one of the new
conformers obtained for each compound of the database. As described, three kinds of
descriptors will be obtained: SHOP-GRID, SHOP-Shape and SHOP-Fingerprints. For
the first type, the following probes are selected to perform the calculation:

- DRY probe, which mimics the hydrophobic interactions.
- N1 probe, which mimics hydrogen bond donor interactions.
- O probe, which mimics hydrogen bond acceptor interactions.

In the study the descriptors related with the geometry of the anchor points would not be
considered, since only one anchor point is considered on each molecule.

2.4.3.2. Search procedure

Once the two databases have been generated, the search procedure is ready to be
applied. In first place, SHOP descriptors, with the same configuration used for the
databases descriptors calculation, are calculated for the two templates that will be
used, 233 and 234.

Then, similarity indexes are computed, according to the SHOP descriptors calculated,
between each one of the two templates and the whole compounds of the two
databases, the commercial compounds one and the ad hoc designed one. Similarity
indexes of Carbd'"® and Hogdkin'® are used to perform the comparison. Also, two
criteria of similarity index calculation are chosen, considering the sum and the product
of the different descriptors calculated. In the similarity index calculation, the values
calculated for each probe have been given the same weight in the calculation.

So, the compounds of the two databases have been ranked according to 3 factors
(template —233 and 234-, similarity index-Carbé and Hogdkin- and calculation-like —
sum and product) with two levels each one, thus rendering 8 lists for each database.

2.4.3.3. Analysis of the results and refining

The results of the scaffold hopping process given by the commercial compounds
database and the ad hoc designed database are summarized as follows. In both cases
the results obtained using 233 as templates are shown in first place and after the
results using 234 as template. For each of the four cases, four lists have been
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generated due to the use of two similarity indexes, Carbd and Hodgkin, and two ways
to calculate the index, sum or product (tables 9-12). The 30 best results for each
condition are considered.

Those structures present in various lists with high similarity index values are selected.
The next step has consists of a flexible alignment between the selected candidates and
233 or 234, depending on the case. The best overlaps given for each structure are
shown above in figures 48-52. All the chosen overlaps show good superposition
between the 173-OH group of 233 or 234 and the corresponding hydroxyl group of the
molecule under study, since this is the anchor point, where the side chain 5 will be
linked. The convenience of using each structure for the future synthesis of a BR-like
compound is discussed. The analysis will be focused on evaluating the overlap
between the polar functionalities between each molecule and between the hydrophobic
part of 233 or 234. In all the overlap figures shown, 233 or 234 appear in yellow and
the molecule under study in grey.

2.4.3.3.1. Analysis of the results given by the ad hoc designed database
2.4.3.3.1.1. 233 as template

Table 10 summarizes the results obtained for the ad hoc designed database using 233
as template. The chosen structures are shown in figure 47.

aphenylditetra19 (243) bphenylditetra19 (244) Phenyltetra19 (245) Phenylindan19 (246)

OH OH

OH OH
HOI\ Hol\ Ho” Ho”
OMe
HO
OH (0]

OH OH OH OH
EstilbDES13 (247) EstilbMe12 (248) NaftMe19 (249) NaftEt19 (250)
OH
HO
OH
OH
?j ; |
HO = HO
\Q\ HO P HO\Q\ _ Q(
[¢]
o o j@\ HO
o o
OH HO (0] o o
OH
Cinnfen7 (251) Cinnfen12 (252) Cinnfen14 (253) Benzcinn19 (254)

Figure 47. Compounds selected in the ad hoc designed database using 233 as template.
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Sum Carbo Sum Hogdkin Product Carbé Product Hogdkin
Compound Sl Compound Sl Compound Sl Compound Sl
estilbDES13_12 0,971 estibMe12_16 0,952 | estilbDES13_12 | 0,922 | estilbDES13_12 | 0,866
estibMe12_15 0,970 estibMe12_15 0,952 | estilbDES13_2 | 0,917 Cinnbenz7_1 0,866
estilbDES13_11 0,969 Cinnbenz7_1 0,949 naftEt19_1 0,913 Cinnbenz14_6 0,866
estibMe12_16 0,968 estiibDES13_12 0,947 | estibDES9_3 | 0,912 naftEt19_1 0,865

ditetra19_4 0,967 ditetra19_4 0,947 | estilbDES13_11 | 0,908 | Cinnbenz12_13 0,865
estiibDES9_3 0,965 Cinnbenz4_1 0,947 ditetra19_4 0,907 naftMe19_3 0,862
btetra19_3 0,965 btetra19_3 0,947 naftMe19_2 0,906 naftMe19_2 0,861
estilbDES13_2 0,964 atetra19 4 0,947 Cinnbenz14 6 | 0,906 Cinnbenz7_2 0,857
atetra19_4 0,964 ditetra19_2 0,946 | estilbDES13_4 | 0,904 btetra19_3 0,854
naftEt19_1 0,963 Cinnbenz14_6 0,946 | Cinnbenz12_13 | 0,903 ditetra19_4 0,853
ditetra19_2 0,963 Cinnbenz5_1 0,944 naftMe19_3 0,902 naftEt19_6 0,852
Cinnbenz14_6 0,963 naftMe19_3 0,943 naftEt19_6 0,901 Benzfen6_12 0,851
naftMe19_2 0,962 | phenylindan19_min | 0,943 | benzcinn19_13 | 0,901 naftEt19_3 0,850
estilbDES9_8 0,962 | phenylindan19_1 0,943 naftEt19_3 0,899 estilbDES13_2 0,848
Cinnbenz7_1 0,962 estilbDES13_11 0,943 | estilbDES9_8 | 0,897 Benzfen14_14 0,847
Cinnbenz2_8 0,962 naftMe19_2 0,942 Cinnbenz7_1 0,896 benzcinn19_13 0,847
naftMe19_3 0,961 Cinnbenz12_13 0,942 atetra14_2 0,896 Cinnbenz4_1 0,845
phenylindan19_min | 0,961 naftEt19_1 0,941 naftEt12_1 0,893 benzcinn19_1 0,844
phenylindan19_1 0,961 Cinnbenz7_2 0,940 | estilbMe12_15 | 0,892 benzbenz20 13 0,844
estibDES13_4 0,961 Cinnbenz19_9 0,939 naftMe12_2 0,891 atetra19_4 0,843
naftEt19_6 0,960 Benzfen6_12 0,939 naftEt12_6 0,891 | estibDES13_11 0,841
naftEt19_3 0,960 Benzfen14_14 0,939 btetra14_2 0,891 Cinnbenz19_1 0,841
estiibDES12_8 0,960 naftEt19_6 0,938 | estilbDES12_8 | 0,890 Cinnbenz19_2 0,840
Cinnbenz12_13 0,959 naftEt19_3 0,938 benzcinn19_1 0,890 estiibMe12_15 0,839
benzcinn19_13 0,959 Cinnbenz4_2 0,936 btetra19_3 0,889 estilbMe13_4 0,837
Cinnbenz5_1 0,958 estilbMe13_4 0,935 Cinnbenz7_2 0,888 Cinnbenz5_1 0,835
Cinnbenz4_1 0,958 Cinnbenz6_1 0,935 naftMe12_3 0,887 | dibenzpent26_min | 0,834
Cinnbenz2_6 0,958 Cinnbenz19_2 0,935 Benzfen6_12 0,886 | dibenzpent26_1 0,834
Benzfen14_14 0,956 benzcinn19_13 0,935 naftEt12_3 0,885 Cinnbenz7_8 0,834
benzcinn19_1 0,956 estibMe12_3 0,934 | benzbenz20_13 | 0,885 estilbDES13_4 0,832

Table 10. Results obtained for the ad hoc designed database using 233 as template. The
nomenclature shown for each structure is FamilySubstitutionPattern_conformer.
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Table 11 shows and describes the overlaps obtained for the 12 candidate molecules

and the template 233.

Compound Alignment 20-0H | 3a-OH | Carbonyl | MYAroriobie
243

Alignment1 Yes No Yes Yes
243

Alignment2 Yes No Yes Yes
244

Alignment1 Yes No Yes Yes
244

Alignment2 Yes No Yes Yes
245

Alignment1 Yes Yes Yes Yes
245

Alignment2 Yes No Yes Yes
246 Yes | No ves Yes

(7-oxa)

Table 11. Alignments of the candidate compounds of the search made for the ad hoc designed
database, in grey, using 233, in yellow, as template.
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Hydrophobic

Compound Alignment 20-OH | 3a-OH | Carbonyl part

247 Yes No No Yes
Aligﬁ?nsenn Yes Yes Yes Yes
Aligﬁ:‘nsentz Yes Yes Yes Yes
Aligﬁ?ngenm Yes No Yes Yes
Aligﬁfngentz Yes No Yes Yes
Aligr21fnoent1 Yes No Yes Yes
Aligr21fnoent2 Yes No Yes Yes

251 Yes Yes Yes Yes

Table 11. Alignments of the candidate compounds of the search made for the ad hoc designed
database, in grey, using 233, in yellow, as template.
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Compound Alignment 20-OH | 3a-OH | Carbonyl Hydr:;)rrtlobic
Aligﬁrsnzenﬂ Yes Yes Yes No
AligﬁfnzentZ Yes No Yes No

253 Yes Yes Yes Yes
Alig?\r5n4ent1 Yes Yes (7\-(c?>?a) No
Aligﬁ?n4ent2 Yes Yes Yes Yes

Table 11. Alignments of the candidate compounds of the search made for the ad hoc designed
database, in grey, using 233, in yellow, as template.

In the last alignment given by compound 254 all the moieties are well overlapped
except the 173-OH of 233 and the hydroxyl group of the aromatic ring of the cynnamyl
part of the molecule. This last alignment seems to show that if this ring would be
para-substituted, as Benzcinn5 (255) is, the quality of the overlap would increase.
Although this molecule has not given a good ranking in the screening made with
SHORP, its alignment with 233 is tried. The result is shown in figure 48. As seen, all the
polar moieties overlap well, though a good overlapping with the skeleton has not been

achieved.
HO.
O
HO

(0]

OH

255

Figure 48. Alignment of Benzcinn5 (255), in grey, with 233, in yellow.
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Selection of the candidates

Once the 12 compounds have been analyzed, the most promising candidates must be
selected in order to proceed with the synthesis of the corresponding BR-like
compound, with the side chain 5 anchored to the hydroxyl group that mimics the
17B8-OH of 233. The choice of the candidates is made according to good overlap
features. As shown, in general the molecules have not given a good superposition
between the central hydrophobic parts. So, the selection is focused on the overlap of
the polar moieties keeping in mind that a certain overlap must be given in the central
part of the molecule. On the other hand, synthetic feasibility, in case the compounds
are not commercial, must be considered too.

Taking this last idea in mind, non-commercially available compounds 243 and 244,
although the good overlap with 233 shown, are not prioritized due to the chiral centre
present on its structure. In this sense, compound 245, as representative of compounds
bearing the 19 substitution pattern, seems to be a better candidate. However, as
noticed once the calculations had been done, compound 245 presents, as does the
whole “phenyltetra” family of compounds, the 1,5-prototropy shown in figure 49, that
makes this family be equivalent to that of so-called “phenylnaftalenes”.

OH OH

O O
OH O OH OH
245 256

Figure 49. 1,5-prototropy shown between 245 and NaftH19 (256). This behaviour can be
extended to the compounds of phenyltetra and phenylnaftalenes families, respectively.

It must be remarked that phenylnaftalenes have not given bad result in the SHOP
screening procedure. Additionally, this 1,5-prototrophy in the phenyltetra family could
be avoided by the introduction of two functionalities, as two fluorine groups or two
methyl groups in the methylene position. However, this could introduce some
difficulties in the synthesis of that compound.

Finally, the selected candidates are 245, 248, 253 and 255. Although this last
compound has not given a good result in the SHOP procedure, its good overlapping
with 233 makes it a good candidate.
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2.4.3.3.1.2. 234 as template

Table 12 summarizes the results obtained for the ad hoc designed database using 234

as template. The chosen structures are shown in figure 50.

OH OH OH
HO\@Q \\\\\\ @ HO HO O‘ O

OH O OH O OH O
aphenylditetra19 (243) bphenylditetra19 (244) Phenyltetra19 (245)

OH OH
OH
HO O HO O
O S
HO HO
HO

(6] OH OH
aphenylditetra16 (257) NaftH17 (258) EstilbDES12 (259)
OH
O -
i L T
oy LALC, AL,
OH O o
OH O
chalcone 14 (260) Benzetfen4 (261) Benzetfen5 (262)

OH
HO:©\ /\j
HO o o

Cinnfen5 (263)

Figure 50. Compounds selected in the ad hoc designed database using 234 as template.
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Suma Carbo

Suma Hogdkin

Producte Carbo

Producte Hogdkin

Compound Sl Compound Sl Compound Sl Compound Sl
chalcone14_5 0,980 | chalcone14_5 | 0,965 atetra19_2 0,942 atetra19_2 0,907
chalcone14_4 0,979 | chalcone14_4 | 0,964 chalcone14_4 | 0,935 | chalcone14_5 | 0,901

atetra19_2 0,975 Atetra19_2 0,959 chalcone14_5 0,932 chalcone14_4 0,901
Cinnbenz5_1 0,965 Cinnbenz5_1 0,956 Cinnbenz5_1 0,916 Cinnbenz5_1 0,889
benzbenz1_3 0,965 benzbenz5_1 0,952 ditetra19_2 0,913 ditetra19_2 0,887

ditetra14_2 0,963 | chalcone14_1 0,950 Cinnbenz3_1 0,910 atetra19_4 0,882
Cinnbenz3_1 0,963 ditetra19_2 0,949 benzbenz1_3 0,910 btetra19_3 0,877
estilbDES12_5 0,962 benzbenz4 7 0,948 atetra19_4 0,909 atetra16_4 0,870

ditetra19_2 0,962 Atetra19 4 0,948 Cinnbenz3_8 0,908 naftH17_2 0,869
Cinnbenz3_8 0,962 Btetra19 3 0,947 Cinnbenz2_1 0,904 btetra19 2 0,866
chalcone14_1 0,962 naftMe19_3 0,946 btetra19 3 0,904 benzbenz5 1 0,864

btetra19 2 0,962 naftH17_2 0,946 btetra19 2 0,903 benzbenz4 7 0,860
benzbenz5 1 0,962 atetra19_min 0,946 atetra16_4 0,901 chalcone14 1 0,859
benzbenz4 7 0,961 Atetra19 1 0,946 naftH17_2 0,900 atetra16_2 0,853

naftMe19_3 0,960 btetra19_min 0,945 | estilbDES12_5 | 0,899 | benzbenz4 13 | 0,851

naftH17_2 0,960 Btetra19_2 0,945 atetra17_2 0,892 benzbenz4 8 0,850
estilbDES9 9 0,960 Btetra19_1 0,945 chalcone14_1 0,891 atetra17_2 0,850
estiibDES12_3 | 0,960 Atetra16_4 0,942 atetra16_2 0,891 naftH19_2 0,848
Cinnbenz2_1 0,960 naftMe19_2 0,941 benzbenz5 1 0,886 | estiibDES12_5 | 0,848

btetra19_3 0,960 | estilbDES12_5 | 0,941 benzbenz4 7 0,886 | benzbenz5 17 | 0,848
benzbenz3 5 0,960 | Cinnbenz11_2 | 0,941 btetra17_2 0,884 | Cinnbenz11_2 | 0,844
atetra19_min 0,960 | Cinnbenz13_2 | 0,940 ditetra14_2 0,883 naftH16_2 0,843

atetra19_4 0,960 | benzbenz4_8 | 0,940 benzbenz3 5 0,881 Cinnbenz4_1 0,843

atetra19_1 0,960 ditetra19_4 0,939 | benzbenz5_17 | 0,880 btetra17_2 0,840
btetra19_min 0,959 | benzbenz4_12 | 0,939 | benzbenz4_13 | 0,879 ditetra17_2 0,835

btetra19_1 0,959 | estilbDES12_3 | 0,938 naftH19_2 0,876 | benzbenz4_12 | 0,835

naftMe19_2 0,958 Benzfen12_2 0,938 benzbenz4 8 0,873 | benzbenz11_16 | 0,834
estilbDES2_7 0,958 Benzfen6_11 0,936 | benzfencet13_1 | 0,871 atetra19_min 0,833

atetra16_4 0,957 | benzbenz5_17 | 0,936 benzbenz1_ 2 0,871 atetra19_1 0,833

atetra14_3 0,957 | benzbenz4_13 | 0,936 chalcone10_1 0,869 Cinnbenz13_2 0,831

Table 12. Results obtained for the ad hoc designed database using 234 as template. The
nomenclature shown for each structure is FamilySubstitutionPattern_conformer.
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Table 13 shows the overlaps obtained for the 12 candidate molecules and the template

234.
Compound Alignment 20-OH | 3a-OH | Carbonyl Hydr::r':°bi°
243 Yes No Yes No
244 Yes Yes Yes Yes
245 Yes No Yes Yes
257 Yes No Yes No
Aligr?r?l8ent 1 Yes | Yes No Yes
Aligr?r?l8ent 2 No Yes Yes Yes
259 Yes Yes No Yes

Table 13. Alignments of the candidate compounds of the search made for the ad hoc designed
database, in grey, using 234, in yellow, as template.
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Compound Alignment 20-OH | 30-OH | Carbonyl Hydr::rl:oblc
260
Alignment1 Yes No Yes No
Transoid
260
Alignment2 Yes No Yes Yes
Cisoid
261 Yes Yes Yes No
262 Yes Yes Yes No
263 Yes Yes Yes Yes

Table 13. Alignments of the candidate compounds of the search made for the ad hoc designed
database, in grey, using 234, in yellow, as template.

Selection of the candidates

Once the 10 compounds have been analyzed, the most promising candidates must be

selected, in order to proceed with the synthesis of the corresponding BR-like

compound, with the same criteria considered before.

The selected compounds are 245, selected before, 260 and 263.

2.4.3.3.2. Analysis of the results given by the commercial compounds database
2.4.3.3.2.1. 233 as template

Table 14 summarizes the results obtained for the commercial compound database
using 233 as template. The structures shown, which have given the highest similarity
indexes, have been selected. As seen, the similarity indexes obtained are lower to that
obtained with the ad hoc database.
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Compound Sl Carb6 | Sl Hogdkin | Sl Carbé | Sl Hogdkin
P Sum Sum Product Product
o OH
N <0.934 0.898 <0.842 0.729
N
264
HO OH
O O 0.945 <0.898 0.856 <0.729
265
HO ~ OH
O : O 0.943 <0.898 0.868 0.730
266
oH O on
OH
o O | <0.934 0.908 <0.842 0.788
(6]
267
heVen
\‘><‘/ 0.939 <0.898 0.862 <0.729
268
Cl
OH
Ho O <0.934 <0.898 0.843 0.730
O
269
OH
HO\/\O/VOYO 0.950 0.913 0.886 0.805
(@)
270
OH
”Owo/vom/@c' 0.947 0.912 0.875 0.804
[¢]
271

Table 14. The 13 candidates obtained from the commercial database using 233 as template.
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Compound Sl Carbé | Sl Hogdkin | SI Carbé | SI Hogdkin
P Sum Sum Product Product
OH
HOWONOW/QI 0.964 0.931 0.897 0.828
(¢]
272
peVed
OHC:‘><‘iCHO <0.934 0.898 <0.842 0.763
273
OH
§
HN ome 0.942 0.903 0.861 0.764
(0]
274
pevey
0.934 <0.898 0.843 <0.729
275
OH
EtOOC N\j/©/
1 0.942 0.983 0.861 0.763
HNT N
N
276

Table 14. The 13 candidates obtained from the commercial database using 233 as template.

Table 15 shows the overlaps obtained for the 12 candidate molecules and the template
233. As they offer altenative plausible alignments, compounds 270, 271 and 272 show
two representative alignments and compound 276 shows three as well.
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Compound Alignment 20-OH | 30-OH | Carbonyl Hydr::r':°bi°
264 Yes Yes No No
265 No Yes No Yes
266 Yes No No No
267 Yes Yes No
268 No Yes No Yes
269 No Yes
Aligr?;?ent 1 Yes Yes Yes No
Aligr?;]?ant 2 Yes No Yes No

Table 15. Alignments of the candidate compounds of the search made for the commercial
compound database, in grey, using 233, in yellow, as template.
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Compound Alignment 20-OH | 30-OH | Carbonyl Hydr::r':°bi°
AIigr?r?ent 1 Yes | Yes Yes
Aliglfr::ant 2 Yes No Yes No
Alig:r?ent 1 Yes | Yes (7\_(;?3) No
AIigr?r?ent 2 Yes No Yes No

273 Yes Yes No Yes

274 Yes Yes No No

275 Yes No No Yes
AIig:rTfent 1 Yes | Yes No Yes

Table 15. Alignments of the candidate compounds of the search made for the commercial

compound database, in grey, using 233, in yellow, as template.
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Compound Alignment 20-OH | 30-OH | Carbonyl | MVeropiobe
276

Alignment 2 Yes Yes Yes Yes
276

Alignment 3 No Yes Yes Yes

Table 15. Alignments of the candidate compounds of the search made for the commercial
compound database, in grey, using 233, in yellow, as template.

Selection of the candidates

A particular overlap behaviour is shown by compounds 265, 266, 268, 273 and 275.
Four of them are diphenylmethanes. These compounds show a good overlapping
between either 20-OH or 3a-OH (or both hydroxyl groups in the case of compound
273), 17B-OH and the central hydrophobic part.

Compounds 270, 271 and 272, with similar structures, give equivalent alignments with
233. Each one of these compounds has two hydroxyls, one aromatic and other one
aliphatic. So, they can overlap in two main ways with 233, depending on the hydroxyl
that is overlapped with 173-OH. If the aromatic hydroxyl overlaps with 173-OH of 233,
there is a good overlap with the 2a0-OH, the 3a-OH and the carbonyl of 233, though the
overlap of the hydrophobic core is not good. On the other hand, if the aliphatic hydroxyl
is aligned with 17p-OH, there is a very good alignment of the lactone of 233 and the
20-OH also overlaps well. The 2a-OH and the hydrophobic skeleton of 233 are not
overlapped in this case.

Finally, compound 276 shows several overlaps where its various functionalities overlap
in different ways with 2a-OH, 3a-OH and the carbonyl of 233, keeping always a good
overlap with 173-OH and a quite well overlap with the central hydrophobic skeleton.

Some candidates are proposed to proceed to the synthesis of the corresponding
BR-like compound. The best found structure is though to be 276 and so this is
considered the prioritary one. Also, 265 and 270, in a second priority level, are
arbitrarily proposed since they represent two groups of compounds that have given
various candidates in the screening.

2.4.3.3.2.2. 234 as template
Table 16 summarizes the results obtained for the commercial designed database using

234 as template. The structures shown, which have given the highest similarity
indexes, have been selected. Some of them have been selected in part 2.4.3.3.2.1 too.
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As seen again, the similarity indexes obtained are lower to that obtained with the ad
hoc database.

Sl Carbé | Sl Hogdkin | Sl Carbé | Sl Hogdkin

Compound Sum Sum Product | Product

OH

N 0.922 0.896 <0,765 < 0,690

Iz

264

HO OH
O O 0,923 < 0,881 0,815 < 0,690
265

HO ~ OH
O O 0,952 0,896 0,826 0,729

266
OH
OH O
OH
o | <0,922 0,882 0,694 < 0,690
(0]
267
OH
Howo/voj(g 0,949 0,916 0,839 0,767
(0]
270
OH
”O\Ao/voj(@c' 0,946 0,918 0,826 0,767
(0]
271
OH
HO\/\O/\/OYG; 0,932 0,903 < 0,765 0,691
(0]
272

Table 16. The 14 candidates obtained from the commercial database using 234 as template.
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Sl Carbé | Sl Hogdkin | Sl Carbé | Sl Hogdkin

Compound Sum Sum Product Product
OH
N
HNT OMe 0,940 0,905 0,780 0,697
(0]
274

OH
Hoﬁ/ 0,922 0,833 0,775 0,702
o
277

(o]
Y
HN&KH <0,922 <0,881 0782 0716
(0]

278
OH
) /\/©/
ZON
HN&\H < 0,922 <0,881 0,768 0,713
(0]
279
OH
s
HN" 0,935 0,908 0,851 0,794
(0]
280

Ho Q O on 0,929 < 0,881 0,784 < 0,690

HOOH <0,922 < 0,881 0,771 0,725
o

Table 16. The 14 candidates obtained from the commercial database using 234 as template.
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The next step would consist of the performance of a flexible alignment procedure
between 234 and compounds 277, 278, 279, 280, 281 and 282, since the rest have
been analyzed in the previous analysis. Table 17 shows the overlaps obtained for the 6
new candidate molecules and the template 234. For compound 278 two representative
alignments are shown.

Compound Alignment 24-OH | 30-OH | Carbonyl Hydrg:r':“ic
277 No Yes Yes Yes
AIigr?erSent 1 Yes Yes Yes Yes
Alig:r7nsen t2 :\-/ ff Yes Yes Yes Yes
279 Yes Yes Yes Yes
280 Yes Yes No
281 Yes No No No
282 No Yes Yes Yes

Table 17. Alignments of the candidate compounds of the search made for the commercial

compound database, in grey, using 234, in yellow, as template.
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Compounds 278 and 279 show a profile similar to that of 276, since these compounds
possess various functionalities that overlap well with the moieties present in the rings A
and B of 234. Also, the central part of the molecules overlaps well between them.

Compound 281, a biphenyl, shows a profile similar to that of compounds 265, 266, 267,
273 and 275. Anyway, in this case, the hydrophobic central part of 281 is larger than
that of 234.

The compounds that seem to be the best candidates are compounds 270, selected
before, 277 and 278. Chalcone 267 is discarded due to its inappropriate
functionalization pattern, since it contains two hydroxyl groups in the aromatic ring
where chain 5 would be linked, thus making more difficult its synthesis.

2.4.3.4. List of candidates

Considering the results from the fragment (scaffold) substitution in the ad hoc designed
and commercial compound databases with SHOP methodology using both templates
233 and 234, the candidates proposed to be used in the synthesis of the corresponding
BR-like compounds, that is, to which the side chain 5 will be linked, are shown in figure

51.
OH
g oH
HO
o g 0 |
HO N H
\
HO COOMe HO o~ Yo

OH O
245 248 253
OH OH
HO | HO O on
g SN Y ¢
o
Ho j@\
o) OH © HO o Yo
255 260 263
OH
OH
5 Y
HO O O OH o \ 5 HN&H
o o)
265 277 278
OH
OH Et0OC._ _N
1 TQ
HO\/\O/\/O HN N
o) 6’
270 276

Figure 51. List of the eleven selected compounds in the scaffold hopping search.
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Two comments have to be made. In first place, a chalcone, compound 267, has been
found in the commercial compound database, as happened before in the scaffold
hopping made with the ad hoc designed database, where chalcone 260 was found.
Although 267 has been ruled out due to synthetic reasons, this result shows that the
methodology is consistent and gives convergent results. Another point in this aspect is
that diphenylmethanes have been found in the screening made over the commercial
compound database. Some EDCs, compounds that can mimic the activity given by the
steroid E, (238), have a diphenylmethane backbone, as it has been previously
indicated. So, the fact that some diphenylmethanes have been found shows that SHOP
methodology is consistent.

The synthesis of the corresponding analogues, with the side chain 5 linked to the new
skeletons in the hydroxyl group defined previously as anchor point, depends on their
structures. So, those compounds with more than one hydroxyl group would require the
protection of the rest of the hydroxyl groups. In this sense, compound 265, with a
symmetrical structure, and compounds 276 and 278, a single hydroxyl group, does not
require of a protection step. Moreover, compounds 245, 248, 253, 255, 260 and 263,
from the ad hoc designed database are not commercial and need to be synthesized.

Some preliminary analogues have been tried to synthesize (part 1 chapter 2). Anyway,
since this synthetic work was made in parallel to the computational work described, the
synthesis of analogues using the ten candidates is not made in this work.

2.4.4. Study of the groups of the ad hoc database

Complementarily to the scaffold hopping search performed, it appears interesting to
look into which families of compounds of the ad hoc designed database have given in
general best results than the others. This could give an idea of which kind of
compounds are susceptible to mimic better the structures 233 and 234.

The procedure that will be applied is described as follows. For each one of the 20
families of compounds proposed in the ad hoc designed database, the mean and the
standard deviation for the compounds of a single family are calculated for the similarity
indexes calculated with the Carbé index and the criterion of the sum, considering the
two templates: 233 and 234.

In first place, the calculation is done with the first 500 candidates for both lists. Table 18
shows the results obtained. Figure 52 shows the graphical representation of this data.
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Figure 52. Graphical representation of the results of table 17.
Family Mean SD Ra;:;(:;ng Family Mean SD Ra;:;(‘;ng
ditetra 0,933 | 0,022 1 atetra 0,935 | 0,023 1
Cinnbenz | 0,929 | 0,016 2 btetra 0,934 | 0,021 2
atetra 0,929 | 0,015 3 naftMe 0,930 | 0,022 3
btetra 0,928 | 0,013 4 naftH 0,930 | 0,023 4
naftMe 0,928 | 0,016 5 calcona 0,929 | 0,024 5
estilbDES | 0,928 | 0,023 6 naftEt 0,928 | 0,019 6
naftEt 0,926 | 0,015 7 estilbDES | 0,926 | 0,021 7
calcona 0,926 | 0,017 8 ditetra 0,925 | 0,022 8
dibenzhex | 0,926 | 0,015 9 benzfencet | 0,922 | 0,016 9
benzfencet | 0,925 | 0,017 10 estilbH 0,922 | 0,013 10
phenylindan | 0,924 | 0,020 11 Cinnbenz | 0,921 | 0,019 11

benzcinn 0,921 | 0,024 12 benzbenz | 0,919 | 0,021 12
benzbenz 0,921 | 0,016 13 Benzfen 0,918 | 0,016 13
estilbMe 0,920 | 0,016 14 dibenzhex | 0,917 | 0,012 14
Benzfen 0,918 | 0,022 15 phenylindan| 0,916 | 0,016 15
flavon 0,917 | 0,019 16 estilbMe 0,914 | 0,017 16
naftH 0,917 | 0,011 17 benzcinn 0,913 | 0,015 17
dibenzpent | 0,916 | 0,021 18 estilbEt 0,911 | 0,017 18
estilbH 0,916 | 0,020 19 flavon 0,911 | 0,013 19
estilbEt 0,914 | 0,020 20 dibenzpent | 0,901 | 0,000 20

Table 18. Mean and SD (standard deviation) of the similarity indexes obtained for the
whole compounds of a family of the ad hoc designed database for templates 233 and 234.

As seen, the high dispersion of the data does not allow a good comparison between
the families. This means that, as expected, the convenience of each family of
compound is intimately linked to the substitution pattern. Trying to get results with less
dispersion, the calculation is intended to be done using one the 100 best compounds in
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the ranking respect to template. 234 is arbitrarily chosen. To make sure that the
compound number 100 on the list, btetra16_1, with a Sl of Carbé of 0.940, is good
enough, it is overlapped with 234. Since the overlapping is good, compounds with a
similarity index higher than 0.940 are selected to perform this analysis. Means and
standard deviations (SD) are calculated again. In the first 100 ranked compounds, only
17 families are present. Table 19 and figure 53 show the results of this calculation.

Ranking Family Mean SD

1 calcona 0,960 0,016
2 Cinnbenz 0,956 0,008
3 ditetra 0,955 0,010
4 benzbenz 0,953 0,007
5 atetra 0,953 0,010
6 estilbEt 0,953 0,002
7 estilbDES 0,952 0,007
8 btetra 0,952 0,008
9 naftMe 0,950 0,007
10 naftH 0,949 0,008
11 naftEt 0,948 0,006
12 Benzfen 0,945 0,003
13 estilbH 0,945 0,004
14 estilbMe 0,944 0,001
15 benzfencet 0,943 0,003
16 benzcinn 0,943 -

17 dibenzhex 0,941 -

Table 19. Mean and SD (standard deviation) of the similarity indexes obtained for the 100 best
ranked compounds of the ad hoc designed database for templates 234.

0,98000

0,97500

0,97000

0,96500

0,96000 { [

0,95500 T

0,95000

0,94500

SO HHEAH I AN A me -

——
o —

u
—
—

Figure 53. Graphical representation of the results of table 18.
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The graphic shows again that the high dispersion of the data does not allow performing
a clear ranking of the different families. So, this reinforces the already mentioned idea
cited before that there is a close relationship between the hydrocarbon backbone and
the substitution pattern for the compounds in the database in order to exhibit a good
mimic with 234. It seems licit to extend this conclusion to the 233 list.

Finally, in order to establish a priority shown for some skeletons respect to the others
independently from the substitution pattern, the compound from each family with the
highest similarity index is selected on each list obtained with Carb6 index calculated
with the sum criterion. Table 20 shows the results.

It can be clearly seen that the ranking of the families differs according to the compound
taken as reference. In general, the families with good results in common with both
structures are atetra, btetra, ditetra, estiibDES and Cinnbenz. These results are more
similar to that obtained in the screening process. So, the results of this study
complement the results obtained in the screening process but do not offer any
additional information.

234 list 233 list
Ranking Family SI Family Sl
1 calcona14 0,979 estilbDES13 0,971
2 atetra19 0,975 estilbbMe12 0,970
3 benzbenz1 0,965 ditetra19 0,967
4 Cinnbenz5 0,965 btetra19 0,965
5 ditetra14 0,963 atetra19 0,964
6 btetra19 0,962 Cinnbenz14 0,963
7 estilbDES12 0,962 naftEt19 0,963
8 naftH17 0,960 naftMe19 0,962
9 naftMe19 0,960 phenylindan19 0,961
10 estilbEt2 0,954 benzcinn19 0,959
11 naftEt19 0,954 Benzfen14 0,956
12 Benzfen6 0,949 dibenzpent26 0,954
13 estilbH9 0,948 benzfencet13 0,953
14 benzfencet13 0,946 naftH19 0,952
15 estilbMe10 0,945 benzbenz20 0,950
17 dibenzhex26 0,941 calcona20 0,948
18 flavon17 0,939 dibenzhex16 0,943
19 phenylindan16 | 0,937 estilbH13 0,941
20 dibenzpent26 0,901 flavon19 0,935

Table 20. Compounds from each family of the ad hoc designed database with the highest
similarity index respect to templates 233 and 234.
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En aquesta part del present treball es planteja sintetitzar nous compostos amb
potencial activitat com a promotors del creixement vegetal, prenent com a referéncia
les estratégies i la informacié proporcionada en els estudis computacionals descrits en
el capitol 1.Tal com s’ha comentat anteriorment, la idea de rerefons sempre és trobar
nous compostos amb unes estructures que, sent més assequibles, tan des d’'un punt
de vista econdmic com sintétic, que les dels BRs derivats de la BL (1) i de la CS (2),
incorporin els requeriments estructurals que a I'Equip s’ha postulat que sén necessaris
perque els nous compostos siguin actius. Aquests requeriments, de forma general, es
basen en que els noves estructures tinguin funcionalitats o subestructures que puguin
mimetitzar els 4 hidroxils, el carbonil i I'extrem hidrofobic de la cadena lateral de 1 2,
els BRs més actius.

Amb aquesta idea de base, a 'Equip s’han plantejat diverses estratégies per obtenir
nous analegs.***%'%2 En aquest projecte, a nivell de sintesi, s’ha treballat en una nova
linia de recerca, seguint el plantejament descrit a I'apartat 2.4 del capitol 1, per abordar
I'obtencié de compostos que substitueixin I'esquelet esteroidal dels compostos 6 i 7
per noves estructures.

Per l'altra banda, en 'ambit d’accié de futurs treballs, es proposa la sintesi de derivats
dels compostos 207, 209, 210, 211, 215, 224 i 225, estructures que ha rendit els valor
d’activitat més alts en el RLIT de les proposades com a candidates en els virtual
screenings realitzats amb un model QSAR elaborat amb descriptors GRIND (apartat
2.2 del capitol 1) i amb la metodologia FLAP (apartat 2.3 del capitol 1). Els derivats
d’aquests compostos permetran aprofundir en el coneixement dels requisits bioforics
que expliquen la seva activitat bioldgica, permetent aixi el disseny racional de nous
analegs

1. Substitucié de I'’esquelet esteroidal dels compostos 6i 7

Tal i com s’ha comentat a la Introduccié d’aquest treball, una de les fites més
importants en la linia de recerca de BRs androstanics establerta a la Seccié
d’Esteroides del 1QS va ser el disseny® i obtenci6® del compostos 6 i 7, que van
presentar una considerable activitat de 1.70 i de 1.06 respectivament, en el RLIT.

Aquest compost pertany a la familia dels anomenats BRs androstanics, és a dir,
compostos que presenten un esquelet androstanic, pertinentment funcionalitzat, amb
un hidroxil en la posicié 17 on hi ha unit per esterificacid una grup acil, que pretén
mimetitzar la cadena lateral de la BL (1) i de la CS (2). La cadena de 6 i 7 comprén
aquelles requeriments estructurals que s’havien postulat com a necessaris per obtenir
brassinoesteroides androstancs actius: una funcionalitat polar en la posicié o del
carbonil i un extrem hidrofobic.>?

Alld que fa especialment interessant els composts 6 i 7 és que la seva cadena lateral,
I'acid (R)-hexahidromandélic (5), és comercialment assequible. Va ser trobada a través
de la metodologia SHOP,*® aplicada sobre bases de dades d'acids carboxilics
comercials.*® Donat el seu alt valor d’activitat bioldgica, i que la cadena lateral és
assequible comercialment, es decideix prendre 6 i 7 com a compost de referéncia dins
de la familia dels analegs androstanics pel disseny de futurs analegs. En aquest sentit,
en aquesta tesi es planteja, prenent com a referéncia I'estructura 6 i 7, trobar un
compost comercialment assequible que pugui mimetitzar I'esquelet androstanic de 6 i
7 i obtenir aixi un compost actiu, de la mateixa manera com s’ha fet amb a cadena
lateral de 1 i de 2. L'elecci6 de la nova estructura es pretén fer mitjangant la
metodologia SHOP sobre dues bases de dades creades amb dos criteris diferents: un
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de sistematic emprant bases de dades d’alcohols comercials i un de racional “inspirat”
en analegs no esteroidals de 'estradiol (E,) (238).

Mentre l'estudi computacional s’estava duent a terme, amb la mateixa idea es va
decidir, a nivell preliminar plantejar la sintesi d’estructures que incorporessin esquelets
que puguessin mimetitzar els esquelet esteroidals de 6 i 7. Aquestes estructures es
van plantejar buscant, amb el criteri de la familia de disruptors endocrins en ment,
estructures que fossin assequibles sintéticament o comercialment, i que oferissin bons
requeriments estructurals perque fossin susceptibles de poder ser actives. Aquestes
estructures, tot i que no han donat els millors resultats quan la metodologia SHOP va
ser aplicada, ofereixen alineaments acceptables amb la BL (1). Els tres compostos
plantejats (283, 284 i 285) i el seu solapament amb 1 es mostren a la figura 54.

285
Figura 54. Alinements de 283, 284 i 285, en verd, amb la BL (1), en gris

La sintesi preliminar d’aquestes estructures ha permés fer-les servir com a banc de
proves per trobar condicions de reaccio i grups protectors addients per a ser emprats
de forma sistematica en la sintesi futura d’altres analegs del matex tipus. En aquest
sentit cal remarcar que les sintesis han estat dutes a terme de forma paral-lea i que,
per aix0, no es déna una continuitat entre elles.
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2. Intent de sintesi del compost 283

L’estructura flavonoidea 286 va ser escollida com a la més adient després de fer una
cerca sobre una base de dades de flavones comercials (figura 55). En aquest sentit,
seguint la idea citada anteriorment, es pretén que els hidroxils en les posicions C7 i C8
de 283 mimetitzin els de C2 i C3 de la BL (1), el carbonil en C4 de 283, el carbonil en
C6 de 1 i I'hidroxil en C4’ de 283, I'hidroxil en 23R de 1.

286 283

Figura 55. Compostos 283 i 286.

L’estratégia sintética del compost 283 es basa en protegir els hidroxils C7 i C8 de 286 i
I'hidroxil de 5, unir per esterificacid les dues unitats estructurals i desprotegir els
hidroxils. Es creu convenient, a priori, escollir grups protectors per tots els hidroxils de
tal manera que es desprotegeixin sota les mateixes condicions en una sola etapa. Un
des grups que es creu més addient sén els grup benzil, per I'hidroxil de la cadena, i
I'acetal difenilmetilénic, pels hidroxils en 7 i 8 de I'esquelet de flavona. Ambdés grups
es desprotegeixen en condicions d’hidrogendlisi (H,/Pd(C)). Aquestes condicions es
creu que son suaus i selectives per deixar inalterada la resta de la molécula. A la
literatura hi ha descrit el seu Us en compostos que integren I'esquelet de flavona en la
seva estructura,”* ' aixi com funcionalitats del tipus a-hidroxiester arilic."*®

L’estratégia sintética global que es proposa es mostra a la figura 56.

2.1. Protecci6 de la cadena lateral

Es vol protegir I'hidroxil de I'acid (R)-hexahidromandélic (5) com a éter benzilic deixant
'acid carboxilic inalterat per procedir a la posterior esterificaci6 amb I'esquelet
flavonoide.

2.1.1. Intent de proteccio selectiva de I’hidroxil de 5

Normalment, els procediments de proteccié de I'hidroxil de a-hidroxiacids impliquen la
proteccio prévia de I'acid carboxilic i la posterior desproteccio. Per tant, les metddiques

que suposen una proteccié directa de l'hidroxil sense haver de protegir I'acid
préviament son d’especial interés, doncs suposen l'estalvi de dos passos de sintesi

(figura 57).
o] o]
HO HO

OH O._Ph

5 287

Figura 57. Sintesi de 287 a partir de 5 amb un sol pas de sintesi.

-123 -



CAPITOL 2: SINTESI

HO

HO
Ph

287

283

Figura 56. Estrategia sintética plantejada per obtenir 283.

Hon et al.™®" descriuen la proteccié selectiva de I'hidroxil d’un a-hidroxiacid com a éter
benzilic mitjangant el métode de Williamson, tractant el compost d’interés amb bromur
de benzil i hidrur sddic en THF. Aquest procediment s’aplica a 5, perd no s’obté el
producte desitjat 287.

Aixi, cal buscar altres metodes per benzilar I'hidroxil de 5. Anteriorment en I'Equip, els
2,2,2-tricloroacetimidats d’aril van ser emprats amb éxit en la proteccioé d’hidroxils com
a eters arilics.*® Aquest procediment requereix de la proteccid prévia de Iacid
carboxilic de 5. Per tant, es decideix procedir a la benzilacié de 'hidroxil de 5 amb la
previa proteccio de I'acid carboxilic com a ester metilic (figura 58).
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2.1.2. Sintesi d’acid (R)-2-benziloxi-2-ciclohexilacétic (287)

La sintesi de (R)-hexahidromandelat de metil (288) es duu a terme amb el procediment
descrit per Dubost et al.,"® segons el qual 5 es tracta amb clorur de tionil en medi
MeOH. S’obté 288 amb un rendiment del 89%. L’'obtencié de 289 s’aconsegueix
seguint el procediment descrit per Dubost et al."® en el qual 288 es tracta amb
2,2, 2-tricloroacetimidat de benzil i acid trifluorometansulfonic en medi DCM/hexa.
S’obté 289 amb un rendiment del 91%. La desproteccié de I'acid de 289 es duu a

terme amb hidroxid de potassi en medi EtOH/aigua, seguint el procediment descrit per

Kato et al..”*® S’obté 287 amb un rendiment del 91% (figura 58).

5 288 289 287

Figura 58. Sintesi de 287 a partir de 5 amb tres pas de sintesi emprant 288 i 289 com a
intermedis sintétics.

2.2. Proteccio de I'esquelet

Per protegir 286, i obtenir aixi 290 (figura 59), es segueix el procediment descrit per
Bengtsson et al.,"* segons el qual el compost amb dos hidroxils aromatics en orto es
tracta amb o,a’-diclorodifenilmeta sense dissolvent a 170 °C durant 15 min sota
atmosfera inerta. Aquest procediment ha estat aplicat en la proteccioé d’hidroxils en orto
de flavones.™" 42

286 290

Figura 59. Sintesi de 290 a partir de 286.
Aplicant aquest procediment sobre 286 s’obté, després de 10 min, 290 amb un
rendiment del 93%. En el procés de purificacid, cal realitzar un rentat amb acetona del
solid format per separar correctament 286 de 290.

2.3. Sintesi del compost 291

Es procedeix a I'esterificacié entre el compost 290 i 287 per obtenir I'ester 291 (figura
60).
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290 287 291

Figura 60. Sintesi de 291 a partir de 287 i de 290.

2.3.1. Intent de sintesi del compost 291 pel métode de Yamaguchi

Un dels metodes d’esterificaci6 que més bons resultats ha donat en I'Equip és el
meétode de Yamaguchi,**'#2'* tot i que no ha estat emprat en la sintesi d’ester arilics.
Aquest metode consta de dos passos. En el primer, té lloc la formacié d’'un anhidrid
mixt entre I'acid d’interés i clorur de 2,4,6-triclorobenzoil amb TEA en THF. En el segon
pas, I'anhidrid mixt format es tracta amb l'alcohol d’interés en preséncia de DMAP com
a catalitzador de transferéncia de grups acil,'** en tolu¢ o DCM. Els rendiments
obtinguts han variat segons els substrats emprats, perd generalment han estat de
I'ordre del 50-60 %.*%*°

No tots els métodes de sintesi disponibles permeten obtenir esters arilics. Aixi, en
primer lloc, per comprovar 'adequacié del métode de Yamaguchi en la sintesi de 291,
es va assajar aquesta metodologia en la sintesi de propionat de fenil. Es va obtenir el
producte d’interées amb un rendiment del 60%, fet que indica que aquest métode és
apte per a la sintesi de compostos amb aquest tipus de funcionalitats.

Ara bé, I'aplicacié del métode de Yamaguchi en la sintesi de 291 es veu restringida pel
fet que 290 és insoluble en els dissolvents en els quals s’ha descrit'*® que és més idoni
efectuar el segon pas de la reaccié: tolué, 1,4-dioxa, py i DCM. Tampoc és soluble en
CHCI;, AcOEt, ACN, aigua i acetona. Ara bé, 291 és soluble en THF a una
concentracio de 10 mg/ml.

Tot i aixi, la reaccié s’assaja emprant tolué en el segon pas. Després del procés de
purificacié, s’obté una mescla on s’identifica 291, amb un rendiment aproximat del
10%, barrejat amb un altre compost no identificat, del qual no ha estat possible
separar.

Cal recordar que un dels objectius en la sintesi de 283 era trobar condicions de reaccio
per fer aplicable aquesta via sintética a altres futurs analegs. Per tant, cal trobar
condicions de reaccid que permetin obtenir l'ester d’interés amb rendiments
acceptables.

En un nou intent, s’empra piridina en el segon pas de la reacci6. En aquest dissolvent
290 és insoluble, perd és un dels dissolvents més idonis per aplicar el métode de
Yamaguchi. Es forma un cru complex en el qual sembla que s’identifica una petita
quantitat del producte d’interés. Ara bé, aquest tampoc no es pot arribar a purificar.

Tot i que no és el dissolvent adequat, s’assaja I'is de THF en el segon pas de sintesi.
El cru de reaccié és més net que en el cas anterior. Ara bé, majoritariament es detecta
el compost 292 (figura 61) i no es detecta el producte d’interés en el cru que es forma.
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Figura 61. Compost 292

Donats els resultats negatius obtinguts en assajar el procediment de Yamaguchi en la
sintesi de 291, es decideix assajar nous meétodes d’esterificacid que puguin ser
efectuats pertinentment en THF.

2.3.2. Intent de sintesi del compost 291 pel métode de Steglich

El métode d’esterificacié de Steglich'® (DCC/DMAP) es basa en l'activacio de I'acid
carboxilic amb N,N’-diciclohexilcarbodiimida (DCC) formant una O-acilurea. Tot seguit,
el grup acil de I'acid carboxilic és captat per la N,N-4-dimetilaminopiridina (DMAP),
afavorint I'atac de I'alcohol. Si 'atac de la DMAP no es déna amb rapidesa, degut a
possibles impediments estérics, o no té lloc a temperatures inferiors a 5 °C, entre
d’altres causes, I'intermedi O-acilurea evoluciona a N-acilurea, compost que no rendeix
'ester d’interés. Per tant, és important que la formacié de N-acilurees no s’indueixi,
buscant condicions de reaccié adequades (figura 62).

N _C ,
0 |‘ o N‘ y R'-OH o} i
- RO C
| A )\N/CV DMAP  R” O o >N

O-acilurea

)k -Cy

R N
)\N/Cy

H

0]

N-acilurea
Figura 62. Mecanisme de la reaccio d’esterificacié de Steglich

Tot i que anteriorment en 'Equip havia donat problemes de baixos rendiments deguts
a la formacié de subproductes,’*® la possibilitat de realitzar aquesta reaccié en THF en
la sintesi d’esters arilics fa interessant assajar-la.’*’

En primer lloc, i tal com es va fer en el métode de Yamaguchi, es decideix assajar
aquesta reaccio en la sintesi de propionat de fenil per comprovar si aquesta reaccio és
adequada en la sintesi d’esters arilics. Aquest s’obté amb un rendiment del 53%, fet
que indica que aquest métode és també valid per a la sintesi d’aquest tipus de
compostos.

En una primera prova, 290 i 287 es dissolen en THF i es tracten amb DCC i DMAP a
t.a.. Durant la reaccié es van addicionant quantitats sobreestequiométriques de DCC,
fins a un total de 3.5 eq, per intentar afavorir 'aveng de la reaccié. Malauradament, es
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forma un cru complex amb nombrosos subproductes on no es detecta el producte
d’interés.

Es decideix repetir aquesta reaccido en les mateixes condicions amb la mateixa
estequiometria amb la que es va dur a terme la sintesi de propionat de fenil amb el
meétode de Steglich, és a dir, DCC:DMAP (1:0.4). Es torna a formar un cru complex en
el que no es detecta el producte d’interés.

Es creu que una de les causes d’aquests resultats pot ser I'evolucio de les O-acilurees,
que es formen com a intermedi de reaccid, a N-acilurees, compostos que no
evolucionen cap a l'ester d’'interés. Una de les causes que poden motivar aquesta
transposicio és la temperatura. Aixi, es decideix repetir la reacci6 a 0 °C amb
I'estequimoetria del segon assaig.

Es repeteix la reaccio addicionant lentament el DCC sobre una dissolucio de 290, 287 i
DMAP, refredada a 0 °C. Després de 7 dies de reaccid, s’obté un cru complex on no
es detecta el producte d’interés.

Aixi, finalment es desestima el métode de Steglich per a procedir a la sintesi de 291.

2.3.3. Intent de sintesi del compost 291 amb 1,1’-carbonildiimidazole (CDI)

El CDI és un agent activador d’acids carboxilics emprat tant en la sintesi d’esters'*®
com en la d’amides.”® El mecanisme de reaccié es basa en la formacié d’una
imidazolida entre I'acid carboxilic d’interés i el CDI, activant aixi el grup acil per a un
posterior alcoholisi o amindlisi (figura 63). En el cas de la sintesi d’esters, la segona
etapa requereix calor per a que tingui lloc.™

(0] (0]
i + JJ\ — )J\ + H + CO
o (DY T O Q)
X 7 M
N
@N R + HX E—— R)J\X + &z

X =0R', NRR"
Figura 63. Mecanisme de la reaccid d’esterificacié emprant CDI

Achatz et al.”®" descriuen I'esterificacié directa d’'un a-hidroxiacid amb fenol fent servir
1,1’-carbonildiimidazole (CDI) (figura 64).

i i
%&‘\"\J\OH — %&{\J\OPh
OH OH

OMe OMe
Figura 64. Reacci6 d’esterificacio directa amb CDI descrita per Achatz et al.
Préviament a l'intent de sintesi de 291, es decideix assajar la reaccié de 5 amb fenol

per rendir (293) (figura 65) amb les condicions emprades per Achatz et al.”' Aixi, 5 es
tracten amb CDI en THF a t.a. durant 17 h, i, a continuacio, s’afegeix fenol al sistema,
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que s’escalfa a reflux durant 5 dies. Ara bé, no s’observa evolucié dels reactius de
partida. La reaccio es repeteix, realitzant la primer etapa de la reaccié escalfant a
reflux, perd, de nou, no s’observa evolucioé dels reactius de partida. Aixi, es descarta
I'aplicacio del métode d’esterificaciéd amb CDI.

o
PhO

OH

Figura 65. Compost 293.

2.3.4. Esterificacio via clorur d’acil

La reaccio entre clorurs d’acil i hidroxils és un dels millors métodes per la sintesi
d’esters. Ara bé, aquesta reaccio es troba restringida per I'obtencié del clorur d’acil de
I'acid que es vulgui esterificar. Després d’'una intensa recerca bibliografica, es va trobar
un métode que permetia obtenir clorurs d’acil en condicions suaus, emprant diclorur
d’oxalil i DMF en DCM."®? Posteriorment, el clorur d’acil i I'alcohol es tracten amb TEA
en THF at.a..

Aquest métode va ser aplicat en la sintesi de 291 a partir de 290 i de 287, rendint
satisfactoriament el producte desitjat. Es va observar que l'addici6 d’una quantitat
catalitica de DMAP en el segon pas de la reaccio n'augmentava el rendiment, fins a un
57%. Addicionalment, el cru de reaccio era més net que en els assajos realitzats amb
el métode de Yamaguchi i amb DCC/DMAP.

Aquest resultat mostra que aquest métode d’esterificacié sembla adient per a futures
sintesis de compostos analegs a 283.

2.4. Intent de sintesi del compost 283

En aquest pas es vol desprotegir els hidroxils en 7 i 8 de I'esquelet flavonoide i
I'hidroxil de la cadena lateral de 291 per rendir 283 (figura 66).

291 283

Figura 66. Reaccié d’obtencio de 283 a partir de la hidrogendlisi de 291

Tal com s’ha comentat anteriorment, els grups protectors de 291 es poden desprotegir
en condicions d’hidrogendlisi, en les quals el compost d’interés es tracta amb H, i
pal-ladi suportat sobre carbé actiu (Pd/C) al 10%."%>">*
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En primer lloc, com a prova, es realitza la desproteccioé per hidrogendlisi de 290, amb
Pd/C 10% i amb una pressié de H, de 1 atm en THF, rendint 286 amb el 90% (figura
67).

290 286

Figura 67. Reacci6 d'obtencio de 286 a partir de la hidrogendlisi de 290

Per tant, aquest métode sembla adient per procedir a la sintesi 283. Pel que fa a la
funcionalitat que no s’ha considerat en la prova realitzada, la cadena lateral amb
I'hidroxil protegit com a éter benzilic, cal esmentar que hi ha una referéncia
bibliografica en la qual es descriu la sintesi de lactat de fenil a partir de la hidrogenaolisi
del compost amb I'hidroxil protegit com a éter benzilic amb una pressié d’hidrogen de
2.8 atm sobre Pd/C,'® fet pel qual es considera que les condicions d’hidrogenolisi
aplicades sobre 290 seran en principi valides per desprotegir totalment 291.

Aixi, s’intenta desprotegir per hidrogenolisi 291 per obtenir 283 amb una pressi6 de 1
atm. En una primera prova, fins a les 4h de reaccid no s’observa l'aparicid de
productes. La reaccié es deixa evolucionar fins a 19 h, quan la conversioé del reactiu ha
estat total. Ara bé, en aquest cas, s’obté un cru complex en el que no s’observa
producte d’interés i en el que la conversido ha estat total. Es decideix realitzar una
segona prova, en la qual el producte es deixa evolucionar menys temps, intentant
controlar que no hi hagi una gran aparicié de subproductes, encara que es detecti
producte de partida en el cru. Sota aquest criteri, la reaccio¢ s’atura a les 8 h. Per CCF,
es detecten els mateixos subproductes que en la primera prova, perd amb una
quantitat menor relativa al producte de partida. En el cru tampoc es detecta producte
d’interés.

Essent la desproteccid per hidrogendlisi I'inic metode que esta descrit
bibliograficament per desprotegir de forma suau, sense haver de recorrer a un medi
aquos acid, les funcionalitats protegides de 291, i havent fallat aquesta, es decideix
descartar I'is dels grups protectors éter benzilic i acetal difenilmetilénic en la sintesi de
futurs analegs. Per altra banda, la sintesi del compost 283 es considera interessant
donat que el seu esquelet de flavona és comercial i que presenta caracteristiques
farmacoforiques que semblen adequades perque aquest compost pugui desenvolupar
activitat com a promotor del creixement vegetal. Tal com s’ha comentat, en aquest
treball es va estar assajant la sintesi de varies estructures a la vegada, fet pel qual, de
moment no es segueix amb la sintesi de 283. Aixi, es deixa per futurs treball I'assaig
d’altres grups protectors per assolir la sintesi d’aquest compost.
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3. Intent de sintesi del compost 284

Una de les estructures que presenten interés per obtenir nous compostos amb activitat
brassinoesteroides amb un esquelet no esteroidal és el compost 284 (figura 68). Tal
com s’ha descrit a l'apartat 2.3 del capitol 1, la proposta de sintesi d’aquest compost
es basa en I'aproximacié de substituir 'esquelet esteroidal dels compostos 6 i 7 per
una estructura més assequible sintéticament i que pugui complir els requisits

farmacoforics propis de 233 i 234.
0
o)
“ O OH

COOMe

HO

HO

Figura 68. Compost 284.

Com tots els analegs que es dissenyen sota aquesta aproximacid, la sintesi del
compost 284 es realitza per esterificacio de la cadena 5 amb I'esquelet estilbénic 294,
amb els hidroxils pertinents dels dos compostos protegits adequadament. L’estratégia
sintética general, sense considerar les etapes de protecci6 i desproteccié dels hidroxils
pertinents, es mostra a la figura 69.

OH
S
NS
COOMe
COOMe
294 5 284
Figura 69. Estratégia sintética general proposada per obtenir el compost 284.
El compost 294 no és disponible comercialment. La seva sintesi es planteja a través
de la formacié del doble enllag central per I'acoblament de dues estructures
carboniliques mitjancant la reaccié de McMurry."® En la literatura es descriu com

aquest métode va ser emprat en la sintesi del compost estilbénic 295 a partir dels
sintons 296 i 297 (figura 70).'%®

OMe
jij/( j/©/ Me( ):‘/5/‘/ '\O
MeO

296 297 295

Figura 70. Sintesi del compost 295 a través de 'acoblament de McMurry
de les estructures 296 i 297.

Aixi, per analogia amb la reaccié anterior, es proposa I'estratégia sintética mostrada a
la figura 71 per obtenir el compost 294 a partir de I'acoblament mixte de les estructures
298 i 299.
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298 299 294

Figura 71. Proposta de sintesi del compost 294 a través de I'acoblament de McMurry de les
estructures 298 i 299.

La reaccié de McMurry fa servir reactius de Ti de baixa valéncia, obtinguts a partir de
la reduccié de TiCl; o de TiCl, amb Zn, Mg, el parell Zn/Cu, K, Li o H,4LiAL'*® De tots
ells, la combinacié TiCl3/Zn-Cu és la més reactiva, la més reproduible i la més
emprada.’® El mecanisme que es proposa es detalla a la figura 72."%°

Ti
, 0 o) —_— O )

Q J)J)Hoo
d— a2 T T LT

Pinacolat
Figura 72. Mecanisme de la reaccié de McMurry

En primer lloc, es dona la dimeritzacié reductiva dels reactius carbonilics inicials
formant un pinacolat. Tot seguit, té lloc la desoxigenacié d’aquest intermedi rendint
'alqué corresponent.

La reaccié6 de McMurry és compatible amb la preséncia d’alcohols,™ fet a tenir en
compte en la sintesi de 294 a partir de 298 i de 299. Aixi mateix, s’ha descrit I'aplicacio
de la reaccié de McMurry en 'acoblament de cetones o aldehids en compostos on hi
ha present un ester,'® cosa que en principi la fa compatible per assolir la sintesi de
294. Per altra banda, també hi ha descrites aplicacions de la reaccié de McMurry en
casos en els quals el carbonil d’esters déna acoblaments amb cetones rendint éters
enodlics. Ara bé, no hi ha descrites aplicacions d’aquesta reaccié en les que s’emprin
B-cetoesters, com és el cas de 299, per a realitzar acoblaments a través del carbonil
cetonic. Per tant, cal assajar en primer lloc si la reaccié de McMurry té aplicabilitat en
aquest cas. Aixi, es planteja la sintesi del compost 300 a partir de 'acoblament mixt de
McMurry entre el compost 301 i el compost 302 (figura 73) Tal com s’observa, s’han
omes els hidroxils dels compostos 298 i 299 per simplificar aquest estudi.

o O )
COOMe COOMe
301 302 300

Figura 73. Proposta de sintesi del compost 300 a través de I'acoblament de McMurry de les
estructures 301 i 302.
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3.1. Sintesi de benzoilacetat de metil (302)

El benzoilacetat de metil (302) no és comercialment assequible perd si que ho és el
benzoilacetat d’etil (303). Es decideix obtenir 302 a través de la transesterificacié de
303 amb MeOH (figura 74).

(0] O (0] (0]
@)ULOEt . @)uOMe
303 302

Figura 74. Proposta de sintesi del compost 302 a través de la transesterificacié de 303.

Seguint el procediment descrit per Rappoport et al.,'*® 303 es tracta amb MeOH en
preséncia d’acid sulfdric en quantitat catalitica a reflux durant 20 h. S’obté una mescla
en la qual es detecta 302 barrejat amb un altre compost, que, a través de dades
espectroscopiques obtingudes, es creu compatible amb acetofenona. La mescla
obtinguda es purifica per destil-lacié a pressio reduida. S’obté 302 amb un rendiment
del 58%.

Pel compost 302, a partir de I'analisi de I'espectre de 'H-RMN realitzat, es detecta la
preséncia de tautomeria ceto-endlica entre la forma cetdnica 302a i la forma endlica
302b (figura 75). La proporcio entre 302a i 302b en CDCl; és de 4:1.

(0} (0] OH O

©)ULOM6 wowb

302a 302b

Figura 75. Tautomeria ceto-endlica del compost 302.

3.2. Intent de sintesi del compost 300

Es procedeix a la sintesi del compost 300 a través de I'acoblament carbonilic dels
compostos 301 i 302 mitjancant la reaccié de McMurry (figura 73).

En un primer moment, es segueix el procediment descrit per Castedo et al.’®, segons
el qual els compostos carbonilics que es volen acoblar es tracten a reflux durant 20 h
amb una solucié on préviament s’ha tractat TiCl; amb el parell Zn/Cu durant 3 h a
reflux. Aquests autors preparen el parell Zn/Cu segons el procediment descrit per
McMurry et al.” A més, realitzen la desactivacié, o quenching, del pinacolat format en
el medi de reacci6é addicionant-hi gel de silice. L’aplicacié d’aquest procediment a la
sintesi de 300 rendeix un cru de reaccié en el que no s’observa evolucié dels
productes de partida.

Donat que s’observa que l'aplicacié de la reaccié de McMurry per la sintesi de 300 no
és trivial, per verificar si la reproductibilitat de la reaccié és correcta es decideix, abans
de res, assajar la sintesi del compost 304 a partir de I’'homoacoblament de 301 (figura
76).
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301 304

Figura 76. Proposta de sintesi del compost 304 a través del 'lhomoacoblament de McMurry de
I'estructura 301.

Per altra banda, una de les causes que es creu que han motivat el resultat de la prova
anterior és que el parell Zn/Cu no estigués ben format. Es decideix aplicar el
procediment de preparacié del parell Zn/Cu descrit per Vogel et al.,"® segons el qual
aquest es forma in situ en el medi de reaccié a partir de CuCl i de Zn activat. Aixi
mateix, es fa servir 'estequiometria descrita per Vogel et al.,'®® de TiCls/Zn/CuCl/301
de 20:40:4:1. Tot i que aquests autors descriuen I'is de TiCls, en aquesta experiéncia
s’empra TiCls, seguint les condicions de reaccié descrites per Castedo et al.."*® En el
cru de reaccié tampoc es va observar el producte d’interés.

Un dels punts on es creu que es podria incidir perque la reaccio tingués lloc és I'etapa
de desactivacio, o quenching, del cru de reaccid. Aixi, el procediment anterior es
repeteix emprant una dissolucié aquosa de K,CO3; 10% per realitzar la desactivacio del
cru de reaccié després d’haver deixat evolucionar el sistema a reflux durant 20 h.
Novament, en el cru de reaccio no s’observa que els reactius hagin evolucionat.

Ja que cap dels métodes anteriors ha funcionat emprant TiClz, es decideix assajar la
reaccié emprant TiCl,. Es segueix el procediment descrit per Leimner et al.*** segons
el qual el compost de Ti de baixa valéncia es forma mesclant TiCly, Zn i py a 0 °C,
posteriorment s’addiciona el compost carbonilic a aquesta mescla i, a continuacio, el
sistema s’escalfa a reflux durant 20 h. La mescla de reaccié es desactiva amb una
dissolucié aquosa de Na,CO; 10% Tot i que, de nou, no s’observa el producte
d’interés, s’observa una evolucio dels reactius de partida, fet que motiva incidir en els
assajos emprant TiCl,.

Es decideixen aplicar les condicions de reaccié descrites per Vogel et al,"® segons les
quals el compost de titani de baixa valéncia es prepara pel tractament de TiCl, amb Zn
i CuCl a reflux durant 3 h. La mescla formada es tracta amb el compost carbonilic
durant 20 h a reflux. La mescla de reacci6é es desactiva amb una dissolucié aquosa de
K.CO3; 10%. Després d’un pas de purificacié per cromatografia, s’obté el producte
d’interés 304 amb un rendiment del 58%.

Tot seguit, un cop reproduida la reaccié de McMurry a I'equip per 'acoblament simétric
de dues cetones, es procedeix a la sintesi del compost 300. Aixi, les condicions
anteriors s’apliquen per I'acoblament asimétric de 301 i de 302. El cru de reacci6é es
purifica per cromatografia, i només es detecta majoritariament 304, fet que indica que
'acoblament mixt no s’ha donat. Aquest fet implica que I'acoblament d’'una cetona es
troba més afavorit que el d’un B-cetoester. Aixd podria indicar que les condicions de
reaccié trobades no serien aplicables per I'is de B-cetoesters en I'acoblament de
McMurry. Per verificar aquesta afirmacié es decideix assajar la sintesi de 305 a partir
de 302.
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3.3. Intent de sintesi del compost 305

Es planteja obtenir el compost 305 a través de ’lhomoacoblament de 302 per la reaccié
de McMurry (figura 77).

MeOOC

0
@k - oS

COOMe

302 305

Figura 77. Proposta de sintesi del compost 305 a través del 'lhomoacoblament de McMurry de
I'estructura 302.

S’apliquen les condicions de reaccioé trobades en el pas anterior.'®® Malauradament, no
s’observa evolucié del producte de partida. Aixi, es creu que els compostos amb un -
cetoester no son aplicables en les condicions de reaccio trobades anteriorment, en les
que si es donava 'homoacoblament de McMurry de 301 per rendir 304. Es creu que
una de les causes d’aquest resultat negatiu pot ser el menor caracter de carbonil que
presenta la cetona de 302, degut a I'existéncia de la tautomeria ceto-endlica mostrada
a la figura 75.

Per tant, a partir dels resultats obtinguts es decideix desestimar la sintesi d’estructures
del tipus 294, amb un esquelet estilbénic funcionalitzat amb un ester, a través de
'acoblament de McMurry del carbonil cetdonic de p-cetoesters, degut a les dificultats
sintétiques trobades. Es deixa per futurs treballs I'assaig d’altres vies sintétiques que
puguin rendir estructures d’aquest tipus.
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4. Intent de sintesi del compost 285

Seguint amb l'estratégia de trobar estructures analogues a 233 i 234, esquelet del
compostos 6 i 7, i obtenir aixi noves estructures potencialment actives com a
promotores del creixement vegetal, es proposa la sintesi del compost 285 (figura 78),
que contempla una estructura de calcona per substituir 'esquelet esteroide de 6 i 7.

0
0
il
HO O
|
HO
o}
Figura 78. Compost 285
Analogament a com s’ha proposat anteriorment, la sintesi de 285 es planteja a través
de I'esterificacié de 306 amb 5, amb els pertinents hidroxils protegits. A la figura 79 es

mostra aquesta estratégia, ometent les corresponents etapes de proteccid i
desproteccio.

0
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HO O o ©
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306 5 285
Figura 79. Estrategia proposada per la sintesi del compost 285.

A 'hora de considerar un métode de proteccioé pels dos hidroxils catecolics de 306 i per
hidroxil de 5 es tenen varies opcions, d’entre les quals es descarta I'is de I'éter
benzilic i de I'acetal difenilmetilénic com a grups protectors, donat que no han donat
bons resultats en aquest treball (veure apartat 1.1 del capitol 2). En aquest cas, es
decideix assajar I'us de I'éter metilic com a grup protector, tant per I'hidroxil de la
cadena lateral com pels dos hidroxils de I'esquelet de calcona que es volen protegir.
Aquest grup no és facil de desprotegir perd es creu d’aplicacié molt amplia, donat que
el grup metoxil és present en molts sintons comercials interessants en el lloc on es
desitjaria un hidroxil. Aixi, els sintons per formar I'esquelet de 285 es podrien comprar
ja protegits, fet que comportaria I'estalvi de I'etapa de proteccid. Per altra banda, s’ha
de tenir en compte que el grup protector escollit ha de ser desprotegit amb condicions
de reaccié molt suaus, amb el proposit de no hidrolitzar I'ester arilic intern present a
285. En aquest sentit, s’ha trobat en la literatura que la desproteccid d’hidroxils
protegits com a metoxils es pot realitzar sense emprar hidrolisi acida o basica.

4.1.Sintesi de I’acid (R)-2-ciclohexil-2-metoxiacétic (307)
La proteccié de I'hidroxil de 5 com a eter metilic requereix d’'unes condicions en les

quals l'acid carboxilic es converteix a I'ester metilic 308. Aixi, es fa necessaria una
etapa posterior d’hidrolisi de 308 per rendir finalment 307 (figura 80).
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5 308 307

Figura 80. Estratégia sintética per obtenir 307 a partir de 5.

4.1.1. Sintesi de 308

La metilacié de I'hidroxil i I'acid carboxilic de 5 es realitzen amb iodur de metil (Mel) i
hidrur sodic 60%, seguint el procediment descrit per Carballeria et al.’® (figura 81).

i i
HO MeO

OH OMe

5 308
Figura 81. Sintesi de 308 per metilacié de 5.

En una primera prova, s’empra I'estequiometria i el dissolvent descrits per Carballeira
et al.,, detectant-se 288, degut a que la transformacié de 5 en 308 no ha estat
completa. Aixi, es realitzen nous assajos augmentant I'estequiometria de Mel i de base
fins a obtenir una conversio total. Per altra banda, es realitza un assaig emprant THF
en lloc de DMSO, degut a la major comoditat de manipulacié del primer. Com que
s’obté un cru complex, es decideix seguir treballar amb DMSO. Els resultats obtinguts
emprant les modificacions comentades es mostren a la taula 21.

Assaig | Eq HHM | Eq Mel | Eq NaH | Dnt Resultat
1 1 4 2 DMSO 288 + 308 (1:1)
2 1 5 2 THF Cru complex
3 1 5 25 DMSO 288 + 308 (1:2)
4 1 5 3 DMSO 288 + 308 (1:4)
5 1 5 3.5 DMSO 308

Taula 21. Experiéncies realitzades en la sintesi de 308.

Aixi, emprant 5 eq. de Mel i 3.5 eq de NaH 60%, i realitzant la reaccié en DMSO,
s’obté 308 amb un rendiment del 100%.

4.1.2. Sintesi de 307

Es planteja obtenir 307 a partir de 308 mitjancant el procés d’hidrolisi basica descrit
per Carballeira et al."® (figura 82).
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Figura 82. Sintesi de 307 per hidrolisi de 308.

Aixi, 308 es tracta amb KOH/EtOH durant 24 h a t.a.. S’obté 307 amb un rendiment del
92 %.

4.2. Sintesi del compost 309

Una de les vies més utilitzades per sintetitzar calcones és la condensacié alddlica
entre una acetofenona i un benzaldehid pertinentment derivatitzats.'®* Aixi, es planteja
la sintesi de 309 partint de la 3,4-dimetoxiacetofenona (310) i del p-hidroxibenzaldehid
(311) (figura 83).

OH
MeO
OH MeO
T
MeO
o OHC MeO
(0]

310 311 309
Figura 83. Sintesi de 306 per condensacio aldodlica de 310 i de 311.

La condensacio aldolica de 310 amb 311 es pot realitzar tant en medi basic com en
medi acid.'® En primer lloc, s’assaja la reaccié en medi basic, seguint el procediment
descrit per Koteswara Rao et al."® Aixi, 310 i 311 es tracten amb KOH en medi
MeOH/H,O durant 72 h a ta. En el cru de reacci® es detecten nombrosos
subproductes. Després d’'un procés de purificacidé per cromatografia de columna s’obté
309 impurificada amb un rendiment del 20%. Es creu que una de les causes que
poden haver motivat aquest resultat és la desprotonacio de 311 en el medi basic de la
reaccio, rendint el corresponent fendxid que pot haver interferit en la reaccié alddlica.
Per aquest motiu, es decideix intentar la sintesi de 309, a partir de 310 i de 311, en
medi acid. Es segueixen les condicions descrites per Seo et al.,'®® en les que
'acetofenona i el benzaldehid d’interés es tracten en MeOH amb acid sulfuric en
quantitats catalitiques a reflux durant 24 h. El cru de reaccié és més net que en el cas
anterior. Després d’'un pas de purificacié per cromatografia de columna, s’obté 309
amb un rendiment del 52%.

4.3. Sintesi del compost 312

Es procedeix a I'esterificacio de 309 amb 307 per rendir 312 (figura 84).
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Figura 84. Sintesi de 312 per esterificacio de 306 i de 307.

Tal com s’ha comentat anteriorment, el métode d’esterificacié que ha rendit resultats
més bons en I'Equip és el métode de Yamaguchi,'® que permet realitzar
esterificacions en condicions suaus i amb rendiments acceptables.***® Aixi, 309 es
tracta amb clorur de 2,4,6-triclorobenzoil i TEA en THF a t.a. durant 30 min. Tot seguit,
el cru format en aquest pas, es tracta amb 307 i DMAP en 1,4-dioxa a t.a. durant 16 h.
Després d’un pas de purificacié per cromatografia de columna, s’obté 312 impurificat.
Es sotmet a un procés de purificacio per digestid en fred en Et,O i s’obté pur amb un
rendiment global del 50 %.

Aquest compost no presenta els requeriments estructurals que semblen idonis per
desenvolupar activitat brassinoesteroide, donat que presenta protegits com a metoxils
els hidroxils que s’esperarien perque pogués ser actiu. Tot i aixd, sera avaluat en el
RLIT per obtenir informacié addicional sobre [lactivitat bioldogica d’aquest tipus
d’estructures.

4.4. Intent de sintesi del compost 285

En aquest pas es vol desprotegir els hidroxils de 312 per rendir el compost desitjat 285

(figura 85).
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Figura 85. Sintesi de 285 per desproteccio dels hidroxils de 312

Hi ha diversos procediments descrits per desprotegir hidroxils protegits com a éter
metilic. De tots ells, cal evitar aquells métodes que suposin I'Us de nucleodfils en medi
acid o I'us de medis aquosos basics, ja que aquestes condicions podrien suposar el
trencament de I'ester arilic del compost. Aixi, es decideix prioritzar I'is de métodes de
desproteccidé sota aquest criterii A més a més, cal tenir present que seria adient
emprar un unic procediment de desproteccio que servis tant pels dos hidroxils fendlics
com per I'hidroxil alifatic de 312.

Un dels métodes que es creu més adequat és el que empra iodur de trimetilsilil
(Me3Sil).**" El procediment general es mostra a la figura 86.°" Aquest es basa en
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tractar el I'éter metilic d’'interés (R-OMe) amb Me;Sil a una temperatura compresa
entre 25 i 50 °C, formant-se dos trimetilsilileters (R-OSiMe; i Me-OSiMe3) i dos iodurs
d’alquil (Mel i R-l), i posteriorment realitzar una hidrolisi o alcohdlisi per rendir dos
alcohols (R-OH i MeOH).

R-O-Me * Me,Sil — R-O-SiMe; +* Me-O-SiMe; + Mel * RI
H,O o ROH
R-OH + Me-OH

Figura 86. Mecanisme de desproteccio d’'alcohols protegits
com a éters metilics amb Me;Sil.

En general, tant per alcohols alifatics com sobretot per fenols, hi ha un predomini dels
producte de desmetilacié R-OSiMes i Mel respecte de Me-OSiMes i R-1.**" Tot i que les
condicions de reaccié descrites també poden donar lloc a desalquilacions d’esters,*®
fet que podria afectar 'ester arilic intern de la molécula, s’ha descrit que la velocitat
d’aquesta reaccié és menor que la de desalquilacié d’'éters.’®’ Per tant, aquestes
condicions de reaccio es creuen compatibles per desprotegir 312.

Aquest métode s’assaja en primer lloc amb 310, per intentar obtenir 313 (figura 87).

o} o
MeO HO

310 313
Figura 87. Sintesi de 313 per desproteccié dels hidroxils de 310.

En un primer assaig, 310 es tracta amb Me;Sil a t.a. i després el sistema s’escalfa a 50
°C durant 2 dies. A continuacio, s’hi afegeix MeOH i es segueix escalfant a aquesta
temperatura durant 4 h més. S’obté un cru complex en el que no s’identifica 313. La
reaccio es repeteix fent I'addicio de Me;Sil sobre 310 a 0 °C i després efectuant la
reaccio a t.a.. En aquest cas, tampoc s’obté 313. Aixi, es decideix descartar el Me;Sil
com a agent desprotector i assajar altres procediments.

El tribromur de bor (BBr;) ha estat descrit com a un métode eficient per a desprotegir
alcohols protegits com a éter metilic.'® Saito et al."® proposen un métode en el qual
un 1,2-dimetoxibenzé es tracta amb una dissolucido 1 M de BBr; a -80 °C durant 1 h i,
posteriorment, es manté en agitacié a temperatura ambient durant 12 h per rendir el
catecol corresponent. Aquest métode ha estat aplicat en la desproteccid de 314,
compost amb un ester arilic en la seva estructura, per rendir amb un 32% el compost
desprotegit 315 (figura 88).""
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FF FF
MeO 0 F . HO 0 F
MeO N oF F HO N oF F
314 315

Figura 88. Sintesi de 315 a partir de 314 emprant BBr; en DCM.

El métode descrit per Saito et al."”® s’aplica a 310 per obtenir 313. 310 es tracta amb
BBr; a -78 °C durant 4 h, perd no s’observa evolucié del producte de partida. El
seguiment es fa per CCF aplicant els extractes amb DCM d’una una mostra de 200 pl
del cru de reaccié hidrolitzada amb unes gotes d’aigua gelada. Aixi, es decideix
augmentar la temperatura de reaccio6 fins a -40 °C per observar algun canvi. Per CCF
es detecta l'apricié de productes en el cru de reaccié. Després de 4h, el sistema
s’escalfa gradualment fins a t.a. i es deixa evolucionar a aquesta temperatura durant
16 h. Per CCF s’observa una conversio total del producte de partida. Després del
procés de purificacio, s’obté 313 amb un rendiment del 14%. Aquest fet indica que s’ha
pogut reproduir la reacci®é de desproteccié de catecols protegits com a 1,2-
dimetoxibenzens. Aixi, aquest métode es passa a aplicar en la desproteccié dels
hidroxils de 312.

En una primer experiéncia, 312 es tracta amb 6 eq. de BBr; a -78 °C durant 2 h, i
posteriorment, a t.a. durant 18 h. La desactivacié (quenching) del cru de reacci6 es
realitza amb aigua gelada. S’obté un cru complex.

Es creu que a -78 °C, 312 no reacciona i que a t.a. descomposa. Aixi, la reaccio es
decideix mantenir un temps a una temperatura intermédia de -40 °C. Les condicions
de la reaccié anterior es reprodueixen mantenint el cru a -78 °C durant 5 h, a -40 °C
durant 3 h, i 17 h a t.a.. Em aquest cas, la desactivacio es realitza amb una dissolucid
aquosa saturada de NaHCO3;. De nou, s’obté un cru complex.

En una nova experiéncia, es decideix tractar 312 amb 4.5 eq de BBr3, disminuint-ne la
quantitat respecte els casos anteriors, i realitzant I'addicié de BBr; en el sistema a -40
°C, deixant-lo evolucionar a aquesta temperatura durant 5 h i realizant la desactivacio
amb aigua gelada també a -40 °C. Després d'una etapa de separacido per
cromatografia flaix, s’obté el compost 316 amb un rendiment del 26% (figura 89).

(0]
(0]
OH
MeO l O
MeO
(0]

Figura 89. Compost 316.

Donat el resultat anterior, es decideix reproduir la metddica mantenint el cru de reaccié
a -40 °C durant 9 h. En aquest cas, s’obté 316 amb un rendiment del 20% i, tot i que
es realitzen varies purificacions per cromatografia de columna, no s’arriba a identificar
el producte d’interés 285.
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Les condicions de I'experiéncia anterior es repeteixen augmentant de nou el nhombre
d’equivalents de BBr; fins a 6 eq. S’obté un cru complex.

Donats els mals resultats obtinguts en la desproteccié dels hidroxils de 312, es
decideix deixar de provar BBr; com a métode de desproteccid. Resta aixi per a futurs
treballs, trobar unes condicions adequades per realitzar aquesta desproteccié o bé per
assajar I'us d’altres grups protectors d’hidroxils que permetin assolir la sintesi de 285.
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5. Mesura de ’activitat biologica de 291, 312 i de 316 amb el RLIT

Els productes 291, 312 i 316 no presenten els requeriments estructurals esperats
perque puguin desencadenar activitat com a promotors del creixement vegetal en el
RLIT, ja que tenen protegits hidroxils que haurien de mimetitzar el paper decisiu que
desencadenen els hidroxils 2a, 3a i 23R en activitat de BRs. Tot i aix0, aquests tres
compostos s’avaluen en el RLIT per obtenir informacioé que pugui ser d'utilitat.

Els angles d’inclinacié mostrats en el RLIT per 291, 312 i 316 a una dosi de 1
ug/planta es mostren a la taula 22.

Compost Angle a una dosi de 1 pg/planta

291 11°+ 2°
312 25° £ 5°
316 5°+1°

Taula 22. Activitat bioldgica de 291, 312 i de 316 en el RLIT.

Aquests resultats, tot i que no sén com els que presenten els BRs actius, mostren que
aquests compostos han donat un cert nivell d’activitat. Aquest fet és destacable, donat
que, tal com s’ha comentat, no posseeixen els requeriments estructurals necessaris
per oferir a priori una activitat elevada. Aixi, sembla plausible plantejar que I'aplicacio
dels compostos 283 i 285, un cop aquests s’hagin pogut sintetitzar, podria oferir valors
d’angle més elevats, donat que aquests incorporarien les peculiaritats necessaries que
€s creuen necessaries perque un compost pugui oferir una alta activitat.
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1. S’han dissenyat nous compostos amb potencial activitat brassinoesteroide desde
dos enfocaments: per una banda, s’han buscat estructures completament noves i, per
l'altra, s’han buscat estructures per substituir el fragment esteroidal dels compostos 6 i
7. Amb aquest objectiu s’han aplicat métodes computacionals, emprant descriptors
independents de I'alineament basats en camps d’interaccié molecular, per la cerca de
nous compostos amb activitat brassinoesteroide amb estructures més assequibles,
tant sintética com econdmicament, respecte als compostos ja coneguts.

1. New compounds with potential brassinosteroid activity have been designed using
two approaches: looking for totally new structures and looking for structures to mimic
the steroidal part of compounds 6 and 7. Keeping this aim in mind, computational
methods have been applied, using alignment-free descriptors based on molecular
interaction fields, to find new compounds with brassinosteroid activity with more
available structures, either synthetically or commercially, respect to known compounds.

2. En el cas de l'aproximacio de buscar estructures integrament noves, a partir de la
realitzacié de virtual screenings sobre bases de dades de compostos comercials s’han
trobat els compostos 207 i 209 amb un model QSAR, desenvolupat amb descriptors
GRIND, i el compost 224 i la serie 210, 211, 215 i 225, que comparteix I'estructura de
N-(2-hidroxietil)piperazina, amb la metodologia FLAP. Aquests 7 hits, tots ells amb
estructures molt diferents als brassinoesteroides, es plantegen com a estructures que
estableixen una nova referéncia pel disseny de nous analegs no esteroidals de
brassinoesteroides.

2. In the case of the approach to find totally new structures, using a virtual screening
procedure over commercial compounds databases, compounds 207 and 209 have
been found, with a QSAR model developed with GRIND descriptors, and compound
224 and the series 210, 211, 215 and 225, sharing a N-(2-hidroxiethyl)piperazine
substructure, have been found using FLAP methodology. These 7 hits, with structures
different from brassinosteroid ones, are proposed as a new reference in the design of
new non-steroidal analogues of brassinosteroids.
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3. Emprant la metodologia de scaffold hopping (SHOP) s’han proposat 11 compostos
(245, 248, 253, 255, 260, 263, 265, 277, 278, 270 i 276), tots ells amb estructures molt
diverses i diferents dels esquelets de brassinoesteroides naturals, com a bioisOsters de
233 i de 234 per a ser usats en futures sintesis d’analegs a 6i 7.

3. Using a scaffolf hopping (SHOP) methodology 11 compounds (245, 248, 253, 255,
260, 263, 265, 277, 278, 270 i 276), with structures very different from those of natural
brassinosteroids, have been proposed as bioisosters of structures 233 and 234 to be
used in future synthesis of compounds analogous to compounds 6 and 7.
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4. Els intents de sintesi dels compostos 307, 308 i 309 han permés obtenir informacié
preliminar sobre les condicions experimentals i els grups protectors a emprar en la
sintesi d'analegs a 6i 7.

4. Attemps to sinthetize compounds 307, 308 and 309 have given preliminar
information about the experimental conditions and the protecting groups that should be
used in the synthesis of analogues to compounds 6 and 7.
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OBSERVACIONS GENERALS

1. Abreviatures

Ac,O Anhidrid aceétic

ACN Acetonitril

AcOEt Acetat d’etil

c.c. Cru complex

CDiI N,N-carbonildiimidazole
CCF Cromatografia de capa fina
Cy Ciclohexa

DCC N,N-diciclohexilcarbodiimida
DCM Diclorometa

DMAP N,N-4-dimetilaminopiridina
DME 1,2-dimetoxieta

DMF N,N-dimetilformamida
DMSO Dimetilsulfoxid

Et,O Eter dietilic

EtOH Etanol

FE Fase estacionaria

Imp. Impureses

MeOH Metanol

py Piridina

Rdt. Rendiment

Rs¢ Factor de retencio

T Temperatura

t.a. Temperatura ambient
TEA Trietilamina

THF Tetrahidrofuran

TsOH Acid p-toluensulfonic

2. Purificacio de dissolvents

En cas que no s’indiqui el contrari, els dissolvents emprats en les reaccions es
preparen com s’indica a continuacio:

Acetat d’etil (AcOEt): S’asseca sobre K,COj3; anhidre i es destil-la.

Acetona: S’asseca sobre K,CO3 anhidre i es destil‘la.

Ciclohexa (Cy): S’asseca sobre CaCl, anhidre i es destil‘la.

Cloroform (CHCI;): S’asseca sobre CaCl, anhidre i es destil-la.

Diclorometa (DCM): S’asseca sobre MgSO, anhidre, es filtra i es destil-la sobre P,0s.
Eter dietilic (Et,0): S’elueix per una columna d’alimina i es destil-la sobre sodi.
Tetrahidrofuran (THF): S’elueix per una columna d’alumina, s’asseca amb MgSQO,
anhidre, es filtra i es destil-la sobre LiAlH,.

Tolué: S’asseca sobre P,Os5 i es destil-la.

Trietilamina (TEA): S’asseca sobre CaH; i es destil-la.

3. Control de reaccio

La cromatografia de capa fina (CCF) ha estat el métode emprat per a observar
'evolucid i resultat de les diferents reaccions, aixi com la puresa de les diferents
fraccions eluides en les columnes cromatografiques per a la seva posterior
recombinacio.
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La CCF es realitza amb plaques de plastic Macherey-Nagel (MN) Silicagel Polygram
UVys4 de 0.20 mm de gruix. Després de la seva elucid, les taques es detecten, en
primer lloc, per observacido directa amb Illum ultraviolada a 254 i 360 nm |,
posteriorment, després de ser revelades mitjangant la polvoritzacié amb H,SO, al 50%
seguit de calefaccié a 120 °C durant 5 min, per observacié amb llum visible i llum
ultraviolada de 360 nm. En el cas dels acids carboxilics s’utilitza un revelador
especific, verd de bromocresol al 0.3% en H,O/MeOH (1:4) i 'addicié6 de 8 gotes de
NaOH al 30% fins observar-ne un canvi de coloracié (els acids carboxilics presenten
una coloracié groguenca que difereix del color blau verdds de tota la capa fina).

4. Atmosfera inerta

En les reaccions realitzades sota atmosfera inerta s’ha utilitzat argé. Consisteix en
omplir un globus amb argé, que es connecta al muntatge de reacci6. A continuacié, es
purga el sistema d’aire seguint la seglient seqiiéncia d’operacions: es tanca la clau de
pas del globus, es fa el buit al sistema, s’obre la clau de pas del globus i es repeteix el
procés un parell de vegades més.

5. Separacié cromatografica

En el present treball s’empren les técniques cromatografiques que es descriuen a
continuacio. La fase mobil o I'eluent emprat es detalla en cada cas concret.

5.1. Cromatografia convencional

Columna recta emprant silice SDS de mida de particula compresa entre 70 i 200 um.
La silice es mulla amb la fase mobil, es desgasifica, s’introdueix a la columna i es
compacta per gravetat. La relacié cru:adsorbent és de 1:100 en pes.

Per a carregar el cru a la columna hi ha dos tipus de carregues, en dissolucié i seca.
En el cas de la carrega en dissolucio el cru es dissol en la minima quantitat d’eluent a
utilitzar en la cromatografia o menys polar que aquest, s’afegeix sobre la capa de sorra
introduida préviament sobre la silice mullada i es deixa que s’elueixi a la columna.
S’empra la carrega seca quan la dissolucié del cru en I'eluent amb el qual es treballa
és dificil. En aquest tipus de carrega el cru es dissol en el dissolvent adequat i
s’afegeix silice, amb una relacio cru:pes silice 1:5. S’agita a ultrasons, s’elimina el
dissolvent mitjangant destil-lacié a pressio reduida i s’asseca al buit. Una vegada sec
es diposita sobre la capa de sorra i a continuacio, s’afegeix una segona capa de sorra.
Finalment, un cop introduit el cru, s’afegeix I'eluent i es procedeix a I'elucid.

5.2. Cromatografia flash

Columna recta emprant silice SDS de mida de particula compresa entre 35 i 70 um
que s’introdueix en sec i es compacta per succid. A continuacio, la fase estacionaria es
mulla amb l'eluent i el cru que es vol separar es carrega i s’elueix, sota pressio de
nitrogen, a un flux aproximat de 50 ml'min™'. En cas que no s’indiqui el contrari, la
relacié cru:adsorbent emprada és de 1:50 en pes.
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5.3. Cromatografia liquida de baixa pressié

S’han emprat les columnes preparades de fase normal Merck Lobar Lichroprep Si 60
(40-63 um) de mides A (10 x 240 mm), B (25 x 310 mm) i C (37 x 440 mm). També
s’ha emprat la columna preparada de fase reversa Merck Lobar Lichroprep RP-18 (40-
63 um) de mida A (10 x 240 mm). La circulacié de I'eluent es realitza mitjangant I'is
d'una bomba dosificadora de polsos Duramat amb amortiguador, que permet
seleccionar la frequiéncia dels polsos i el flux d’eluent.

5.4. Cromatografia preparativa

Plaques de silice Macherey-Nagel (MN) SIL G-25 UV,s, amb indicador fluorescent
UV2s4 de 0.25 mm de gruix. La mida de les plaques és de 20 x 20 cm.

6. Dades espectroscopiques
6.1. Espectres d’infraroig (IR)

Es registren en un espectrofotometre Nicolet Magna IR 560. Les mostres s’han
registrat en un film evaporat de cloroform. Es fa constar la posicié de les bandes
d’absorcié més significatives de cada espectre en cm™.

6.2. Espectres de ressonancia magnética nuclear de proté ("H-RMN)

Es registren amb un instrument Varian Gemini-300 (300 MHz). La mostra es dissol en
el corresponent dissolvent deuterat: deuterocloroform (CDCl;), perdeuteroacetona
((CD3).CO) o perdeuterodimetilsulfoxid ((CD3),S0O). La posicié de les senyals es dona
en valor de desplagaments quimics (8) en ppm, prenent com a referéncia interna la
senyal dels protons de tetrametilsila (TMS) (6 = 0). Entre paréntesi s’'indica el nombre
de protons mesurats mitjangcant integracié electronica, el tipus de senyal caracteritzat
com s (singulet), d (doblet), dd (doblet de doblets), ddd (doblet de doblets de doblets), t
(triplet), m (multiplet), s.a. (senyal ample), s.c. (senyal complex), seguit de la/les
constant/s d’acoblament (J) i, finalment, 'assignacié del senyal.

6.3. Espectres de ressonancia magnética nuclear de carboni 13 (*C-RMN)

Es registren amb un instrument Varian Gemini-300 (75.5 Hz). La mostra es dissol en
deuterocloroform (CDCI;). Els espectres es registren en condicions de desacoblament
de proté de banda ampla (WALTZ-16) i la multiplicitat dels senyals es determina
mitjangant I'ds de la sequéncia DEPT (Distortionless Enhancement by Polarization
Transfer). La posici6 dels senyals es dona en valor de desplagaments quimics (3) en
ppm, prenent com a referéncia interna la senyal dels protons de tetrametilsila (TMS) (5
= 0). A continuacié es descriu la multiplicitat del senyal caracteritzat com s (singulet), d
(doblet), t (triplet) o g (quadruplet) i, finalment, I'assignacié del senyal.

Els espectres bidimensionals HETCOR i COSY també es registren amb un instrument
Varian Gemini-300.
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6.4. Espectre de masses de ionitzacié quimica d’alta resolucié (EM-AR)

Ha estat realitzat en un instrument Hewlett-Packard 5988-A utilitzant meta com a gas
portador. S’indica la massa calculada i la massa trobada en g-mol™.

7. Dades fisiques

7.1. Rotacié optica

Es registren en un polarimetre Perkin Elmer 241. S’empra radiacié de A de 589 nm
(linia D del sodi). S’indica la concentracié de la dissolucié en 102 mg-ml™, el dissolvent
emprat i la rotacio especifica calculada en °.

7.2. Punt de fusio

S’han realitzat amb un instrument Stuart Scientific SMP3 amb un bany d’aire, en
capil-lar obert i sense correccio posterior.
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1. INTENT DE SINTESI DEL COMPOST 283
1.1. Intent de sintesi d’acid (R)-benziloxiciclohexilacétic (287)

Es dissolen 200 mg (1.3 mmol) d’acid (R)-hexahidromandeélic (5) en 4.3 ml de THF.
S’hi addicionen 96 mg (4 mmol) de NaH 95% i 230 pl (330 mg, 1.9 mmol) de bromur
de benzil. La mescla s’agita a 0 °C durant 5 h. A continuacio s’hi afegeixen 10 ml d’una
dissolucié aquosa saturada de clorur amonic. La mescla s’acidula amb HBr 45%. Es
realitzen extraccions amb AcOEt (3x10 ml). Les fases organiques s’ajunten i
s’assequen sobre MgSO, anhidre. S’obtenen 432 mg d’'un cru que es purifica per
cromatografia flash (Cy:AcOEt (1:1 v/v)). Les fraccions obtingudes es descriuen a la
taula 26.

Fraccié | Massa/mg Productes
F1 268 Bromur de benzil
F2 92 5
F3 44 5+ imp.

Taula 26. Cromatografia flash del cru obtingut en la sintesi
de I'acid (R)-benziloxiciclohexilacétic (287)

No s’obté el producte d’interés.

1.2. Sintesi de (R)-hexahidromandelat de metil (288)

Es dissolen 304 mg d’acid (R)-hexahidromandélic (5) (1.9 mmol) en 40 ml de MeOH. A
aquesta dissolucio s’afegeixen 1.4 ml de clorur de tionil (19 mmol) gota a gota a t.a..
La mescla s’agita a t.a. durant 40 min. El dissolvent s’elimina a pressi6 reduida. L’oli
obtingut es dissol en 20 ml de DCM. Es realitzen rentats amb una dissolucié aquosa
saturada de NaHCO; (3 x 20 ml). La fase aquosa s’asseca sobre MgSQO, anhidre i el
dissolvent s’elimina a pressio reduida. S’obtenen 294 mg de (R)-hexahidromandelat de
metil (288) (1.7 mmol) (Rdt.: 89%).

IR (Film): 3484, 2928, 2854, 1736, 1450, 1261, 1220, 1175, 1145, 1118 cm™

"H-RMN (300 MHz, CDCls): 4.03 (1H, dd, J=3.5, 6.5 Hz, H2), 3.79 (3H, s, OCHs), 2.63
(1H, d, J=6.5 Hz, OH), 1.8-1.1 (11H, m, Hg,).

1.3. Sintesi de (R)-2-benziloxi-2-ciclohexilacetat de metil (289)

Es dissolen 260 mg (1.5 mmol) de (R)-hexahidromandelat de metil (288) en 750 pul de
DCM. A t.a. s’hi afegeix una dissoluci6 de 560 ul (758 mg, 3 mmol) de 2,2,2-
tricloroacetimidat de benzil en 4.5 ml d’hexa i a continuacié s’hi addicionen 10 pl (11
mg, 75 umol) d’acid triflic. La suspensid blanca que es forma es deixa en agitacio a t.a.
en la foscor durant 17 h. El solid blanc es filtra i es renta amb hexa. El filtrat es renta
amb 20 ml d’'una dissolucié aquosa saturada de NaHCO;. La fase aquosa resultant
s’extreu amb hexa (3 x 20 ml). Les fases organiques s’ajunten i s’assequen sobre
MgSO, anhidre. El dissolvent s’elimina a pressié reduida. La mescla obtinguda es
purifica per cromatografia flash fent servir com a eluent una mescla Cy:AcOEt (15:1
v/v). Les fraccions obtingudes es descriuen a la taula 27.

-158 -



PART EXPERIMENTAL

Fraccié | Massa/mg Productes
F1 52 Imp.
F2 364 289
F3 40 289 + imp.
F4 457 Imp.
F5 348 N-benziltricloroacetamida

Taula 27. Cromatografia flash del cru obtingut en la sintesi de 289.

Després de la separacié cromatografica duta a terme s’obtenen 364 mg (1.4 mmol)
d’'un oli incolor que correspon a (R)-2-benziloxi-2-ciclohexilacetat de metil (289) (Rdt.:
91%).

IR (Film): 3029, 2927, 2854, 1952, 1873, 1807, 1749, 1735, 1451, 1199, 1121, 735,
698 cm™’

1H-RMN (300 MHz, CDCls): 7.35-7.31 (5H, m, Hy), 4.68 (d, J=11 Hz, OCH,Ph), 4.36
(d, J=11 Hz, OCH,Ph), 3.75 (3H, s, OCHs), 3.72 (1H, d, J=6.5 Hz, H2), 1.8-1.1 (11H,
m’ HCy)

N-benziltricloroacetamida

IH-RMN (300 MHz, CDCl5): 7.41-7.31 (5H, m, H,,), 4.56 (d, J=11 Hz, CH,).

1.4. Sintesi de I'acid (R)-2-benziloxi-2-ciclohexilacétic (287)

Es dissolen 344 mg de (R)-2-benziloxi-2-ciclohexilacetat de metil (289) (1.3 mmol) en 4
ml de MeOH. A 0 °C s’hi afegeix 4 ml d’una dissolucié de 830 mg de KOH en aigua. La
dissolucié s’agita durant 4 h i 30 min. A continuacio, s’acidula amb una dissolucié de
HCIl 2 M. Es realitzen extraccions amb AcOEt (4 x 30 ml). Les fases organiques
s’ajunten, es renten amb 50 ml de salmorra i s’assequen sobre MgSO, anhidre. El
dissolvent s’elimina a pressié reduida. S’obtenen 307 mg (1.2 mmol) d’un oli incolor
que correspon a acid (R)-2-benziloxi-2-ciclohexilacétic (287) (Rdt.: 90%).

IR (Film): 3088, 3063, 3030, 2928, 2854, 1949, 1872, 1803, 1740, 1715, 1452, 1121,
735, 698 cm’

"H-RMN (300 MHz, CDCls): 7.35 (5H, m, Hay), 4.69 (d, J=11.5 Hz, OCHaPh), 4.49 (d,
J=11.5 Hz, OCHbPh), 3.81 (1H, d, J=5 Hz, H2), 1.8-1.1 (11H, m, Hc,).

BC-RMN (75.5 MHz, CDCl;): 176.2/s COOH, 136.9/s C,, [128.3/d, 128.0/d, CH,]
82.5/d C2, 73.1/t OCH,, 41.1/d CHcy, [29.2/t, 27.8/t, 26.1/t, 26.1/t, 26.0/t, CH,,¢,]

EM-1Q: 249 (IM+H]", 4), 203 (6), 181 (15), 180 (6), 179 (4), 142 (13), 123 (5), 107 (8),
95 (5), 92 (9), 91 (100).

EM-AR: trobat 249.1482 [M+H]" (calc. 249.1491, C45H5105)

-159 -



PART EXPERIMENTAL

1.5. Sintesi del compost 290

Es mesclen 399 mg (1.5 mmol) de 4’,7,8-trihidroxiflavona (286) amb 280 ul (339 mg,
1.5 mmol) de a,a-diclorodifeniimeta 97%. La mescla s’escalfa durant 10 min a 170 °C
sota atmosfera inerta. El solid taronja format es renta amb cloroform, amb acetona i
s’asseca a pressio reduida. S’obtenen 597 mg (1.4 mmol) de 290 (Rdt.: 93%).

IR (Pastilla KBr): 3407, 3082, 3064, 1602, 1564, 1530, 1465, 1448, 1246, 1173 cm™.

"H-RMN (300 MHz, (CD;),CO): 7.97 (2H, m, H2’,H6’), 7.72 (1H, d, J=8.5 Hz, H5), 7.71-
7.68 (4H, m, Henio), 7.53-7.46 (6H, m, Heniimp), 7.16 (1H, d, J=8.5 Hz, H6), 7.06 (2H,
m, H3',H5'), 6.66 (1H, s, H3).

BC-RMN (75.5 MHz, d6-DMSO): 175.5/s C4, 162.1/s C2, 160.9/s C4’, 150.6/s C7,
140.1/s C8, 138.5/s Cppjpso, 133.4/s C9, 129.7/d Cphpara, 128.6/d Cphoro, 128.1/d
C2',C6’, 125.9/d Cpnmeta, 121.1/q C1’, 119.5/q Cgp3, 119.3/d C5, 119.2/q C10, 115.9/d
C3',C5’, 107.2/d C6, 104.3/d C3.

EM-ESI-TOF: 565 (1113), 537 (2196), 457 (1860), 447 (1415), 436 (11162), 435
(34110), 325 (1389), 308 (2639), 307 (17452), 291 (1932), 281 (1237), 272 (3619), 271
(19784), 246 (2240), 245 (15324), 233 (1778).

EM-AR: trobat 435.1227 [M+H]" (calc. 435.44, CysH190s)

1.6. Sintesi del compost 291

1.6.1. Sintesi de propionat de fenil

Es dissolen 400 ul d’acid propionic 99% (5.3 mmol) en 25 ml de THF. Sota atmosfera
inerta s’hi addicionen 750 ul de TEA (5.3 mmol) i 880 ul de clorur de
2,4 6-triclorobenzoil 97% (5.3 mmol). El sistema es deixa en agitacié a t.a durant 5 h.
El solid blanc precipitat es separa per filtracié i el dissolvent s’elimina a pressio
reduida. L’oli resultant es dissol en 12 ml de tolué sec. Sota atmosfera inerta s’hi
addicionen 275 mg (2.2 mmol) de DMAP i 500 mg (5.3 mmol) de fenol. La mescla
s’agita a t.a. durant 46 h. Tot seguit, s’hi afegeixen 15 ml de AcOEt. Es realitzen
rentats amb una dissolucié aquosa saturada de NaHCO; (3 x 30 ml), 30 ml d’aigua i 50
ml de salmorra. La fase organica s’asseca amb MgSO, anhidre. El dissolvent s’elimina
a pressié reduida. S’obtenen 2.07 g d’'una mescla que es purifica per cromatografia
flash (Cy:AcOEt (50:1 v/v)). Les fraccions obtingudes es descriuen a la taula 28.

Fraccio | Massa/mg Productes
F1 433 Anhidrid 2,4,6-triclorobenzoic
F2 484 Propionat de fenil

Taula 28. Cromatografia flash del cru obtingut en la sintesi de propionat de fenil.
S’obtenen 484 mg (3.2 mmol) de propionat de fenil (Rdt.:60%).

IH-RMN (300 MHz, CDCl;): 7.41-7.06 (5H, m, Ar), 2.60 (2H, q, J=7.5 Hz, H2), 1.27
(3H, t, J=7.5 Hz, H3).
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Anhidrid 2,4,6-triclorobenzoic

IR (film evap. CHCIs): 3085, 1828, 1815, 1758, 1577, 1549, 1371, 1524, 1210, 1188,
1081, 1005, 991, 859, 823 cm™.

IH-RMN (300 MHz, CDCl5): 7.39 (s, H3,H3’,H5,H5").

1.6.2. Intent de sintesi del compost 291 pel métode de Yamaguchi en tolué

Es dissolen 289 mg (1.1 mmol) de 287 en 6 ml de THF. Sota atmosfera inerta s’hi
addicionen 180 pl (1.1 mmol) de clorur de 2,4,6-triclorobenzoil i 170 ul de TEA. El
sistema es deixa en agitacio a t.a. sota atmosfera inerta durant 135 min. El solid blanc
format es separa per filtracié i es renta amb THF. El dissolvent del filtrat s’elimina a
pressié reduida. El residu format es dissol en 3 ml de tolué. Sobre aquesta dissolucid
s’hi addiciona una suspensié de 508 mg de 290 (1.1 mmol) i 63 mg de DMAP en 4.5
ml de tolué. El sistema es deixa en agitacio a t.a. sota atmosfera inerta durant 4 dies. A
continuacio, es deixa evolucionar a 80 °C durant 17 h. El solid present en el cru de
reaccio es filtra i s’identifica com una mescla de flavonoides que no corresponen al
producte d’interés. El dissolvent del filtrat s’elimina a pressio reduida. S’obtenen 811
mg d’un oli que es purifica per cromatografia flash fent servir com a eluent una mescla
Cy:DCM (1:5 v/v) (taula 29).

Fraccié | Massa/mg Productes
F1 293 Imp.
F2 74 291 (83%) + Imp. (17%)
F3 336 Imp.

Taula 29. Cromatografia flash del cru obtingut en la sintesi de 291.

S’obtenen 74 mg d’una fraccié on s’observa el producte d’interés 291 impurificat amb
una altra estructura flavonoidea en una relacié 5:1. La quantitat de 291 en aquesta
fraccio seria de 60 mg (0.1 mmol) (Rdt = 10%).

1.6.3. Intent de sintesi del compost 291 pel métode de Yamaguchi en piridina

Es dissolen 57 mg (230 umol) de 287 en 1 ml de THF. Sota atmosfera inerta s’hi
addicionen 40 pl (240 umol) de clorur de 2,4,6-triclorobenzoil i 35 ul de TEA. El
sistema es deixa en agitacié a t.a. sota atmosfera inerta durant 1 h. El solid blanc
format es separa per filtracid i es renta amb THF. El dissolvent del filtrat s’elimina a
pressio reduida. El residu format es dissol en 1 ml de py. Sobre aquesta dissolucié s’hi
addiciona una suspensio de 100 mg de 290 (220 umol) i 15 mg de DMAP en 1 ml de
py. El sistema es deixa en agitaci6 a t.a. sota atmosfera inerta durant 3 dies. A
continuacio, es deixa evolucionar a 40 °C durant 24 h. El cru de reaccid s’elueix
directament per un llit de 30 g de SiO, i fent servir com a eluent una mescla Cy:AcOEt
(4:1). El dissolvent de la dissolucié obtinguda s’elimina a pressié reduida. S’obtenen
150 mg d’un oli que es purifica per cromatografia flash emprant com a eluent una
mescla Cy:DCM (1:5 v/v). Les fraccions obtingudes es detallen a la taula 29.
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Fraccié | Massa/mg Productes
F1 5 Imp.
F2 60 291 + 290 + Imp.
F3 20 287
F4 25 Imp.

Taula 30. Cromatografia flash del cru obtingut en I'intent de sintesi de 291
pel métode de Yamaguchi en Py.

S’obtenen 60 mg d’'una mescla complexa, en la que s’identifica el producte d’interés,
que no s’investiga posteriorment.

1.6.4. Intent de sintesi del compost 291 pel métode de Yamaguchi en THF

Es dissolen 50 mg (0.2 mmol) de 287 en 5 ml de THF. Sota atmosfera inerta s’hi
addicionen 30 pl (0.2 mmol) de clorur de 2,4,6-triclorobenzoil i 30 ul de TEA. El
sistema es deixa en agitaci6 a t.a. sota atmosfera inerta durant 90 min. El sdlid blanc
format es separa per filtracié i es renta amb 5 ml de THF. Sobre el filtrat s’hi afegeix
una dissolucié de 130 mg de 290 (0.3 mmol) i 40 mg de DMAP en 5 ml de THF. El
sistema es deixa en agitaci6 a t.a. sota atmosfera inerta durant 15 h. El solid format es
separa per filtracié. El filtrat es dilueix amb THF fins a 30 ml, es renta amb una
dissolucié aquosa saturada de NH,Cl (2x30 ml), i s’asseca sobre MgSO, anhidre. El
dissolvent s’elimina a pressio reduida. S’obtenen 70 mg d’un residu que es tracta amb
Cy. EIl sdlid blanc precipitat es separa per filtracid i s’asseca a pressié reduida.
S’obtenen 47 mg d’'un solid que s’identifica com a 292. El dissolvent del filtrat s’elimina
a pressid reduida i s’asseca a pressid reduida. S’obté un cru complex que no
s’investiga posteriorment.

Compost 292
IH-RMN (300 MHz, ds-DMSO): 8.24 (2H, m, H2',H6’), 7.99 (2H, s, CHrriciorobenzoil), 7-68

(1H, d, J=8.5 Hz, H6), 7.65-7.62 (4H, M, Hreniro), 7.55 (2H, m, H3',H5'), 7.51-7.49 (6H,
M, Heenimp), 7.30 (1H, d, J=8.5 Hz, H5), 7.03 (1H, s, H3).

1.6.5. Intent de sintesi del compost 291 amb el métode de Steglich
Propionat de fenil

Es dissolen 500 mg (5.3 mmol) de fenol, 345 ul d’acid propionic 99% (6,5 mmol), 1.86
g de DCC 99% (8,1 mmol) i 82 mg de DMAP 98% (0,7 mmol) en 50 ml de AcOEt. La
mescla s’agita a t.a. durant 32 h. S’hi afegeixen 152 mg de DMAP. La mescla s’agita a
t.a. durant 88 h més. S’hi afegeixen 50 ml de AcOEt. La fase organica resultant es
renta amb una dissolucié aquosa saturada de NaHCO; (3 x 50 ml) i amb 50 ml de
salmorra i s'asseca amb MgSO, anhidre. El dissolvent s’elimina a pressio reduida.
S’obtenen 1.82 g d’'una mescla que es purifica per cromatografia flash (Cy:AcOEt,
(20:1 v/v)). S’obtenen 395 mg (2.6 mmol) de propionat de fenil (Rdt.:53%).
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Intent de sintesi de 291
Experiéncia 1

Es dissolen 47 mg (0.1 mmol) de 290 i 28 mg (0.1 mmol) de 287 en 4 ml de THF. S’hi
afegeixen 20 mg (0.1 mmol) de DCC i 5 mg (0.04 mmol) de DMAP sobre el sistema en
agitacio sota atmosfera inerta a t.a.. El sistema es deixa en agitacié a t.a. durant 5
dies. S’hi afegeixen 10 mg de DMAP i 40 mg de DCC. El sistema es deixa en agitacio
a ta. durant 2 dies més. El solid groguenc precipitat es separa per filtracié i el
dissolvent del filtrat s’elimina a pressié reduida. S’obtenen 71 mg d’un c.c. que no
s’investiga posteriorment.

Experiéncia 2

Es dissolen 59 mg (0.1 mmol) de 290 i 41 mg (0.1 mmol) de 287 en 4 ml de THF. S’hi
afegeixen 46 mg (0.1 mmol) de DCC i 8 mg (0.04 mmol) de DMAP sobre el sistema en
agitacio sota atmosfera inerta a t.a.. El sistema es deixa en agitacié a t.a. durant 7
dies. El solid groguenc precipitat es separa per filtracid i el dissolvent del filtrat
s’elimina a pressido reduida. S’obtenen 71 mg dun solid que es purifica per
cromatografia flash emprant com a eluent una mescla Cy:AcOEt (10:1 v/v). En cap de
les fraccions recollides es detecta el producte d’interés.

Experiéncia 3

Es dissolen 25 mg (0.1 mmol) de 290 i 44 mg (0.1 mmol) de 287 en 5 ml de THF. S’hi
afegeixen 5 mg (0.04 mmol) de DMAP. El sistema es refreda a 0 °C. S’hi afegeixen 25
mg (0.05 mmol) de DCC en porcions en 5 mg. El sistema es deixa evolucionar fins a
t.a. amb agitacié sota atmosfera inerta durant 5 hores. S’hi afegeixen 10 mg de DMAP
i 27 mg de DCC i es deixa evolucionar el sistema en agitacié a t.a. sota atmosfera
inerta durant 7 dies. El solid format es separa per filtracié i el dissolvent del filtrat
s’elimina a pressidé reduida. S’obtenen 123 mg dun c.c. que no s’investiga
posteriorment.

1.6.6. Intent de sintesi del compost 291 amb 1,1’-carbonildiimidazole (CDI)

Es dissolen 86 mg (0.5 mmol) de 5 i 104 mg (0.6 mmol) de CDI en 15 mg de THF. El
sistema es deixa evolucionar en agitacié a t.a. (taula 30) durant 17 h en condicions
anhidres sota atmosfera inerta. S’hi afegeix una dissolucié de 20 mg (0.2 mmol) de
fenol en 2 ml de THF i el sistema s’escalfa a reflux durant 17 h. A continuacio, s’hi
afegeix una dissoluciéo de 40 mg (0.4 mmol) de fenol en 2 ml de THF i el sistema
s’escalfa a reflux durant 4 dies. No s’observa evoluci6 dels reactius.

Es repeteixen les mateixes condicions deixant evolucionar el sistema escalfant a
reflux. De nou, no s’observa evolucio dels reactius.

1.6.7. Sintesi del compost 291 amb diclorur d’oxalil i DMF

Es dissolen 26 mg (0.1 mmol) de 287 en 1.5 ml de DCM. A 0 °C sota atmosfera inerta
s’hi afegeixen 20 pl (25 mg, 0.2 mmol) de diclorur d’oxalil i 10 ul de DMF. El sistema es
deixa evolucionar en agitacid durant 30 min a 0 °C sota atmosfera inerta. A
continuacio, el dissolvent s’elimina a pressié reduida i el residu que es forma s’asseca
a pressio reduida. Tot seguit, I'oli obtingut es dissol en 2 ml de THF i s’afegeix a una
dissolucié de 43 mg (0.1 mmol) de 290 i de 20 pl (0.2 mmol) de TEA en 7 ml de THF. A
continuacio, s’hi afegeixen 10 mg de DMAP. El sistema es deixa evolucionar en
agitacio a t.a. sota atmosfera inerta durant 5 h. El solid format es separa per filtracio i
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el dissolvent del filtrat s’elimina a pressié reduida. S’obtenen 60 mg d’un solid que es
separa per cromatografia flash fent servir com a eluent una mescla Cy:AcOEt (3:1 v/v).
S’obtenen 38 mg (57 umol) d’un solid blanc que correspon a 291 (Rdt.=57%).

IR (film evap. CHCIs): 3036, 3032, 2928, 2854, 1769, 1655, 1631, 1600, 1498, 1451,
1417, 1387, 1341, 1301, 1273, 1210, 1183, 1169, 1115, 1090, 1018, 699 cm"".

IH-RMN (300 MHz, CDCl3): 7.98 (2H, m, H2',H6’), 7.81 (1H, d, J=8.5 Hz, H6), 7.66-
7.63 (4H, M, Heeniio), 7.44-7.33 (12H, M, Hrenitmp, Hbenzil cadena), 7.26 (2H, m, H3’,H5’),
7.03 (1 H, d, J=8.5 Hz, H5), 6.70 (1H, s, H3), 4.80 (1H, d, J=11.5 Hz, OCH,Ph), 4.54
(1H, d, J=11.5 Hz, OCH,Ph), 3.97 (1H, d, J=5.5 Hz, C2”), 1.93-1.26 (11H, m, Hc,).

BC-RMN (75.5 MHz, CDCl3): 176.4/s C4, 170.8/s C1”, 162.1/s C2, 153.9/s C7, 152.2/s
C4’, 140.2/s C7, 140.0/s C8, 138.8/s Cpnipso, 130.4/d C2’,C6’, 130.1/s C9, 129.2/d
Cehmetar 129.0 Cotmeta, 128.8/5 Cpiy jpsor 128.7/d Cry.orior 128.5/d Cpn paras 128.4/d Cery paras
128.3/d C1’, 126.9/d Cpp om0, 123.3/d C3',C5’, 120.8/s C10, 120.4/d C5, 107.9/d C86,
107.5/d C3, 83.4/d C2”, 73.2/t OCH,, 42.1/d CHcy, [29.9/t, 28.9/t, 26.9/t, 26.8/t, 26.71t,
CHZ!CY]'

EM-1Q: 666 ([M+H]", 9), 436 (18), 272 (8), 184 (36), 182 (9), 169 (11), 168 (14), 167
(14), 135 (8), 121 (10), 120 (10), 113 (9), 111 (9), 108 (9), 107 (100), 106 (9), 105 (30),
97 (10), 95 (64), 93 (31), 92 (19), 91 (86), 83 (14), 81 (10), 79 (53).

EM-AR: trobat 665.2545 [M+H]", (calc. 655.2539, C43H3,07).
1.6.8. Intent de sintesi del compost 283
1.6.8.1. Desproteccio del compost 290

Es dissolen 30 mg (70 umol) de 290 en 5 ml de THF. S’hi afegeixen 70 mg de Pd/C
10%. El sistema es deixa evolucionar sota agitacio vigorosa a t.a. sota atmosfera de H;
amb una pressié de 1 atm durant 24 h. El cru de reaccié es posa sota atmosfera d’Ar i
el solid present en el cru de reaccio es filtra sobre un llit de celite i es renta amb THF.
El dissolvent del filtrat s’elimina a pressié reduida. Se’n fa una digestié en fred amb
una mescla Cy:AcOEt (2:1 v/v). El sdlid residual es separa per filtracio i es renta amb
Cy. Es fa una digestio del solid amb acetona i el solid romanent es separa per filtracio.
El dissolvent del filtrat s’elimina a pressié reduida i el residu es purifica per
cromatografia preparativa. S’obtenen 17 mg (63 umol) de 286 (Rdt.=90%).

1.6.8.2. Intent de desproteccié completa del compost 291

Es dissolen A mg (B umol) de 291 en 5 ml de THF. S’hi afegeixen C mg de Pd/C 10%.
El sistema es deixa evolucionar sota agitacio vigorosa a t.a. sota atmosfera de H, amb
una pressio de 1 atm durant D h. El cru de reaccioé es posa sota atmosfera d'Ar i el
solid present en el cru de reacci6 es filtra sobre un llit de celite i es renta amb THF.
S’obtenen 6 mg d’un cru que es purifica per cromatografia preparativa fent servir com
a eluent una mescla Cy:AcOEt (1:2 v/v). Cap de les fraccions obtingudes conté el
producte d’interés.

Exp. A (mg 315) B (umol 315) C (mg de Pd/C 10%) | D (temps)
1 11 11 10 19
2 15 23 32 8
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2. INTENT DE SINTESI DEL COMPOST 284
2.1. Sintesi de benzoilacetat de metil (302)

Es dissolen 5.01 g (26 mmol) de benzoilacetat d’etil (303) i 200 ml de H,SO4yen 60 ml
de MeOH. El sistema s’escalfa a reflux durant 20 h. A continuacio, el cru de reaccid es
dilueix amb 50 ml d’aigua. Es realitzen extraccions amb CHCI; (3x20 ml). Les fases
organiques s’ajunten i s’assequen sobre MgSO, anhidre. El dissolvent s’elimina a
pressio reduida. S’obtenen 4.23 g d’'un cru que es purifica per destil-lacié a pressio
reduida. S’obtenen 2.63 g (15 mmol) de benzoilacetat de metil (302) (Rdt.=58%).

IH-RMN (300 MHz, CDCl3): 7.97-7.94 (2H, m, CHmroma cetonica)s 7-80-7.77 (2H, m,
CHm,forma enblica), 7.64-7.58 (3H1 m, CHo,p,forma enc‘)lica)a 7.52-7.42 (3H1 m, CHo,p,forma cet(‘)nia),
5.68 (1H, S, COCHforma enOIica), 4.02 (ZH, S, CH2,forma ceténica), 3.81 (3Hs S, OCHS forma enélica),
376 (3H, S, OCH3 forma cet(‘)nica)-

La relacié entre la forma cetonica i la forma endlica és de 4:1.

2.2. Intent de sintesi del compost 300
2.2.1. Preparacio del parell Zn/Cu

S’addicionen 4.90 g (75 mmol) de Zn sobre 20 ml d’aigua desoxigenada. Tot seguit,
s’hi afegeixen 374 mg (2.4 mmol) de sulfat de coure (lI) CuSO,4. La mescla es deixa
evolucionar sota agitacié sota una corrent de N, durant 10 min. A continuacié, el solid
es separa per filtraci6 sota una atmosfera de N,. El solid es renta amb aigua
desoxigenada, acetona i éter de petroli. S'obtenen 4.71 g del parell Zn/Cu, que es
conserven sota atmosfera inerta.

2.2.2. Intent de sintesi del compost 300

Es pesen 20 mg (0.13 mmol) de TiCl; i 30 mg del parell Zn/Cu sota atmosfera inerta.
S’hi afegeixen 2 ml de DME. El sistema s’escalfa a reflux durant 1 h sota atmosfera
inerta. A continuacid, s’hi afegeix una dissolucié de 1 g de 301 i 1.34 g de 302 en 5 ml
de DME. El sistema s’escalfa a reflux durant 20 h sota atmosfera inerta. A continuacio,
s’afegeixen 110 mg de gel de silice i el sistema s’agita durant 15 min. El solid es
separa per filtracio i el dissolvent del filtrat es destil-la a pressio reduida. En el residu
obtingut no s’observa evolucié dels reactius de partida.

2.2.3. Sintesi del compost 304

El Zn s’activa previament tractant-lo amb acid clorhidric concentrat, separant-lo per
filtraci6 i rentant-lo amb aigua i acetona.

Experiéncia 1

Es pesen 500 mg (3 mmol) de TiCl;, 393 mg (6 mmol) de Zn activat, 60 mg (0.6 mmol)
de CuCl sota atmosfera inerta. S’hi afegeixen 5 ml de DME. El sistema s’escalfa a
reflux durant 1 h sota atmosfera inerta. A continuacié, s’hi afegeix una dissolucié de 20
mg (0.15 mmol) de 301 en 20 ml de DME. El sistema s’escalfa a reflux durant 20 h
sota atmosfera inerta. El solid es separa per filtracio i el dissolvent del filtrat es destil-la
a pressio reduida. En el residu obtingut no s’observa evolucié dels reactius de partida.
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Experiéncia 2

Es reprodueix la metddica anterior addicionant 10 ml d’'una dissolucié aquosa de
K.CO3; 10% després d’haver deixat evolucionar el sistema escalfant a reflux durant 48
h. De nou, en el cru complex obtingut no es detecta el producte d’interes.

Experiéncia 3

S’addicionen gota a gota 1.93 g (8 mmol) de TiCl, sobre 30 ml de THF en agitacié a 0
°C sota atmosfera inerta. S’hi afegeixen 970 mg (15 mmol) de Zn activat en porcions i
a continuacié 1 ml de py. Tot seguit, s’hi afegeix 1 g (7.5 mmol) de 301 dissolt en 5 ml
de THF. El sistema s’escalfa a reflux durant 20 h sota atmosfera inerta. A continuacio,
el sistema es deixa refredar fins a t.a.. S’hi afegeixen 50 ml d’'una dissolucié aquosa de
Na,CO;3; 10% en porcions. El solid format es separa per filtracio i el solid filtrat es renta
amb Et,0. La fase aquosa del filtrat es s’extreu amb 25 ml de Et,0. Les fases
organiques s’ajunten i es renten amb acid clorhidric 0.1 N (2x30 ml) i amb aigua (2x30
ml). La fase organica s’asseca sobre MgSO, anhidre i el dissolvent es destil-la a
pressio reduida. En el cru obtingut no es detecta el producte d’interés.

Experiéncia 4

Es pesen 13.1 g de Zn activat (0.2 mol) i 2.0 g de CuCl (20 mmol) i es mesclen amb
250 ml de THF. Sota atmosfera inerta s’hi afegeixen, gota a gota, 11 ml de TiCl,. El
sistema s’escalfa a reflux durant 3 h sota atmosfera inerta. Tot seguit, s’hi afegeix, gota
a gota durant 10 min, una dissolucié de 670 mg (5 mmol) de 301 dissolt en 5 ml de
THF. El sistema s’escalfa a reflux durant 20 h sota atmosfera inerta. A continuacié, s’hi
afegeixen 50 ml d’'una dissolucié aquosa de K,CO; 10%. El solid negre-blavos format
es separa per filtracio. El filtrat s’asseca sobre MgSQO, anhidre i el dissolvent es
destil-la a pressio reduida. El cru obtingut es purifica per cromatografia flash fent servir
com a eluent una mescla Cy:AcOEt (20:1). S’aillen 389 mg (3 mmol) de 304
(Rdt.=58%).

IR (film CHCIs): 3078, 3057, 3025, 2964, 2931, 2872, 1943, 1872, 1802, 1744, 1667,
1599, 1575, 1491, 1452, 1442, 1374, 1315, 1280, 1067, 1029, 762, 699 cm"".

*H-RMN (300 MHz, CDCl3): 7.08-6.92 (10 H, m, Hay), 2.56 (4H, g, J=7.0 Hz, CH,), 0,97
(6H, t, J=7.0 Hz, CH3).

2.2.4. Intent de sintesi del compost 300

Es pesen 13.1 g de Zn activat (0.2 mol) i 2.0 g de CuCl (20 mmol) i es mesclen amb
250 ml de THF. Sota atmosfera inerta s’hi afegeixen, gota a gota, 11 ml de TiCl,. El
sistema s’escalfa a reflux durant 3 h sota atmosfera inerta. Tot seguit, s’hi afegeix, gota
a gota durant 10 min, una dissolucié de 537 mg (4 mmol) de 301 i 237 mg de 302 (1.3
mmol) dissolt en 5 ml de THF. El sistema s’escalfa a reflux durant 20 h sota atmosfera
inerta. A continuacid, s’hi afegeixen 50 ml d’'una dissolucié aquosa de K,CO3; 10%. El
solid negre-blavos format es separa per filtracié. El filtrat s’asseca sobre MgSO,
anhidre i el dissolvent es destil-la a pressié reduida. El cru obtingut es purifica per
cromatografia flash fent servir com a eluent una mescla Cy:AcOEt (20:1). S’aillen 413
mg (3 mmol) de 318 impurificats i a més no es detecta el producte d’interes.
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2.2.5. Intent de sintesi del compost 305

Es pesen 13.1 g de Zn activat (0.2 mol) i 2.0 g de CuCl (20 mmol) i es mesclen amb
250 ml de THF. Sota atmosfera inerta s’hi afegeixen, gota a gota, 11 ml de TiCl,. El
sistema s’escalfa a reflux durant 3 h sota atmosfera inerta. Tot seguit, s’hi afegeix, gota
a gota durant 10 min, una dissolucié de 890 mg (5 mmol) de 302 dissolt en 5 ml de
THF. El sistema s’escalfa a reflux durant 20 h sota atmosfera inerta. A continuacié, s’hi
afegeixen 50 ml d’'una dissolucié aquosa de K,CO3 10%. El solid format es separa per
filtraci6. El filtrat s’asseca sobre MgSO, anhidre i el dissolvent es destil-la a pressio
reduida. En el cru obtingut no es detecta evolucio dels reactius.

- 167 -



PART EXPERIMENTAL

3. INTENT DE SINTESI DEL COMPOST 285
3.1. Sintesi del compost 308
Experiéncia 1

Es dissolen 200 mg (1.3 mmol) d’acid (R)-hexahidromandélic (5) en 5 ml de DMSO
anhidre. S’afegeixen 2 equivalents de NaH 60% (102 mg), suspesos en 1 ml de DMSO
anhidre, i es deixa agitant durant 10 min a t.a. sota atmosfera inerta. Tot seguit,
s’addicionen lentament 4 equivalents de iodur de metil (710 mg) i el sistema es deixa
evolucionar amb agitacié durant 20 min. A continuacio, la mescla de reaccié s’extreu
amb Cy (3x25 ml). Les fases organiques s’ajunten i la fase organica resultant s’asseca
sobre MgSQO, anhidre. El dissolvent es destil-la a pressié reduida. S’obtenen 173 mg
d’'una mescla 1:1 dels compostos 288 i 308 (identificada per 'H-RMN).

Experiéncia 2

Es dissolen 200 mg (1.3 mmol) d’acid (R)-hexahidromandélic (5) en 5 ml de THF sec.
S’afegeixen 2 equivalents de NaH 60% (102 mg), suspesos en 1 ml de THF sec i es
deixa agitant durant 1 h a t.a. i sota atmosfera inerta. Tot seguit, s’addicionen
lentament 5 equivalents de iodur de metil (897 mg) i el sistema es deixa evolucionar
amb agitacié durant 2 dies. A continuacié, el solid format es separa per filtracio i
s’elimina el dissolvent a pressio reduida. S’obtenen 194 mg d’un c.c..

Experiéncia 3

Es dissolen 200 mg (1.3 mmol) d’acid (R)-hexahidromandélic (5) en 5 ml de DMSO
anhidre. S’afegeixen 2.5 equivalents de NaH 60% (127 mg), suspesos en 1 ml de
DMSO anhidre, i es deixa agitant durant 30 min a t.a. sota atmosfera inerta. Tot seguit,
s’addicionen lentament 5 equivalents de iodur de metil (897 mg) i el sistema es deixa
evolucionar amb agitacio durant 3 h. A continuacio, la mescla de reaccié s’extreu amb
Cy (3x25 ml). Les fases organiques s’ajunten i la fase organica resultant es renta amb
aigua (2x25ml) i amb salmorra (2x25 ml) i s’asseca sobre MgSQ, anhidre. El dissolvent
es destil-la a pressié reduida. S’obtenen 212 mg d’'una mescla 1:2 dels compostos 288
i 308 (identificada per 'H-RMN).

Experiéncia 4

La reaccio anterior es reprodueix afegint 3 equivalents de NaH 60% (153 mg). De nou,
s’obtenen 221 mg d’una mescla 1:4 dels compostos 288 i 308 (identificada per 'H-
RMN).

Experiéncia 5

La reacci6é anterior es reprodueix, elevant la proporcié de NaH 60% afegit fins 3.5 eq
(179 mg) respecte la quantitat afegida de 5. S’obtenen 600 mg d’un oli groguenc que

correspon a 308 amb un rendiment quantitatiu.

IR (film CHCI5): 2987, 2928, 2854, 2829, 1752, 1737, 1450, 1265, 1196, 1179, 1130,
1117, 1006 cm™.

"H-RMN (300 MHz, CDCI5): 3.80 (3H, s, COOCHS3), 3.53 (1H, d, J=5.0 Hz, H-C2), 3.36
(1H, s, C2-OCHs), 1.74-1.11 (11H, m, Cy).
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3.2. Sintesi del compost 307

Es dissolen 544 mg (2.9 mmol) de 308 en 10 ml d’'una dissolucié 1 M de KOH/EtOH. El
sistema es manté en agitacié a t.a. durant 24 hores. La mescla de reaccié es
neutralitza amb una dissolucié de HCI al 10% fins a pH = 3 — 4. Tot seguit, s’afegeixen
10 ml d’aigua desionitzada i s’elimina el EtOH a pressio reduida. El residu obtingut es
tracta amb 20 ml d’aigua i es realitzen extraccions amb AcOEt (4x30 ml). Les fases
organiques s’ajunten i la fase organica resultant es renta amb 50 ml de salmorra i
s’asseca sobre MgSO, anhidre. El dissolvent es destil-la a pressié reduida. S‘obtenen
461 mg g (2.7 mmol) d’un oli corresponent a 307 (Rdt.:92 %).

IR (1film CHCI5): 3420-2560 (ample), 2987, 2929, 2855, 1719, 1451, 1196, 1179, 1118
cm .

"H-RMN (300 MHz, CDCls): 3.59 (1H, d, J=5.0 Hz, H-C2), 3.44 (1H, s, OCHj), 1.77-
1.20 (11H, m, Cy).

3.3. Sintesi del compost 309
Experiéncia 1

Es dissolen 1.801 g (0.01 mol) de 3,4—dimetoxiacetofenona (310) i 1.221 g (0.01 mol)
de p-hidroxibenzaldehid (311) en 200 ml d’etanol. A continuacié s’afegeixen amb
agitacio 200 ml d’una dissolucié aquosa de KOH al 50%. La mescla de reaccio es
deixa evolucionar en agitacié durant 72 h. Posteriorment, s’afegeixen 50 ml d’aigua a
0 °C i s’ajusta el pH a 3-4 mitjangant una dissolucié aquosa de HCI 2 M. A continuacio
es destil-la el EtOH a pressié reduida i es fan extraccions amb AcOEt (3x50 ml). Les
fases organiques s’ajunten i la fase organica resultant es renta amb salmorra (3 x 20
ml), s’asseca sobre MgSO, anhidre i finalment se’n destil-la el dissolvent a pressio
reduida. S’obtenen 3.50 g d’'un cru de color vermellés que es purifica mitjangant
cromatografia flash (SiO,, Cy/AcOEt (7:3)). Les fraccions obtingudes es descriuen a la
taula 31.

Fraccions | Quantitat (g) Assignacio
F1 0.19 310 + imp.
F2 0.26 311
F3 1.09 Imp.
F4 0.56 309 + imp.

Taula 31. Cromatografia flash del cru obtingut en la sintesi de 309.
S’obtenen 560 mg de 309 impurificat amb un rendiment aproximat del 20%.
Experiéncia 2

Es dissolen 1.801 g (0.01 mol) de 3,4—dimetoxiacetofenona (310) i 1.221 g (0.01 mol)
de p-hidroxibenzaldehid (311) en 50 ml de MeOH. Seguidament, s’afegeixen 3 g de
H,SO, concentrat i el sistema es deixa en agitacié a reflux durant 24 h. A continuacié
s’addiciona una dissolucié de NaOH al 15 % fins a un pH de 3-4. El dissolvent es
destil-la a pressid reduida. A continuacid, es realitzen extraccions amb AcOEt
(3x40 ml). Les fases organiques s’ajunten i la fase organica resultant es renta amb
salmorra, s’asseca sobre MgSO, anhidre. El dissolvent es destil-la a pressié reduida.
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S’obtenen 3.53 g d'un cru de color groguenc que es purifica mitjangant cromatografia
flash (SiO,, Cy:AcOEt (3:1)). S’'obtenen 1.49 g (5.2 mmol) de 309 (Rdt.: 52%).

IR (film CHCI3): 3213, 3084, 3020, 2962, 2937, 2839, 1644, 1596, 1583, 1562, 1512,
1463, 1448, 1419, 1334, 1262, 1246, 1201, 1166, 1148, 1023 cm™.

*H-RMN (300 MHz, CDCls): 7.79 (2H, d, J=15.5 Hz, -CH=CH-C(=0)-), 7.69 (1H,
J=2.0,8.5 Hz, H-C6'), 7.62 (1H, d, J=2.0 Hz, H-C2), 7.56 (2H, m, H-C2, H-C8), 7.44
(1H, d, J=15.5 Hz, -CH=CH-C(=0)-), 6.94 (2H, d, J=8.5 Hz, H-C5’), 6.91 (2H, m, H-C3,
H-C5), [3.97 (3H, s), 3.96 (3H, s), Ar-OCHg].

BC.RMN (75.5 MHz, CDCly): 189.3/s —C(=0)-CH=CH-, 158.5/s C4, 153.1/s C4’,
149.0/s C3', 144.5/d C(=0)-CH=CH, 131.2/s C1’, 130.4/d C2,C6, 127.3/s C1, 123.0/d
C6’, 118.9/d -CH=CH-C(=0)-, 116.0/d C3,C5, 110.8/d C5’, 109.9/d C2, [56.1/q, 56.0/q,
OCH3].

EM-1Q: 325 (24), 315 (12), 314 (28), 313 (81), 299 (16), 287 (60), 286 (78), 285 (100),
284 (67), 283 (12), 271 (18), 269 (12), 193 (12), 191 (41), 181 (27), 167 (23), 166 (19),
165 (97), 149 (18), 147 (58), 139 (32), 137 (18), 135 (15), 123 (15), 121 (47), 107 (30),
95 (17).

EM-AR: trobat 285.1126 [M+H]", (calc. 285.1127, C17H1704).

3.4. Sintesi del compost 312

Es dissolen 2.74 g (16 mmol) de 307 en 93 ml de THF sec. Sota atmosfera inerta s’hi
addicionen 2.2 ml de TEA (16 mmol) i a continuaci6 2.6 ml de clorur de
2,4 ,6-triclorobenzoil (16 mmol). El sistema es manté en agitacio a t.a. durant 30 min. El
solid blanc precipitat es separa per filtracid. El dissolvent del filtrat es destil-la a pressié
reduida. L’oli obtingut es dissol sota atmosfera inerta en 46 ml de dioxa sec. Sota
atmosfera inerta s’hi addicionen 70 ml d’'una dissolucié de 3.72 g (13 mmol) de 309 i
3.35 g (27 mmol) de DMAP en dioxa. El sistema es manté en agitacio a t.a. durant 16
hores. Tot seguit, el cru de reaccié es dilueix amb 200 ml d’AcOEt. La fase organica
resultant es renta amb una dissolucié aquosa saturada de NaHCO; (3x200 ml), es
renta amb 200 ml de salmorra i s’asseca amb MgSO, anhidre. El dissolvent es destil-la
a pressio reduida. S’obtenen 5.69 g d’'un cru que es purifica mitjangant cromatografia
flash (SiO,, Cy:AcOEt (2:1)). S'obtenen 3.458 g (7.9 mmol) d'un oli groguenc
corresponent a 312 impurificat. Es dilueix I'ester impurificat en la minima quantitat de
Et,O calent i el sistema es deixa refredar fins a t.a.. El solid blanquinds precipitat es
separa per filtracié. El dissolvent del filtrat es destil-la a pressio reduida, rendint 2.85 g
(6.5 mmol) d’'un solid groc pal-lid corresponent a 312 (Rdt.: 50%).

IR (film CHCIs): 3078, 3001, 2930, 2853, 1766, 1658, 1598, 1580, 1513, 1506, 1464,
1451, 1420, 1261, 1209, 1165, 1115, 1025 cm™.

'H-RMN (300 MHz, CDCl,): 7.80 (2H, d, J=15.6 Hz, -CH=CH-C(=0)-), 7.69 (1H,
J=2.0,8.5 Hz, H-C6'), 7.68 (2H, m, H-C2, H-C6), 7.63 (1H, d, J=2.0 Hz, H-C3"), 7.52
(1H, d, J=16 Hz, -CH=CH-C(=0)-), 7.19 (2H, m, H-C3, H-C5), 6.94 (2H, d, J=8.5 Hz, H-
C5), [3.98 (3H, s), 3.98 (3H, s), Ar-OCHj], 3.78 (1H, d, J=5.5 Hz, H-C2”), 3.50 (1H, s,
C2”-OCHj), 1.96-1.10 (11H, m, Cy).

BC-RMN (75.5 MHz, CDCls): 188.2/s C(=0)-CH=CH-, 170.5/s C1”, 153.2/s C4, 151.7/s
C4’, 149.1/s C3’, 142.6/d C(=0)-CH=CH-, 132.9/s C1, 131.1/s C1’, 129.4/d C2,C6,
122.9/d C6’, 121.9/d C3,C5, 121.8/d C(=0)-CH=CH-, 110.7/d C5’, 109.9/d C2’, 85.4/d
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C2”, 58.8/q C2"-OCHs, [56.1/q, 56.1/q, Ca-OCHs], 41.3/d CHg,, [29.1/t, 28.1/, 26.21,
26.1/t, 26.0/t, CHyc,].

EM-1Q: 604 (12), 480 (15), 470 (14), 469 (30), 468 (85), 454 (11), 443 (13), 442 (64),
441 (100), 440 (IM+H]*, 100), 439 (IM[*, 22), 438 (26), 408 ([M-31]", 14), 406 ([M-33]",
12), 358 ([M-81]", 37), 331 (31), 330 (85), 329 ([M-90], 70), 326 (13), 315 (19), 314
(77), 312 (11), 302 (17), 300 (16), 288 (30), 287 (89), 286 (92), 285 (62), 284 (26), 270
(11), 258 (13), 257 (12), 166 (15), 165 (82), 147 (48), 139 (14), 128 (22), 127 (69), 126
(39), 125 (44), 121 (12), 95 (63).

EM-AR: trobat 439.2119 [M+H]*, (calc. 439.2120, C,6H310s).

3.5. Desproteccié de metoxils del compost 312
3.5.1. Sintesi de 3,4-dihidroxiacetofenona (313)
Experiéncia 1 - Me;Sil

Es dissolen 500 mg (2.7 mmol) de 3,4-dimetoxiacetofenona (310) en 3 ml de CHCls.
Sota atmosfera inerta s’addicionen 1.44 g (1 ml) (7.0 mmol) de Me;Sil. El sistema es
deixa evolucionar en agitacid, en la foscor a 50 °C durant 48 hores. A continuacio,
s’addicionen 600 ul de MeOH i el sistema es deixa en agitacié a 50 °C durant 4 hores.
Tot seguit, s’elimina el dissolvent per destil-lacié a pressié reduida. El residu resultant
es dissol en 30 ml de AcOEt. La dissolucié resultant es renta amb 30 ml d’una
dissolucié aquosa saturada de NaHSO3;, amb 30 ml d’'una dissolucié aquosa saturada
de NaHCO; i amb 30 ml de salmorra. La fase organica s’asseca sobre MgSO, anhidre i
el dissolvent s’elimina a pressio reduida. S’obté un cru complex.

Experiéncia 2 - Me;Sil

Es dissolen 500 mg (2.7 mmol) de 3,4-dimetoxiacetofenona (310) en 3 ml de CHCl;.
Sota atmosfera inerta a 0 °C s’addicionen gota a gota 1.44 g (1 ml) (7.0 mmol) de
Me;Sil. El sistema es deixa evolucionar en agitacié fins a t.a. en la foscor a 50 °C
durant 48 hores. A continuacié, s’addicionen 600 ul de MeOH i el sistema es deixa en
agitacio a 50 °C durant 4 hores. Tot seguit, s’elimina el dissolvent per destil-lacié a
pressid reduida. El residu resultant es dissol en 30 ml de AcOEt. La dissolucio
resultant es renta amb 30 ml d’'una dissolucié aquosa saturada de NaHCO;. La
dissolucié aquosa resultant s’extreu amb AcOEt (3x30 ml). Les fases organiques
s’ajunten i es renten amb 30 ml de salmorra. La fase organica s’asseca sobre MgSQO,
anhidre i el dissolvent s’elimina a pressio reduida. S’obté un c.c..

Experiéncia 1 - BBr;

Es dissolen 305 mg (1.7 mmol) de 3,4-dimetoxiacetofenona (310) en 5 ml de DCM.
Sota atmosfera inerta a -78 °C, s’addicionen gota a gota 6.7 ml (6.7 mmol) d’'una
dissolucié de tribromur de bor (BBr3;) 1M. El sistema es manté en agitacié a -78 °C
durant 4 hores. Posteriorment es puja gradualment la temperatura fins a -40 °C i el
sistema es deixa en agitaci6 a aquesta temperatura durant 4 hores més. Un cop
transcorregut aquest temps, es deixa evolucionar el sistema fins a t.a. i es deixa en
agitacié durant 16 h. Tot seguit, s’addicionen 25 ml d’aigua a 0 °C sobre el medi de
reaccid i seguidament es realitzen extraccions amb CHCI; (3 x 30 ml). Les fases
organiques s’ajunten i es renten amb 30 ml de salmorra. La fase organica s’asseca
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sobre MgSQ, anhidre i el dissolvent es destil-la a pressioé reduida. S’obtenen 41 mg
(0.23 mmol) d’un oli blanquinds corresponent al 3,4-dihidroxiacetofenona (313) (Rdt.:
14 %).

"H-RMN (300 MHz, CDCLy): 7.66 (1H, d, J=2.0 Hz, H-C2), 7.50 (1H, J=2.0,8.5 Hz, H-
C86), 6.63 (1H, d, J=8.5 Hz, H-C5), 2.57 (1H, s, CHa).

3.5.2. Intent de sintesi del compost 285
Metodologia general

Es dissolen 100 mg (0.23 mmol) de la calcona 312 en 20 ml de DCM. Sota atmosfera
inerta s’addicionen gota a gota A equivalents (B ml; B mmol) d’'una dissolucié 1M de
BBr; en CH.Cl, a una temperatura de C. El sistema es manté en agitacié durant D h
(taula 32). Posteriorment, s’addicionen 25 ml d’aigua a 0 °C sobre el medi de reaccio i
seguidament es realitzen extraccions amb DCM (3 x 30 ml). Les fases organiques
s’ajunten i la fase organica resultant es renta amb 30 ml de salmorra, s’asseca sobre
MgSO, anhidre i se’n destil-la el dissolvent a pressio reduida.

Ex A B c D Resultat
P- Eq BBr3 mmol BBr3 | T addicié /°C | Temps reaccié/ h

-78°C > 2

1 6 1.36 -78 ta> 18 c.c.
-718°C > 5

2* 6 1.36 -78 -42°C > 3 c.C.

ta—>17

3 4.5 1.03 -40 5 316

4 4.5 1.03 -40 9 316

5 10 2.26 -40 9 c.C.

*L’experiéncia 2 ha estat la Unica en la que s’ha utilitzat una dissolucié aquosa saturada de
NaHCO; per fer el quenching.

Taula 32. Taula resum d’experiencies per I'obtencié de 309

Després de realitzar I'experiéncia 3, s’obtenen 116 mg d'un cru que es purifica
mitjangant cromatografia de columna flash (SiO,, Cy:AcOEt (3:1)). S’obtenen 26 mg
de calcona 316 pura amb un rendiment del 27 %. Les fraccions obtingudes es
descriuen a la taula 33.

Fraccié | Quantitat Composicié
1 33 imp.
2 11 316 + imp.
3 26 316
4 35 316 + imp.

Taula 33. Cromatografia flash del cru obtingut en I'experiéncia 3.
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Després de realitzar I'experiéncia 4, s’obtenen 94 mg d'un cru que es purifica
mitjangant cromatografia de columna flash (SiO,, Cy:AcOEt (7:2)). Les fraccions
obtingudes es descriuen a la taula 34.

Fraccié | Quantitat Composiciod
1 29 c.c.
2 21 316
3 32 316 + imp.

Taula 34. Cromatografia flash del cru obtingut en I'experiéncia 4.

S’obtenen 21 mg de 316 (Rdt.=20%). Sobre la fracci6 3 es fan successives
purificacions mitjangant cromatografia Lobar, preparativa i recristal-litzacié sense
poden arribar a concloure que en les impureses presents a dita fraccié es troba el
producte d’interés 285.

Compost 316

IR (film evap. CHCI;): 3451, 2929, 2853, 1759, 1656, 1598, 1579, 1506, 1463, 1450,
1420, 1321, 1262, 1209, 1165, 1111, 1023 cm™.

*H-RMN (300 MHz, CDCls): 7.80 (2H, d, J=15.5 Hz, -CH=CH-C(=0)-), 7.69 (1H,
J=2.0,8.5 Hz, H-C6’), 7.69 (2H, m, H-C2, H-C6), 7.63 (1H, d, J=2.0 Hz, H-C3"), 7.53
(1H, d, J=15.5 Hz, -CH=CH-C(=0)-), 7.18 (2H, m, H-C3, H-C5), 6.94 (2H, d, J=8.5 Hz,
H-C5'), [3.98 (3H, s), 4.30 (1H, d, J=5.5 Hz, H-C2"), 3.98 (3H, s), Ar-OCHs], 1.90-1.10
(11H, m, Cy).

BC-RMN (75.5 MHz, CDCls): 188.1/s C(=0)-CH=CH-, 173.1/s C1”, 153.2/s C4, 151.5/s
C4’, 149.2/s C3’, 142.4/d C(=0)-CH=CH-, 133.2/s C1, 131.1/s C1’, 129.5/d C2,C6,
123.0/d C6’, 122.1/d C(=0)-CH=CH-, 121.8/d C2,C6, 110.7/d C5’, 109.9/d C2’, 75.0/d
C2”, [56.1/q, 56.1/q, OCHj3], 42.2/d CH,cy, [29.2/t, 27.0/t, 26.6/t, 26.3/t, 26.1/t, CHyc,].

EM-1Q: 428 (11), 427 (20), 426 ([M+HJ*, 58), 313 (23), 287 (39), 286 (100), 285 (37),
165 (23), 147 (17), 95 (36).

EM-AR: trobat 425.1968 [M+H]", (calc. 425.1964, C,5H260s).
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1. INTRODUCCIO

L’avaluacié de l'activitat biologica de brassinoesteroides (BRs) va ser duta a terme a
través de bioassajos que inicialment havien estat desenvolupats per mesurar 'activitat
d’altres fitohormones, com auxines, gibberel-lines o citoquinines, i que posteriorment
van ser adaptats per a ser emprats en BRs. En aquests bioassajos es mesura un
efecte macroscopic en una espécie del regne vegetal causat per una accioé a nivell
molecular del compost aplicat.

Els bioassajos més emprats fins al moment per avaluar I'activitat biologica de BRs soén
els que es mostren a la taula 36.""2

Test Limit de deteccié (M)
Tomaquet'” 410
Rave'” 8:10°
Mongeta (1°" entrents)'™* 3107
Mongeta (2°" entrents)'" 2:10™"
Inclinacié lamina d’arrods (planta tallada)® 11073
Inclinacié lamina d’arrds (planta sencera)?’ 11073
Mongeta (2°" entrenus sensibilitzat)'"® 1-10™
Inhibicié del pésol'’” 1-10™

Taula 36. Bioassaigs més emprats per avaluar I'activitat de BRs.

Els bioassajos del tomaquet i del rave van ser molt utilitzats en un principi per avaluar
I'activitat bioldgica de BRs, perd es van anar abandonant en aparéixer altres tests més
sensibles. En aquest sentit, un dels bioassajos més sensibles i més emprats avui en
dia per determinar I'activitat biologica de BRs és el test d’inclinacié de la lamina d’arros
(RLIT, Rice Lamina Inclination Test), desenvolupat per Maeda'’® I'any 1965 per
avaluar I'activitat bioldgica d’auxines.

1.1. Variants del test d’inclinacié de la lamina d’arrés (RLIT)

En el test d’inclinacié de la lamina d’arrds (RLIT), 'avaluacié de I'activitat es realitza
mesurant I'angle d’inclinacié que hi ha entre la segona lamina i la tija de la planta,
essent aquesta mesura proporcional a l'activitat biologica del compost aplicat. La
correspondéncia que hi ha entre I'angle d’inclinacié de la lamina i I'activitat del BR és
deguda a la propietat que presenten els BRs actius de provocar I'elongacié i/o la
divisié cel-lular, que provocara una inclinacié de la fulla que es desenvolupa en el punt
d’aplicacié. Aixi, una major inclinacié implica una major activitat de I'analeg.

A la literatura hi ha descrites dues variants del RLIT: la de plana tallada® i la de planta
sencera.”’

Planta tallada:?® consisteix en deixar germinar les llavors en aigua, sembrar-les i,
després d’'uns dies, tallar la tija en segments d’igual longitud que la segona lamina i
mantenir-les submergides 1 dia en aigua. A continuacid, s’escullen aquelles plantes
que presentin una inclinacié concreta i es deixen en remull amb una concentracié
determinada del BR que es vulgui avaluar durant 2 dies, després dels quals es
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procedeix a la mesura. La mesura de l'activitat s’aconsegueix en 12-13 dies. Aquest
test es va realitzar anteriorment a I'equip,®® perd es va descartar degut a la baixa
reproductibilitat que presentava.

Planta sencera:*’ consisteix, a diferéncia del cas anterior, en injectar el BR que es
vulgui avaluar a una dosi determinada a I'entrends de la planta sencera. Aquesta
variant del RLIT va ser desenvolupada inicialment amb la varietat japonesa d’arrds
Tan-Ginbozu.?” A I'equip es va posar a punt aquest bioassaig adaptant-lo a varietats
autoctones del delta de 'Ebre a fi de tenir un conjunt de dades homogénies per tal de
poder realitzar un primer estudi de correlacié estructura-activitat.>’ De totes les
varietats assajades, la Bahia és la que va donar millors resultats. Posteriorment,
modificant el fotoperiode d’'una de les etapes, es va aconseguir millorar la sensibilitat
del test.® No obstant, aquesta variant del RLIT no permet I'aplicacié de compostos a
concentracions superiors a 1 pg/planta, degut a la falta d’assimilacié del BR per part de
la planta. En aquests casos, s’observa una taca blanca en el punt d’injeccioé.

1.2. Protocol

El protocol per mesurar I'activitat d'un BR comprén les etapes que es descriuen a
continuacio:

1. Germinacio: les llavors d’arrds es submergeixen en aigua desionitzada i es
situen en una cambra de cultiu durant 2 dies a 30 °C amb un fotoperiode de 16
h de llum i 8 h de foscor.

2. Sembra: primer de tot es prepara el medi de cultiu, que és un gel d’agar-agar al
0.5% en aigua. Les llavors germinades es sembren en aquest suport amb la
radicula cap amunt i en contacte amb la superficie. S’introdueixen en un
recipient on la humitat relativa es manté aproximadament al 90%, i es
col-loquen en la cambra de cultiu amb les mateixes condicions que I'etapa
anterior durant 4 dies.

3. Aplicacié: abans del tractament, es realitza una selecci6 rigorosa de les plantes
que han de ser injectades, eliminant totes aquelles en les que no s’observa el
segon entrenus i les que ja tenen la segona lamina desenvolupada. A
continuacio, s’injecten 0.5 pl de la dissolucié del BR en etanol al 95% en el
segon nus de desenvolupament de la segona lamina i es col-loquen en la
cambra de cultiu a 30 °C durant 2 dies a la foscor. Cada compost que es vulgui
avaluar s’ha d’aplicar en un minim de 10-15 plantes.

4. Mesura: es tallen les plantes 2 cm per sota de I'entrenus i es mesura 'angle
d’inclinacio entre I'anvers de la segona lamina i la tija de la planta (figura 110).
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Angle S
S e

Entrenus

—— Tija

Control (CTRL) Planta tractada

Figura 110: Mesura de I'angle d’inclinacié de la lamina d’arros

5. Tractament estadistic: es realitza el tractament estadistic de les dades, amb el
qual es calcula la repetibilitat i la reproductibilitat, aixi com la corba
dosi-resposta dels compostos que han resultat ser actius.

2. TRACTAMENT ESTADISTIC DE LES DADES
2.1. Per a cada experiment (BA ##)

Primer de tot cal definir tot el tractament estadistic que s’ha realitzat sobre les dades
obtingudes experimentalment. Els angles obtinguts en cada experiment es mostren en
una taula, com la taula 37, on es col-loquen per columnes els compostos assajats a
una dosi determinada i, per files, s’introdueixen les dades dels angles obtinguts
experimentalment. A la part inferior de la taula, i per cada compost i dosi, es troben els
parametres estadistics.

BA ## CTRL HCS Compost X

dosi (ug/planta) 0 1 1
0 111 90

0 111 92

0 112 104

0 113 106

0 114 110

4 115 112

5 115 114

5 117 114

11 118 116

Mitjana 4 116 109

M-Mc: - 112 105
DesvSt: 5 3 8
n° Plantes 9 9 9
REPET 2 2 3
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Taula 37. Exemple de taula per presentar els resultats obtinguts en el RLIT.
Els parametres es descriuen a continuacio:

BA #i# Nom que identifica un experiment concret.

M Mitjana aritmetica dels angles per a cada compost a una dosi
determinada (y ).
1

Mc Mitjana aritmética dels angles del control (CTRL) (X, ).
M-Mc Diferéncia entre la mitjana d’'un compost-dosi i la del control (X_ic ).
DesvSt Desviacié estandard associada a M (c;) 0 a Mc (o). Es la mesura de la

dispersio dels valors respecte la mitjana.
N° plantes Nombre de plantes que intervenen en el calcul estadistic.

REPET desviacio estandard associada a M-Mc (Ox).

¢ Mitjana (M) i desviacio estandard (DesvSt) :

Per treballar amb dades normalitzades, a la mitjana M obtinguda se li ha de restar la
mitjana del control (Mc) corresponent al mateix experiment (BA ##). La normalitzacio
de les dades es fa per poder relacionar els diferents experiments en que s’assaja el
mateix compost a una concentracid determinada, ja que entre una experiéncia i una
altra poden haver petites variacions. Les equacions corresponents a la mitjana

aritmética ( Xj ) i a la desviacio estandard ( o ) es representen a continuacio:

N;
Xn
; _ n=l
1 Ni
Equacié 11 Equacié 12

“r

On X, és l'angle d’inclinacié6 de les plantes tractades amb el compost “i" a una

“wr

concentracié determinada i N, és el n°® de plantes tractades amb el compost “i” a una
concentracio determinada.

e Repetibilitat (REPET):

La desviacié estandard associada a M-Mc (0'%) es calcula segons la propietat de la

varianca que es defineix a continuacio. Si x i y sén variables aleatories independents,
aleshores:

2
ax

2

° y

.2 2, h2
y=a o, +th%-o

Equacié 13
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On x correspondria a la mitjana del compost (X; ) i y correspondria a la mitjana del

control (Z ).

Sabent que les desviacions estandard d’aquestes variables s’obtenen mitjancant les
equacions 14 i 15,

_ __Gi _ . _ C%¢

Xc \/N_C

Equacio6 14 Equacio6 15

aleshores la varianga pren la forma:

2 2 2 2

oy O oi O

gzizgzi —=62—+O'2—=—|+—C o,. = -t ,zc
Xic  (i-xc) Xi X Nj Ng ic N; Ng
Equaci6 16 Equacié 17

Aquesta desviaci6é estandard normalitzada (U%) rep el nom de repetibilitat (REPET) i

dona una idea de la variabilitat de la mitjana dels angles obtinguts per a un compost a
una dosi determinada, dins d’un experiment donat (BA ##).

2.2. Per a cada compost a una dosi determinada

Els diferents experiments realitzats on s’ha aplicat el mateix compost es troben
agrupats en un nou tipus de taula. En ella s’indica el compost assajat a les diferents
concentracions aplicades i els seguents parametres estadistics: mitjana (MI),
repetibilitat mitiana (REPET M) i reproducibilitat (REPRO). A la taula 38 es mostra un
exemple d’aquest tipus de taula i es defineixen els parametres utilitzats:

Compost avaluat
Dosi (ug/planta) 1 0.1 0.01
M-Mc M-Mc M-Mc

75 53 40

84 34 25

93 10 6

Mi/ 84 31 23
REPRO 13 29.9 24

Taula 38. Exemple de taula emprada per presentar els resultats d’'un compost.
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Mitjana (MI): Es la a mitjana dels valors de M-Mc obtinguts per a una dosi determinada
de compost realitzada en diversos experiments. La mitjana global pren la seglent
forma:

Lo
Z Xic
j=1

L.

Xik =

Equacié 18

@

On L; és el n® d’experiments on ha estat aplicat el compost “i” a una dosi determinada.

Aquesta mitjana global té associada dues desviacions estandard: la que fa referéncia
al concepte de reproductibilitat i la que fa referéncia al de repetibilitat.

Reproducibilitat (REPRO): Es la desviacié estandard associada al calcul de la
mitjana (MI) i s’obté de promitjar les diferents mitjanes normalitzades (M-Mc) que
provenen dels diferents experiments on s’ha aplicat el compost a la concentracio
determinada. Es defineix com a REPRO i pren la forma segulent:

Lj .
D (Xic — Xik)
REPROD = /=L
L -1
Equacié 19

Aquest parametre déna una idea de com varia la resposta d’'un compost a una
concentracié determinada en els diferents experiments.

Repetibilitat mitjana (REPET MI): Es defineix com la mitjana de les desviacions
estandard de cada experiment (REPET) i indica la dispersio dels angles obtinguts a la
mateixa dosi aplicada en els diferents experiments. Pren la seglent forma:

Lj
> REPET
REPET MITJ = %

Equacioé 20

La reproductibilitat i la repetibilitat seran millors quan menors siguin els valors
corresponents. En el calcul d’aquests tres parametres també es desestimen aquells
experiments en els que els resultats surten de la tendéncia general. Aquests valors es
mostren en vermell en les taules que es presenten a la part experimental.
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2.3. Factors que poden introduir un error en els resultats

Existeixen una série de factors a considerar a I'hora de realitzar el bioassaig que
poden influir en la dispersio dels resultats. Uns sén els factors extrinsecs, que soén
inherents a la propia metodologia del test i que es poden minimitzar tenint cura d’'una
série de precaucions, i els altres sén els factors intrinsecs, que depenen de la planta
durant el seu desenvolupament i no poden controlar-se.

e Factors extrinsecs

Aquests factors depenen de la metodologia del test i es poden minimitzar seguint una
série de precaucions:

-La_influéncia de la llum:""®"®" Donades les caracteristiques de la cambra de cultiu, la
llum no és totalment homogeénia en el seu interior i aixd fa que en les zones on la llum
€s més intensa s’afavoreixi el creixement de les plantes. Per evitar aquest factor, les
plantes s’han de distribuir aleatdriament al interior de la cambra. Pel qué fa a 'etapa
d’aplicacié, la llum també s’ha de tenir en compte. Un BR pot variar la seva resposta
en funcié del fotoperiode d’aquesta etapa. En el protocol inicial del bioassaig
desenvolupat en I'equip (RLIT 1), es va descriure realitzar I'aplicacié del BR amb un
fotoperiode de 16 h de llum i 8 h de foscor. Posteriorment es va observar que la
sensibilitat dels BRs aplicats en aquesta etapa del bioassaig augmentava si el
bioassaig es realitzava amb un fotoperiode de 24 h de foscor.

-Etapa d’aplicacié del BRs: Es un dels altres factors a tenir en compte. Aquesta etapa
sol ser llarga (unes 2 h) i, durant aquest periode, la segona lamina de les plantes es
comenga a obrir. Per tant, es modifica I'ordre d’aplicacié dels BRs en els diferents
bioassajos per evitar que un mateix compost sigui sempre aplicat sobre les plantes
més desenvolupades.

-Etapa d’aplicacié del BRs amb la xeringa: Durant aquesta aplicacio cal evitar que la
dissolucié resti molta estona oberta ja que pot ser que aquesta es concentri
lleugerament per evaporacié del dissolvent, modificant lleugerament la dosi injectada.
Cal esmentar perd, que en estudis anteriors en I'equip,®’ es va observar que petites
modificacions en la dosi no afectaven al resultat i que cal que es produeixi una variacio
d’'un ordre de magnitud en la dosi perqué s’observi un canvi significatiu en la resposta.

-Injeccid: S’ha d’assegurar la injeccié total de la mostra en la planta, descartant totes
aquelles plantes en les que la dissolucié de BR regalimi per la tija.

-Etapa de mesura de 'angle: En I'etapa de mesura de I'angle, s’ha de dibuixar I'angle
immediatament després de tallar la tija de la planta, ja que estudis anteriors realitzats
en I'equip,®”* demostren que la fulla es va plegant al llarg del temps, fent disminuir
'angle.

-Factors externs: Existeix una dispersié deguda a factors externs. Per detectar aquesta
dispersid, s’injecta en cada bioassaig la 28-homocastasterona (HCS) (11), un compost
actiu a una dosi de 1 yg/planta. Es reserven en cada bioassaig unes 10-15 plantes per
aquest tractament i es sotmeten al mateix protocol. Qualsevol variacié en la resposta
de la HCS (11) permet detectar un factor extern en la realitzacié del test com pot ser:
mal funcionament del fotoperiode, llavors envellides, baixa humitat en la cambra de
cultiu, variacions de temperatura, etc. Es d’esperar que si afecta al BR de referéncia,
també afecti a la resta de productes aplicats, invalidant tot el bioassaig. A la figura 111
es mostra la tendéncia general de la HCS (11) a 1 pg/planta i la seva dispersio.
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HCS a 1 pg/planta
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Figura 111. Resultats del valor de la mitjana normalitzada (M-Mc) corresponent al BR
de referencia (HCS) (11) de tots els bioassaig realitzats.

e Factors intrinsecs

Aquests factors depenen de la planta durant el seu desenvolupament. Per avaluar-los
es reserven en cada experiment unes 10-15 plantes sense tractar, anomenades
control (CTRL), que seran sotmeses al mateix protocol. Aixd permet congixer quina és
la dispersio natural en el valor de I'angle mesurat causat per la propia planta en 'etapa
de creixement. A la figura 112 es mostra el valor Mc i permet veure la dispersio
d’aquest al llarg dels diferents bioassaig:

CTRL
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Mc/°

Figura 112. Resultats de Mc de tots els bioassaig realitzats.
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3. REPRESENTACIO DE LA CORBA DOSI - RESPOSTA

Com a dada d’activitat s’utilitza el valor del logaritme de la dosi a la qual el valor
d’activitat correspon al 50% de I'activitat maxima. L’Us d’aquest valor esta recomanat
en les relacions estructura — activitat,'®® degut a que el valor de la dosi efectiva al 50%
és proporcional a la constant d’equilibri del procés d’interaccio entre substrat i receptor
biologic.

Suposant el cas d’interaccié d’un receptor R amb n molécules d’'un BR determinat, on
R-(BR), és el complex receptor-brassinoesteroide:

[R-(BR), ]
R+n(BR) == R-(BR). K “RIBR]"
Equacio 21

Quan hi ha el 50% de l'activitat maxima, el nombre de receptors lliures i ocupats és el
mateix:

[R_ (BR)n]5o% 1
Ksoo, = P
[Rls00 - [BRIS00s  [BRIEg0s

Equacio 22

Per tant, el logaritme de K resulta proporcional al logaritme de la concentracié de BR
en qué s’observa el 50% de I'activitat maxima. Simplificant les equacions:

1
log K50, = N l0g——7—— = —n 10g[BR]5q9,
[BR J509
Equacio 23

A la figura 113 es representa la corba d’activitat de la BL (1) com a exemple de corba
d’activitat. Generalment, els compostos es distribueixen de tal manera que els valors
resposta cobreixin un marge de fins a 4 unitats de logaritme (de 0 a -4), estant aquest
parametre dins dels valors recomanats.'®?

Tal i com ja s’ha comentat anteriorment, el valor d’activitat adequat per comparar
l'activitat dels diferents BRs és log(dosisgy,). No obstant, degut a les limitacions
practiques del bioassaig, hi ha BRs que a les dosis maximes estudiades no arriben al
nivell maxim de la corba. S’ha de tenir en compte que la resposta maxima trobada en
'equip per a tot el conjunt de BRs actius compren un marge de 80-110°, per tant es
considera el promig de 90°. Aixd fa que el 50% de la resposta maxima correspongui al
valor d’angle de 45°, fent que el valor d’activitat utilitzat en I'equip sigui —log(dosisse).
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CORBA ACTIVITAT 10 €
X ©

DEBL (1) x E =

- 100 =

: E

X0
- 60
X
£ 20

log(dosi)

Figura 113. Corbes dosi-resposta de la BL (1)

Un cop es tenen els parametres que defineixen la corba, aquesta s’ajusta mitjancant el
programa Fig.P."®® Per fer-ho, es construeix una taula amb les dades corresponents a
log(dosi) vs MITJANA (°) i s’ajusta una funcié del tipus “logistic sigmoid (classic logistic
function; log dose vs effect)”. La funcié pren la seguent forma:

. Max — Min
f(X) = Min+
) 14 e~ K(X=X50)
Equacio 24

On Min és el valor minim que presenta la corba, Max és el valor maxim que presenta
la corba, K el factor relacionat amb el pendent de la corba i X5, I'abscissa corresponent
al 50% de I'ordenada maxima de cada corba .

El programa realitza varies iteracions fins que arriba a la convergéncia i déna els
valors dels parametres que defineixen aquesta funcio (Min, Max, K i Xso). Finalment, es
representa la corba i s’inclou el valor numéric de -log(dosi) al interpolar a 45°.
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4. PRESENTACIO DELS RESULTATS
Els resultats es poden dividir en dos grups:

1. Compostos no actius: Compostos que no donen activitat a 1ug/planta. Per tant,
no es realitzen mesures de resposta a altres dosis.

2. Compostos actius: Compostos que a 1ug/planta i a concentracions inferiors
donen activitat. Per aquests compostos es realitzen mesures de resposta a
varies concentracions per determinar-ne el perfil d’activitat. En una taula es
mostra el compost assajat a les diferents concentracions aplicades i els
parametres mitjana (Ml), reproducibilitat (REPRO) i repetibilitat mitjana (REPET
M). Les dades que es troben en vermell indiquen que sén punts erronis i, per
tant, no es tenen en compte en el tractament estadistic realitzat.

En el present treball s’ha avaluat I'activitat de compostos proposats a través de varies
linies de recerca:

- Compostos proposats pels processos de virtual screening sobre bases de dades de
compostos comercials descrits anteriorment en aquest treball (veure apartats 2.2 i 2.3
del capitol 1).

- Compostos sintetitzats basats en substuir 'esquelet de 6 i 7 per una estructura no
esteroidea (veure 'apartat 1 del capitol 2).

- Analegs sintetitzats a ’Académia de Ciéncies de la Republica Txeca al laboratori del
Prof. Ladislav Kohout.'®*

-Compostos procedents de varis projectes desenvolupats a la Seccié d’Esteroides de
I'IQS: Analegs brassinoesteroides androstanics®"'® i transformacié del KM-01 en
agonista BR."®

De tots ells, només es presenten els resultats corresponents als dos primers punts, ja
que son els que es troben relacionats amb la part de discussié de resultats exposada
en aquest treball. Els resultats corresponents a la resta de linies de recerca es troben
exposats en comunicacions personals realitzades en el marc de I'Equip.5''®

4.1. Analegs proposats per métodes de Virtual Screening
4.1.1. Analegs proposats pel model QSAR desenvolupat amb descriptors GRIND

A la figura 114 es descriuen les dades obtingudes en el RLIT pels 26 compostos
proposats com a candidats pel métode de virtual screening descrit a I'apartat 2.2 del
capitol 1. D’entre tots ells, només s’han realitzat més determinacions d’activitat, a
concentracions diferents, dels compostos 207 i 209, que sén els que han mostrat un
angle d’inclinacié més elevat a 1 pg/planta.

Alguns compostos han presentat problemes de solubilitat amb etanol 95%, el
dissolvent que es fa servir per defecte per preparar les dissolucions que s’injecten. En
aquests casos, els compostos s’han intentat dissoldre amb THF. Si tampoc han estat
solubles en aquest darrer dissolvent, s’han avaluat en dissoluci6 amb DMSO. Ara bé,
en aquest darrer dissolvent les mesures de l'angle presenten una gran desviacio
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estandard, de l'ordre de 40°. Aixo fa que la mitjana del control pugui arribar a assolir
valors de 40°, cosa que fa que I'angle d’inclinacié normalitzat pugui prendre valors de
-40°.

Compost Compost
H
o
S
NH,
H
184 185
0° + 2° (EtOH) 19° £ 2° (EtOH)
BA-J-M-17, BA-J-M-18 BA-J-M-12, BA-A-E-15
0 _0
N~ ™ N N
)\\/<N OMe )\\/<N
H,N
2 /N \ H Me nN /N \
N\\ N H
N N\N/)j@ \\N N\N4t©
o]
HO o)
HO
186 187
17° £ 3° (THF)
BA-A-E-22 10° ;—'A:?;_NEEOH)
.0
OH \ N
. o’
HO N\ N
:@AN N N /J\Q\
O OH N N
MeO o
NH,
188
4° + 2° (EtOH) 189
BA-J-M-15 4° £ 3° (THF)
BA-A-E-22
OH OH Br
0
QLT | T
- N~ o)
” oy
o) OH Ho” 0
OH
190 191
-3° £ 2° (EtOH)
BA-J-M-19 -17° ;—’A?/:_(EF)ZTSO)

Figura 114. Dades d’activitat pels 26 candidats proposats.
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Compost Compost
Br
Q@ H
_ N/N OH
HN S/& o
o S
192 193
0°+ 3° (EtOH) -2° + 3° (EtOH)
BA-A-E-06, BA-A-E-10 BA-A-E-09

HO
o)
¥ " /ﬁONﬁ N COOH
M >\: N—N ja— — @
N HOOC N
H %

o}
195
194 0470
-39°+ 2° (DMSO) 3 (DMSO)
BA-A-E-24
HO oH
H
N. 7~
OH O
NO,
197
196 0°+9° (DMSO)
-3° £+ 1° (EtOH) BA-A-E-26
BA-A-E-09
H H
N N OH
% H 0 q( N
¢} \NA@ ~ (0] N\N/
°© OoH 0
P
198
-4° + 1° (EtOH) 199
BA-A-E-09 0° + 7° (TH F)
BA-A-E-06b

TN y OH
HN)\< N\N/
2 /N
NH, O
N, | 2 OH
NO,

200 201
32+ 4° (THF) -1+ 1° (THF)
BA-A-E-06b, BA-A-E-14 BA-A-E-06, BA-A-E-08
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Figura 114. Dades d’activitat pels 26 candidats proposats.

Compost Compost
_0
N \
Py
HN™ o’
NoloH
o] =
202 203
-38° + 2° (DMSO) -5°+ 0° (EtOH)
BA-A-E-26 BA-A-E-09
i o N
Hsz ° o] ~ Y O
" OMe o O o
H NH, N)LO/\
OMe H
OMe 205
2004 6° + 6° (EtOH)
1+3° (THF) BA-X-24, BA-X-26
BA-A-E-08
COOH H
N= H
—
/®/ NH N N
SO,H o H o H
206 207
1° + 2° (EtOH) 36° + 11° (DMSO)
BA-A-E-06 BA-A-E-07, BA-X-24, BA-X-26, BA-X-29, BA-X-30
0 S
H
N o O
ool Vi Lt
SOH ° Ho\) HN  MeO
208 209
0° + 4° (EtOH) 42° + 10° (DMSO)
‘BA-A-E-09 BA-A-E-07, BA-X-24, BA-X-26, BA-X-29, BA-X-30

Figura 114. Dades d’activitat pels 26 candidats proposats.

Els compostos 207 i 209 han mostrat un valor d’angle d’incinacié a 1 ug/planta més
alts que la resta de compostos. Tot i que el valor que han rendit no és tan alt com els
dels BRs actius, el fet que hagin donat un nivell d’activitat net fa interessant realitzar
determinacions d’activitat a més dosis. A la taula 41 es mostren les dades obtingudes
a cada una de les dosis i a la figura 115 la corba dosi-resposta obtinguda pel compost
207. Alataula 42 iala figura 116 es mostren aquests resultats pel compost 209.
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207 (DMSO)
Dosi (pg/planta) 2 1 0,5 0,1
M-Mc M-Mc M-Mc M-Mc M-Mc
BA-X-30 15 11
BA-X-30 13 4
BA-A-E-07 36 11
BA-X-24 3 1
BA-X-26 7 2
BA-X-29 1
MITJ/ 15 11 13 4 36 11 5 2 1
REPROD - - 3 -
Taula 41. Dades d’activitat obtingudes pel compost 207.
Grafic dosi-reposta pel compost 207
50
45 -
40 -
) 35 | *
o
3 30 -
<
2 25
20
2
< 15
10
5 .
¢ :
0 T T T T T T T T
-0,8 -0,6 -0,4 -0,2 0 0,2 0,4 0,6 0,8 1,2
-log[Dosi(ug/planta)]
Figura 115. Grafic dosi-resposta obtinguda pel compost 207.
209 (DMSO)
Dosi (pg/planta) 2 1 0,5 0,1
M-Mc M-Mc M-Mc M-Mc M-Mc
BA-X-30 33 11
BA-X-30 22 6
BA-A-E-07 42 10
BA-X-24 3 1
BA-X-26 25 10
BA-X-29 2 1
MITJ/ 33 11 22 6 42 10 14 6 2 1
REPROD - - 16 -
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Taula 42. Dades d’activitat obtingudes pel compost 209.

Grafic dosi-resposta pel compost 209

Angle d'inclinacio (°)
w ' a o
o o o o
L L L

N
o
—e—
——

-
o
!

-0,8 -0,6 -0,4 -0,2 0 0,2 0,4 0,6 0,8 1 1,2
-log[Dosi(ung/planta)]

Figura 115. Corba dosi-resposta obtinguda pel compost 209.

4.1.2. Analegs proposats per la metodologia FLAP

A la figura 116 es descriuen les dades obtingudes en el RLIT pels 23 compostos
proposats com a candidats pel métode FLAP descrit a I'apartat 2.3 del capitol 1. De
tots ells, s’ha obtingut com a resultat preliminar un unic assaig realitzat a 1 pg/planta.
Cap compost ha mostrat un angle d’inclinaci6 com el de BRs actius. Tot i aix0, cal
acabar de determinar correctament el perfil d’activitat d’alguns compostos que han
donat un cert nivell de resposta.

A nivell de solubilitat dels compostos, s’ha aplicat el mateix criteri que el descrit en el
subapartat anterior.
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Compost Compost
cl
<>7/\/\IOH IO
N —\ OH
\o HJ<»N NI
S
210 211
47° + 7° (EtOH) 43° + 13° (EtOH)

BA-X-E-08, BA-X-10, BA-X-11, BA-X-13,
BA-X-14, BA-X-15, BA-X-16

BA-X-E-08, BA-X-10, BA-X-11, BA-X-13,
BA-X-14, BA-X-15, BA-X-16

OH
SN
HN_ _O
\E OH
s w/
%(NH
o)
212 213
14° £ 3° (EtOH) 10° £ 3° (THF)
BA-X-E-08 BA-X-E-09
S
Br \'T‘ Br o JJN\ N
HO HNﬁ(\O [ij\<N
OH 0 OMe Y
L 24 215
8+ 2° (EtOH) 41° + 16° (EtOH)
BA-X-E-08 BA-X-E-08, BA-X-10, BA-X-11, BA-X-13,
BA-X-14, BA-X-15, BA-X-16
0 o
L | oo
/S O/ H
216 217
16° + 4° (EtOH) 11° £ 4° (THF)
BA-X-E-08 BA-X-E-09
cl cl
\©ifo
NH
SNe
218 219
4° + 2° (THF) 4° + 1° (THF)
BA-X-E-08 BA-X-E-08

Figura 116. Dades d’activitat pels 23 candidats proposats.
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BA-X-E-08, BA-X-10, BA-X-11, BA-X-13,
BA-X-14, BA-X-15, BA-X-16

Compost Compost
0 OH
H
ﬁw)kg N N
o s /@/ N\) o HNp o)
oy I
o)
220 221
8° + 2° (THF) 8° + 1° (EtOH)
BA-X-E-09 BA-X-E-08
OH
OO .
Q- D
“cooH © N/N\ N ) H
222 223
3° £ 2° (DMSO) 3° + 1° (THF)
BA-X-E-09 BA-X-E-08
JJOH /N S\
0
o@—/ (VAN SV
F
MeO
225
e
28° + 5° (EtOH)

H /—\J>OH
y éN@NL/N
(6]

COOH
226
7° £ 2° (THF)
BA-X-E-09 227
5° + 1° (THF)
BA-X-E-08
OH O\ H N OMe
H@N/ \NI s /@/S\\ | Y
4 H \/ J 2N
5 N
H OMe
COOH
229
228 04 10
3° + 2° (DMSO) ° E;J.x.(ggH)
BA-X-E-09

Figura 116. Dades d’activitat pels 23 candidats proposats.
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Compost Compost
o) OH
s O | O f
— __/ aN_ T N NH
@ N //S§\
ol o}
o}
231
230
7° £ 2° (DMSO)
5° + 2° (EtOH)
BAX-E-08 BA-X-E-09
w9 0
N
Oj%}“‘;]ij\fo
H
0 HN
HOOC
232
4° + 2° (DMSO)
BA-X-E-09

Figura 116. Dades d’activitat pels 23 candidats proposats.

Els compostos 210, 211, 215, 224 i 225 han mostrat un valor d’angle d’incinacié a 1
Mg/planta més alts que la resta de compostos. Tot i que el valor que han rendit no és
tan alt com els dels BRs actius, el fet que hagin donat un nivell d’activitat net fa
interessant realitzar determinacions d’activitat a més dosis. A les taules 45-49 es
mostren les dades obtingudes a cada una de les dosis dels compostos 210, 211, 215,
224225 a les figures 117-121 les corba dosi-resposta obtingudes
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210 (EtOH)
Dosi (ug/planta) 0,1 0,01
M-Mc M-Mc M-Mc
BA-X-E-08 39 7
BA-X-10 51 12
BA-X-11 52 15
BA-X-12 6 2
BA-X-13 30 14
BA-X-14 32 11
BA-X-15 10 3
BA-X-16 4
MITJ/ 47 11 31 13 2
REPROD 1 4

Taula 45. Dades d’activitat obtingudes pel compost 210.

Angle d'inclinacio (°)

[=2]
o

Grafic dosi-resposta pel compost 210
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o
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S
o
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w
o
|
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10 -

0 0,2 0,4

0,6

0,8
-log[Dosi(ng/planta)]

1,

2

Figura 117. Corba dosi-resposta obtinguda pel compost 210.
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211 (EtOH)
Dosi (ug/planta) 1 0,1 0,01
M-Mc M-Mc M-Mc
BA-X-E-08 41 12
BA-X-10 31 9
BA-X-11 50 11
BA-X-13 34 12
BA-X-14 26 9
BA-X-15 7 2
BA-X-16 3 1
MITJ/ 43 11 30 11 5 2
REPROD 13 6 2

Taula 46. Dades d’activitat obtingudes pel compost 211.

Angle d'inclinacio (°)

Grafic dosi-resposta pel compost 211

a [<2]
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2,2

Figura 118. Corba dosi-resposta obtinguda pel compost 211.
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215 (EtOH)
Dosi (ug/planta) 1 0,1 0,01
M-Mc M-Mc M-Mc
BA-X-E-08 30 11
BA-X-10 59 12
BA-X-11 33 10
BA-X-12 1 1
BA-X-13 19 13
BA-X-14 16 5
BA-X-15 29 11
BA-X-16 9 2
MITJ/ 41 11 17 9 19 7
REPROD 16 2 14
Taula 47. Dades d’activitat obtingudes pel compost 215.
Grafic dosi-resposta pel compost 215
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Figura 119. Corba dosi-resposta obtinguda pel compost 215.
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224 (EtOH)
Dosi (ug/planta) 1 0,1 0,01
M-Mc M-Mc M-Mc
BA-X-E-08 33 6
BA-X-10 30 11
BA-X-11 28 9
BA-X-12 2 1
BA-X-13 33 14
BA-X-14 19 7
BA-X-12 23 9
BA-X-13 4 2
MITJ/ 30 9 26 7 13 6
REPROD 2 10 13

Taula 45. Dades d’activitat obtingudes pel compost 224.

Angle d'inclinacié (°)

Grafic dosi-resposta pel compost 210

10 -

04 06 08 1 1,2 1,4 1,6 1,8 2
-log[Dosi(ug/planta)]

2,2

Figura 120. Corba dosi-resposta obtinguda pel compost 224.
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225 (EtOH)
Dosi (ug/planta) 1 0,1 0,01
M-Mc M-Mc M-Mc
BA-X-E-08 28 10
BA-X-10 11 5
BA-X-11 3 7
BA-X-12 48 14
BA-X-13 23 6
BA-X-12 3
BA-X-13
MITJ/ 14 8 36 10 4
REPROD 13 17 2

Taula 49. Dades d’activitat obtingudes pel compost 225.

Angle d'inclinacié (°)

Grafic dosi-resposta pel compost 225
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Figura 121. Corba dosi-resposta obtinguda pel compost 225.
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4.2. Analegs derivats de 6 i 7: compostos 291, 312 316

A la figura 118 es descriuen les dades obtingudes en el RLIT pels 3 compostos
sintetitzats basats en 'estructura dels compostos 6 i 7 (apartat 1 del capitol 2).

Compost Compost

(0] o}
(0] (0]
OMe OH
MeO l MeO !
MeO MeO
o o

312 316
250 + 5° (EtOH) 5° + 1° (E{OH)

291
11° £ 2° (EtOH)

Figura 118. Dades d’activitat obtingudes pels compostos 291, 312 i 316.
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4.3. Dades dels bioassajos realitzats

BA-A-E-06 CTRLETOH | HCS 192 192 | 201 -THF | 206 206
dosi (ug/planta) 0 1 1 1 1 1 1
[0] [67] | [0] | [0] [0] [0] | [0]
0 71 0 0 0 0 3
2 72 11 0 0 0 5
4 82 31 0 3 0 5
5 98 31 0 4 0 6
7 107 45 0 5 10 6
8 108 75 10 5 12 9
[10] 109 82 11 6 [15] 10
112 85 21 [12] [13]
133 [93] 22
[155] [31]
Mitjana 4 99 45 7 3 4 6
M-Mc: - 95 4| 3 -1 -1 2
DesvSt: 3 21 33 9 2 6 2
n° Plantes 6 8 9 7
REPET 2 12 3 2
BA-A-E-06b CTRLTHF | HCS | 199 -THF | 199 - THF | 200 - THF
dosi (pg/planta) 0 1 1 1 1
[0] [67] [0] [0] [0]
0 71 0 0 3
3 72 0 0 4
4 82 6 0 5
4 98 10 0 7
4 107 11 0 8
10 108 12 12 10
11 109 14 [15] 11
13 112 19 [11]
14 133 19
[75] [155] 24
[95]
Mitjana 7 99 12 2 7
M-Mc: - 92 5 -5 0
DesvSt: 5 21 8 5 3
n° Plantes 9 10 7
REPET 2 2
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BA-A-E-07 CTRLDMSO | HCS | 207 - DMSO | 209 - DMSO
dosi (pg/planta) 0 1 1 1
[0] [92] [0] [0]
0 94 0 0
0 96 9 33
0 102 13 40
10 103 24 42
11 104 64 50
11 105 67 53
14 106 70 70
14 112 73 84
18 120 79 86
[23] [124] [92] [100]
Mitjana 9 105 44 51
M-Mc: - 96 36 42
DesvSt: 7 8 32 27
n° Plantes 9 9 9
REPET 3 1
BA-A-E-08 CTRL THF | HOMO | 201 -THF | 204 - THF
dosi (pg/planta) 0 1 1 1
(0] [64] [0] [0]
0 69 0 0
0 85 0 5
0 88 0 5
10 93 8 8
11 94 9 9
11 110 10 16
14 113 10 18
14 [118] 13 [26]
[18] 19
[25]
Mitjana 8 93 9
M-Mc: - 86 1
DesvSt: 6 15 6
n° Plantes 10 9 11 9
REPET 5 3 3
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BA-A-E-09 CTRL HCS 193 193 196 196 198 198 203 203 208 208
dosi (ug/planta) 0 1 1 1 1 1 1 1 1 1 1 1
[0] [90] | [O] [ [O] | [O] J[O] J O] f[(O] | (IO] | O] ] [0O] | [O]
0 93 0 0 0 0 0 0 0 0 0 0
0 106 0 0 0 0 0 0 0 0 0 0
0 110 0 0 0 0 0 0 0 0 0 10
6 112 0 0 0 0 0 0 0 0 0 11
9 117 10 0 5 4 0 0 0 0 4 12
11 127 12 11 5 4 0 6 0 0 5 12
11 [153] 12 12 7 7 11 7 0 5 5 13
12 13 [23] 9 15 12 [9] 9 10 9 13
13 15 (151 18 15 10 | 1121 11 13
[18] [22] [23] [ [15] [12] [14] | [27]
Mitjana 7 111 7 3 3 5 4 2 2 2 4 9
M-Mc: - - 0 -4 -4 2 -3 -5 -5 5 3 2
DesvSt: 6 11 7 6 4 7 4 4 4 5
n° Plantes 9 8 9 9 9
REPET 3 3 3 3
BA-A-E-10 CTRL | HCS 192 BA-A-E-14 THF | HCS | 200 -THF
dosi (ug/planta) 0 1 1 dosi (ug/planta) 0 1 1
[0] [59] [0] [0] | [89] [0]
0 77 0 92 3
0 78 0 95 6
0 84 0 105 )
6 86 5 107 18
! 89 6 10 110 19
10 9 8 25 111 30
10 92 8
[41] ]| [114] 31
12 110 9
[35]
13 111 [10]
[14] | [125] N
Mitjana 9 103 16
— M-Mc: 0 101 7
Miana 6 o1 S DesvSt: 8 8 11
M-Me: ~ 84 2 n° Plantes 6 6
DesvSt: 5 12 4
n° Plantes 9 9 Repet 4 4 >
Repet ; 2 4 2
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BA-AE-15 CTRL HCS 185 BA-A-E-18 CTRLDMSO | HCS | 195 (DMSO)
dosi (ug/planta) 0 ! ! dosi (ug/planta) 0 1 1
[g] [;i] [2] [0] [115] [0]
0 115 0
0 m 4 0 117 0
! 115 ! 0 123 0
2 120 ! 0 130 0
2 133 12 0 [136] 9
4 134 13 0 Py
10 [150] 16 0 12
[10] 19 5 P
20 10 [20]
22 [12]
22
24
71 Mitjana 1 121 6
88 M-Mc: - 97 5
[100] DesvSt: 3 7 7
n° Plantes 9 4 8
REPET 7 3
Mitjana 3 106 23
M-Mc: - 103 21
DesvSt: 3 41 25
n° Plantes 7 6 14
BA-A-E-22 CTRL-THF HCS 186 -THF | 189 -THF
dosi (ng/planta) 0 1 1 1
[0] [80] [0] [0]
0 82 13 0
2 106 19 0
3 112 22 9
8 113 24 10
9 117 25 10
9 129 29 11
10 [131] 29 22
10 [40] 23
[10] [25]
Mitjana 6 110 23 11
M-Mc: - 103 17 4
DesvSt: 4 16 6 9
n° Plantes 8 6 8
Repet ; 2 7 3
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BA-A-E-24 CTRL DMSO | HCS 191 194
dosi (ug/planta) 0 1 1 1
[9] [102] | [10] | [O]
20 107 15 12
31 108 17 12
37 109 19 12
45 112 22 15
60 112 24 15
[64] 118 25 15
120 30 20
[130] | [72] 22
[23]
Mitjana 39 112 22 15
M-Mc: -16 102 -7 -39
DesvSt: 15 5
n° Plantes 5 7
Repet ; 7 3
BA-A-E-26 CTRLDMSO | HCS | 202-DMSO | 197 - DMSO
dosi (ug/planta) 0 1 1 1
[21] [70] [5] [20]
22 84 7 20
23 89 7 29
28 95 9 29
30 98 10 40
39 102 12 52
62 105 [30] 69
81 106 85
87 109 [91]
[97] [112]
Mitjana 47 99 9 46
M-Mc: 35 87 -38 0
DesvSt: 26 9 2 24
n° Plantes 8 8 7
Repet ; 10 9
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BA-J-M-12 CTRL HCS 185 BA.J-M-15 CONTROL | HOMO 188
dosi (ug/planta) 0 1 1 dosi (ug/planta) 0 1 1
[0] |[[102] | [O] [0] [72] [0]
0 111 0 0 84 0
0 112 7 0 104 0
0 115 14 0 114 6
0 115 15 0 114 8
0 123 21 0 116 9
6 124 31 4 125 10
8 130 38 7 127 11
8 132 48 7 128 13
12 141 | [103] 8 [137] | [41]
[14] | [147] [12]
Mitjana 3 114 7
M-Mc: - 111 4
Mitjana 4 123 22 DesvSt: 4 15 5
M-Mc: - 119 18 n° Plantes 9 8 8
DesvSt: 5 10 16 REPET 2 5 2
n° Plantes 9 9 8
REPET 2 4 6
BA-J-M-16 CONTROL | HOMO | 187
dosi (ug/planta) 0 1 1
[0] [90] [0] BA-J-M-17 CONTROL | HOMO 184
0 100 0 dosi (ug/planta) 0 1 1
0 106 6 [0] [10] | [0]
0 106 14 0 85 0
0 106 14 0 94 0
0 107 15 0 100 4
5 110 15 4 104 8
7 112 16 5 113 8
10 115 23 7 124 9
10 117 23 8 126 10
[13] [120] | [59] 9 134 10
10 137 11
10 [157] 11
Mitjana 4 109 14 10 [15]
M-Mc: - 105 10 [13]
DesvSt: 4 5 7
n° Plantes 9 9 9 Mitjana 6 113 7
REPET 2 2 3 M-Mc: - 107
DesvSt: 4 18 4
n° Plantes 11 9 10
REPET 2 6
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BA-J-M-18 CONTROL | HOMO | 184
dosi (ug/planta) 0 1 1
[0] [43] | [0]
0 91 0 BA-J-M-19 CONTROL | HOMO | 190
0 96 0 dosi (ug/planta) 0 1 0
0 103 | 0 [0] (751 | [0]
0 104 0 0 80 0
0 105 0 0 109 0
3 108 0 0 111 0
7 111 5 3 116 0
10 111 6 5 125 0
12 112 7 6 127 0
[13] 115 8 7 153 0
[123] | [9] 9 155 7
9 156 [11
Mitjana 4 106 3 [13] [158]
M-Mc: - 102 -1
DesvSt: 5 8 3
n° Plantes 9 10 10 Mitjana 4 126 1
REPET 2 3 2 M-Mc: - 121 -3
DesvSt: 4 25
n° Plantes 9
REPET 2
BA-X-24 CTRL | HCS | 205 | 207 -DMSO | 209 - DMSO
dosi (ng/planta) 0 1 1 0.5 0.5
[0] | [76] | [0O] [3] [3]
2 82 3 3 3
2 83 3 4 5
2 85 3 4 5
3 92 4 5 5
3 97 5 6 5
5 99 5 7 5
5 99 8 8 8
[7] 105 | [8] 9 15
[108] [9] [18]
Mitjana 3 93 4 6 6
M-Mc: - 90 1 3 3
DesvSt: 1 9 2 2 4
n° Plantes 7 7 8 8
Repet ; 1 1 1 1
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BA-X-26 CTRL DMSO | HCS 205 205 209 - DMSO | 207 - DMSO
dosi (pg/planta) 0 1 1 1 0,5 0,5
[0] [93] [9] [4] [4] [0]
0 112 11 7 7 5
0 115 13 8 11 9
2 119 26 8 20 10
4 122 35 9 49 15
4 128 84 9 57 17
7 128 98 9 [70] [71]
7 [130] | [111] 15
8 20
[14] 42
[102]
Mitjana 4 121 45 14 29 11
M-Mc: - 117 41 10 25 7
DesvSt: 3 7 37 11 23 5
n° Plantes 8 6 6 9 5 5
Repet ; 2 3 15 4 10 2
BA-X-29 CTRLDMSO | HCS | 209 - DMSO | 207 - DMSO
dosi (ug/planta) 0 1 0,1 0,1
[0] [99] [2] [2]
0 100 3 4
1 116 4 4
3 117 4 5
5 [122] 5 7
6 8 7
6 9 8
[7] [11] 9
[10]
Mitjana 4 111 6 6
M-Mc: - 108 2 3
DesvSt: 3 10 2 2
n° Plantes 6 3 6 7
Repet ; 1 6 1 1
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ANNEX: BIOASSAJOS

BA-X-30 CTRLDMSO | HCS | 207 - DMSO | 209 - DMSO | 207 - DMSO | 209 - DMSO
dosi (ug/planta) 0 1 2 2 5 5
[0] [95] [0] [3] [5] [6]
0 99 7 9 5 7
3 102 8 13 8 9
4 102 9 16 9 17
5 [115] 10 22 9 41
6 19 36 10 42
6 23 44 11 76
7 29 47 86 76
8 41 [77] [109] [85]
[8 [57]
Mitjana 5 101 18 27 20 38
M-Mc: - 96 13 22 15 33
DesvSt: 3 2 12 15 29 29
n° Plantes 8 3 8 7 7 7
Repet ; 1 1 4 6 11 11
BA-X-10 CTRL | HCS 210 211 215 224 225
dosi (ug/planta) 0 1 1 1 1 1 1
[0] | [82] [ [91 | [7] |[12] ) [6] | [6]
6 113 11 12 12 8 6
7 119 14 16 62 9 7
7 119 64 18 74 21 11
8 120 74 40 82 22 13
10 121 80 62 85 25 16
10 136 84 64 88 52 16
10 [146] 86 66 [98] 81 32
10 [89]][88] 88 51
[13] [93] [ [84]
Mitjana 9 121 59 40 67 38 19
M-Mc: - 113 51 31 59 30 11
DesvSt: 2 8 33 24 29 32 15
n° Plantes 8 6 7 6 8 8
1 3 12 9 12 11 5
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ANNEX: BIOASSAJOS

BA-X-11

CTRL | HCS 210 211 215 224 225

dosi (ug/planta)

[8] |[100] | [9] | [8] [ (8] |[MMI[ [7]
9 111 9 15 8 12 10
9 116 28 56 9 20 10

12 119 81 71 18 22 10

12 [124] 83 76 28 25 14

13 87 81 44 29 24
13 93 84 57 62 35
[85] [95] 87 75 69 36
[93] 81 77 [57]
83 [79]
[96]
Mitjana 11 115 64 67 45 40 20
M-Mc: - 104 52 56 33 28 9
DesvSt: 2 36 25 31 25 12
n° Plantes 7 6 7 9
Repet ; 1 15 10 10 9 5
BA-X-12 CTRL | HCs 210 215 224
dosi (ug/planta) 0 1 0.1 0.1 0.1
(0] | [88] | (5] | [4] | [0]
3 96 4 4
5 99 8 4 5
5 [100] 5 6
5 11 6 7
5 15 6 8
5 15 6 8
6 [18] 10 8
[10] [10] 9
[17]
Mitjana 5 98 11 6 7
M-Mc: - 93 6 1 2
DesvSt: 2 4 2 2
n° Plantes 6 7 8
REPET 2 1 1
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ANNEX: BIOASSAJOS

BA-X-13 CTRL | HCS 210 211 215 224 225
dosi (ug/planta) 0 1 0.1 0.1 0.1 0.1 0.1
[0] [78]1 | [7] [3] [0] [4] [4]
0 94 8 5 8
0 95 11 7 4 7 10
2 104 13 7 5 9 12
3 108 51 12 7 16 27
3 [119] 81 19 26 41 76
4 [94] 25 83 73 81
5 76 [97] 96 90
[5] 84 [109] 100
95 [107]
[104]
Mitjana 2 100 33 37 21 35 51
M-Mc: - 98 30 34 19 33 48
DesvSt: 2 7 32 37 31 36 40
n° Plantes 7 4 5 9 6 7 8
Repet ; 1 14 12 13 14 14
BA-X-14 CTRL | HCS 210 211 215 224 225
dosi (ug/planta) 0 1 0.1 0.1 0.1 0.1 0.1
[4] | [85] [7] [71 [ [8] [0] | [10]
4 97 8 7 9 8 13
4 105 11 7 10 12 20
5 116 28 15 10 12 20
5 118 29 19 11 14 22
6 [121] 32 22 15 16 30
7 38 26 24 16 50
8 55 37 24 31 51
9 105 62 33 39 [71]
[9] [114] 89 58 77
[96] | [68] | [107]
Mitjana 6 109 38 32 22 25 29
M-Mc: - 103 32 26 16 19 23
DesvSt: 2 10 31 27 16 22 15
n° Plantes 8 4 8 9 9 9 7
Repet ; 1 5 11 5 6
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ANNEX: BIOASSAJOS

BA-X-15 CTRL | HCS 210 211 215 224 225
dosi (ug/planta) 0 1 0,01 0,01 0,01 | 0,01 | 0,01
[0] [76] | [6]1 [ [51 | [51 ) [7] ] [5]
0 91 8 6 9 7 6
0 95 8 6 11 8 6
0 99 10 7 12 9 6
5 103 12 8 14 9 6
5 106 12 9 19 13 7
7 107 14 10 34 37 9
7 108 17 12 79 59 9
7 118 29 16 87 72 9
7 [126] | [69] 24 [96] | [86] | [64]
[8] [64]
Mitjana 4 103 14 11 33 27 7
M-Mc: - 99 10 7 29 23 3
DesvSt: 3 7 6 32 26 1
n° Plantes 9 9 8 8
Repet ; 2 3 3 2 11 9 1
BA-X-16 CTRL | HCS 210 211 215 224 225
dosi (ug/planta) 0 0,03 0,01 0,01 0,01 0,01 0,01
(01 | 881 | (0] | (41 | (71 | (01 | (5]
0 90 2 5 7 0 6
4 91 5 6 7 5 6
5 92 7 6 9 6 8
5 92 7 7 10 6 8
5 95 8 8 13 10 9
6 101 13 8 14 12 10
6 107 16 9 18 14 16
[18] | [110] | [25] 9 18 18 16
11 23 [26] | [20]
[141 ] [71]
Mitjana 4 95 8 8 13 9 10
M-Mc: - 91 4 3 9 4 5
DesvSt: 2 6 5 2 6 6 4
n° Plantes 7 7 7 9 9 8 8
Repet ; 1 2 1 2 2 2
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ANNEX: BIOASSAJOS

BA-X-E-08 CTRL HCS 210 211 212 214 215 | 216 | 218 | 219 | 221 | 223 | 224 | 225 | 227 | 229 | 230
dosi (ug/planta) 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o1 [ o [om [ s [ s [ s Jron [ s Jear [eor sy [ror Jomi[ior [ s [ 1o
3 110 18 1" 9 8 5 12 5 8 12 5 17 18 10 8 7
3 110 29 16 18 9 11 12 8 9 12 7 26 20 10 10 9
5 114 39 18 18 1M 13 14 8 9 13 8 32 22 10 10 12
5 114 43 32 18 12 20 14 10 9 13 8 36 26 10 12 14
6 121 58 34 18 16 31 17 1" 10 14 9 41 35 1" 13 15
7 123 65 79 20 19 52 19 15 12 14 10 52 82 12 14 |[25]
7 125 65 87 22 21 72 27 15 14 15 10 67 |[[89] 13 |[28]
8 [125] [95] 95 40 [25] 87 32 ([24]|[18] 16 11 [82] [20]
10 too1 | re21 o21] 48 19 | 14
[12] [64] [20]][51]
Mitjana 6 117 45 47 20 14 36 22 10 10 14 9 39 34 1" 11 11
M-Mc: 111 39 41 14 8 30 16 4 4 8 3 33 28 5 5 5
DesvSt: 2 6 18 35 9 5 31 12 4 2 2 3 17 24 1 2 3
n° Plantes 9 7 7 8 8 7 8 9 7 7 9 9 7 6 7 6 5
Repet ; 1 2 7 12 3 2 1 4 2 1 1 1 6 10 1 1 2
BAX-E09 | (IR | SIRC | HCS | 213-THF | 217 - THF | 226 - THF | 220 - THF (D§/|2320) (Dﬁ/IZSSO) (D§A3§O) (D§A3820)
(Hg;’p‘?:'nta) 0 1 1 1 1 1 1 1 1 1
[0] 4] [89] [0] [0] [4] [0] [0] [4] [0] [3]
0 5 99 0 5 0 5 0 4
0 5 110 9 8 11 8 7 5
3 7 112 11 8 12 8 8 8 6
3 8 113 12 10 12 11 10 9 8
4 9 114 16 20 11 13 11 11 10 10
4 9] | 115 17 27 14 14 11 14 10 15
6 (127]| 27 29 16 19 12 16 11 21
6 [29] [69] 24 [25] 14 24 14 | [29]
6 24 15 24 | [26]
[6] [25] [15] [25]
Mitana | 4 7 111 13 14 13 12 10 13 9 10
M-Mc: - 3 107 10 11 10 8 7 2
Desvst: | 2 2 6 11 7 6 4 7 4
ne Plantes | 9 8 6 9 7 11 9 8 10
Repet, | 1 1 3 3 4 2 2 2 2 2 2
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