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Introduccio

Modificadors de una reaccio: 8 opcions possibles
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Introduccio

Un exemple: reaccio de Hajos-Parrish — reaccio aldolica
catalitzada amb prolina

discovered in 1970's discovered in 2000
intramolecular PaNAA V2N intermolecular

INTER vs
INTRAMOLECULAR

Hajos-Parrish
reaction
cat. by proline

Aldol reaction
cat. by proline

97%, 96% ee

OH
99%, 93% ee

Benjamin List: Premi Nobel conjunt de Quimica 2021
per al descobriment de I'organocatalisi
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Introduccio

Experiencia previa (Universitat de Manchester)

molybdopterin (MPT) bryostatin 1
(Co-factor of (from marine bryozoa)

mo[ydenum enzymes) anti-cancer activity
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Punt de partida: Intentar la Sintesi Total d'Aspernomina

Isolated from
‘n,, Aspergillus species
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H _ Active against three
3,4-Benzomorphan Aspernomine human tumor cell lines

6
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heroin: Ac Ac
codeine: H Me
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Sintesi de productes

naturals

Objectius alternatius completats

analeg de cetona de
Wieland- Miescher

@)

cetona

Wieland-Miescher

O

J. Am. Chem. Soc.
2010, 132, 5966. N

anominine

Aspergillus nomius
(metabolit fungic amb
propietats contra insectes)

J. Org. Chem.
2005, 70, 3749.

— CHO

xylarenal A
® /nhibici6 integrasa del VIH-1

W citotoxicitat cap a
linies cel-lulars de leucemia

o O,H
Chem. Eur. J.
2014, 2, 395.

aignopsanoic acid & microcionin

Actiu contra Trypanosoma brucei,

(parasit responsable de la malaltia
del son)




Sintesi de productes
naturals

Un protocol senzill per a la sintesi d'analegs WMK
(escala de 15 g)

B” NP7 \Si~ s se

CANVIAR L'ELEMENT
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acac cop. dmpe
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MODIFICAR GRUP FUNCIONAL
QUE REACCIONA

O O e
Sl =
Adv. Synth. Catal. 2009, 351, 2482-2490.
Organic Syntheses, 2011, 88, 317-329.
Organic Syntheses, 2011, 88, 330-341.

Review: Synlett, 23, 337-356.
ChemCatChem, 2019,11, 4064— 4071.
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cis-Decahidroguinolines mitjancant organocatalisi asimetrica:

aplicacio a la sintesi total dels alcaloides flegmarins

(o)
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organocatalyzed
Robinson/aza-Michael

O Ph
H 'l'//f/Ph

OSiPh,

(). LIOAC
toluene

t-BUOzC

(ii). LIOH-H,0,
iPrOH, H,0
72% yield
85-90% ee

HOI:I

Me™

— T ity

|
Ts
building block for multiple
total syntheses
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O
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decahydroquinoline

ring system

Serralongamine A

lycoposerramine Z cermizine B Serratezomine E
Chem Comm. Org. Lett. J. Org Chem
2015, 17, 5084. 2016, 81, 2629

Org. Lett.
2013, 15, 326.

2014, 50, 7099.



Introduction

Sintesi d'octahidroindols

t-BuO

Me/MO HN

Remove

1 carbon l

Ts toluene, 0 °C, 24 h

[4] VARIA MIDA
DE L'ANELL
@ & POSICIO

000

0.
N ",,I/Ph
H

(i). Lioag OSPNs

toluene
(ii). LIOH-H,0,
iPrOH, H,O

Ph

'y Ph
i
) H OSiPh,
LiOAc (0.5 equiv)

=
Et,N.-Nt-Bu
iii) PS-BEMP
(1 equiv)
iPrOH, rt, 72 h

H

N
Ts

Tun

H

8 examples
up to 95% ee

\
Ts
octahydroindole ring system

Tuw

J. Org. Chem., 2016, 81, 10172.
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Sintesi asimetrica organocatalitzada de morfans VARIA MIDA

DE L'ANELL

[4]
@ & POSICIO
000

0.
N "'/,I/Ph
H R

O O -
(i). LioAc OS1Phs H
t-BuO | . to.Iuene - t-BuO
AR +(ii). LIOH-H,0, ) 2
Me o H? . IPrOH, H,0 Me a N
1 S 1
4 ik ek decahydroquinoline
S 3 ring system
move tethered NHTs
to enal component O Ph
o 0 N "'/II/Ph s
J\/”\/R _H OSiPh, R 9 examples
t-BuO (i). LiOAC N
................... > ee up to 92%
TS\N/\/MO i. .LiOH-HZO HO
H IPrOH, Hzo COzt-BU
morphan ring system

Bradshaw, B.; Parra, C.; Bonjoch, J. Org. Lett, 2013, 15, 2458.
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Sintesi de productes

naturals

Estrategia de reduccid divergent amb MHAT a la literatura
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Kinetic
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o
Thermodynamic

selectivity

Shenvi et al. J. Am. Chem. Soc. 2014, 136, 1300
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Sintesi de productes

naturals

Que és la transferencia d'atoms d'hidrogen catalitzat per
metalls (MHAT)?

Fe, Co, H acceptor

H
Mn cat. X
RID > ! X
= 3 > R, —
Wj\\,R PhSiH; Et,SiH R? R
R or NaBH, R2 R'R?
‘ radical lliure selectivitat

M(ligand), l Markovnikov

H

 Condicions de reaccio suaus i

) .  De baix cost
reactius no toxics
MHtAT .  Facilment
reactions J. Potencials nous enfocaments disponibles

de desconnexio per a la
formaci6 d'enllacos C-C
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Intent de reduccio divergent utilitzant condicions MHAT

=
H2, Pd/C N | + -
LiOH (5 equiv) N N

i H - i H
MeOH B O R
> ——
94% - N o N
= | dr 97:3 H 1 H H
S Ts
N | H lycoposerramine Z

Org. Lett. 2013, 15, 326
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Mn(dpm); (1 equiv),
PhSiH; (2.5 equiv)

DCE, 60 °C, 24 h
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___________________ serratezomine E
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Inversio completa de I'estereoselectivitat mitjancant el
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Sintesi de productes

naturals

Aplicacio de condicions de reduccio de MHAT

per a la sintesi total

Nakamurol

J. Org. Chem
2003, 68, 7400

Pd/C, H, o NH
dr 1.5:1
—>
PtO,, H, -
. dr 3:1 A Anominine
. Jesired epimer Model Studies
' 4 esl P Org. Biomol. Chem.,
+ 2008, 6, 772
) @)
""""" O CO.H
New reductive - =
HAT conditions? z Aignopsanes
inseparable epimer Chem. Eur. J.,

2015, 21, 395




Metodologia

Una ciclitzacio MHAT inesperada

O  Mn(dpm); 0 ; 0
PhSiH;, DCE )s\< :
o '
60 °C, 24 h E
H H H no observat
[ Me | [ Me ] Me
Me— Me—
Me e —
ﬁ Li@ Li@H
i MeO _ i Me . | Me

92%



Metodologia

Els carbonils no actuen normalment com a acceptors de
radicals a causa de la reversibilitat de la reaccio

més estable menys estable

@)
lk. QO. atrapar el radic»al OH
o
( generar el radical
N @ -
' - epical - e.g.
v b-scission 1 photocatalysis
reduccio
OH  [Ir(dF(CF3)ppy)2(5,5"-d(CF3)bpy)]PFe O
%\W PBu,*(MeO),POO", TRIP-SH %W
 u H
toluene, blue LEDs
R2 R2
p— v O. — p— . O —
RU| oo, > XLW
i R* _ i RZ
Knowles et al. J. Am. Chem. Soc. 2019, 141, 1457
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Metodologia Part 1. Optimitzacio de la reaccio

Metodologia

Me
O [M]
PhSiH; (2.5 equiv) I
- Me
solvent \
OH

1 ) Me
Entry Metal (equiv) Solvent T(°C) Time (h) Yield
1 Mn(dpm), (1) DCE 60 24 92%
2 Mn(dpm); (1) EtOH 60 24 86%
3 Mn(dpm); (0.2) DCE 60 24 79%
4 Fe(acac); (0.2) DCE 60 24 30%
5 Fe(acac), (0.2) EtOH 60 24 95%
6 Fe(acac), (0.2) EtOH 60 3 92%
7 Fe(acac); (0.2) EtOH 25 24 95%
8 Fe(acac), (0.2) EtOH 25 3 59%




Metodologia

Metodologia Part 2. Determinar el “Substrate Scope”

( )
? HAT conditions R3 OH
R3 Fe(acac); (0.2 equiv) )
R’ PhSiH; (2.5 equiv) R
A > R
R EtOH, 60 °C, 3-24 h v ~H
\ J
Me Me
O
0 68% —
74% MeZI i 6 MeLI i
Me OH OH Me

Me Me

O
@)
O
2 3d
/3|X 5 Me ©F ‘/<(/|X LM OH
C 6 e
Va

H-Fe(acac), radical stability H-Fe(acac), steric impediment

Me
J\@
73%
o



“Substrate Scope”

o) Me
R Me e CO,Me
Me R=H:5% o Lo o4
O ¢ DI OYR HO H —
o R = Me: 60% | CO,Me
g —m >
o O
H \ / O O
Me Me \__/
6-membered ring compounds
O Me
== 579 P 0 Me, OH
7 0 S
COEt 225 Pth 81% Me
CO,Et \

Ph
cis-hydrindane compounds acyclic compounds
o OH o OH Me
50% 40%

Me
CO,Me 0 N/W \
|
CO,Me Ts | H s
O .
bridged compounds heterocyclic compounds

Saladrigas, M.; Bosch. C.; Saborit, G. V.; Bonjoch, J.; Bradshaw, B.
Angew. Chem. Int. Ed., 2018, 57, 182.



Metodologia

Aplicacio a la sintesi de productes naturals

botrydial
Botrytis cinerea :
(fungal plant pathogen) ===

(=)-presilphiperfolan-8a.-ol
Eriophyllum staechadifolium
(Californian coastal plant)

Me Grubbs 2" gen.

H toluene Fe(acac)s
3 80 °C, 24 h PhSIH
Me = >
X _Me 54% EtOH
60 °C, 10 min
Me Me 66% o
2 steps from (R)-pulegone 4-eplf-opI;enSI8|p:llper

M. Saladrigas, E. GOmez-Bengoa J. Bonjoch, B. Bradshaw, Chem. Eur. J. 2023,
doi.org/10.1002/chem.202203286.



Metodologia

a-Amines terciaries

Me convertir l'oxigen Me
analeg de en n;t;c;gen access to new
l'amantadina MeJ1 ] .oeee- P > | Me Coa,’gt’g’r 2ld s
amb un oxigen pou
Me ©OH Me NH:2
NH, HO 4 9 cN
0 O \)j\ N HO  \H
N ci| -
N o | e
OH
amantadine Anti-HSV agent Vildagliptin® Cisplatin analogue
Parkinsons and Herpes simplex virus Type 2 diabetes Anti-cancer agent

type A influenza virus



Metodologia

MODIFICAR GRUP FUNCIONAL
Acoblament MHAT amb C=N QUE REACCIONA
&»O — \>O
=
Me
Fe(acac)s
O RNH, N\R (0.2 equiv) Me--
— —_— L
conditions® PhSiH; EtOH N,R
60 °C, 3 h Me
1 2a-2h 3a-3f
entry R yield [%] yield [%]
1 NHCbz 2a (97) 3a (98)
2 NHBoc 2b (82) 3b (90)
3 OMe 2c¢ (98) 3¢ (87)
4 NHPh 2d (98) 3d (19)
5 NMe, 2e (98) 3e (8)
6 NHTs 2f (98) 3f (18)
7 NH, 2g (50) nd
8 Bn 2h (55) nd




Metodologia

Exemples seleccionats

.............................................

Cbz
707

.............................................

NNHCbz

Me
NNHCbz NHNHCbz
NNHCbz NHNHCbz | ! CbzHN-NH ~ Me
: : ?oc H N
. , :
: ' N e
i 98% Me i SN 719 N
E NHCbz Boc
Me
HN-NH ' H N
/
Cbz H,, Pd/C



Metodologia

Estudi previ: Observacio d'una reaccio secundaria

Me
Fe(acac)s
O RNH, N\R (0.2 equiv) Me—
—_— —_— L
conditions? PhSiH; EtOH N,R
60°C, 3 h Me
1 2a-2h 3a-3f
entry R yield [%] yield [%]
1 NHCbz 2a (97) 3a (98)
2 NHBoc 2b (82) 3b (90) volatile
3 OMe 2c¢ (98) 3¢ (87) T /
4 NHPh 2d (98) 3d (19) Me
5 NMe, 2e (98) 3e (8) Me
6 NHTs 2f (98) 3f (18)
7 NH, 2g (50) nd Me
8 Bn 2h (55) nd




Metodologia

MHAT per generar Adamantanes substituits

| Fe(acac);

=z PhSiH; Me

Me

Me

Me

Z>Co,Me Me
y

Me CO,Me

MODIFICAR GRUP FUNCIONAL
QUE REACCIONA

MILLORA SEGURETAT | EFICIENCIA

%

TOXICA per EXPLOSIVEto QUIMICA
NO TOXIC NOT EXPLOSIVE VERDA

N~ Ph Benzene, reflux

./ 3h

Reaction Precedent: Kim, Lee et al. J. Am. Chem. Soc., 1991, 113, 9882.

Ph
N
n-Bu;SnH, AIBN I
A - - NH,
| X N

reagent used

CN

potentially explosive!!
keep in solution <5°C




Metodologia

Sintesi de compostos semblants a 'adamanta

substituits mitjancant una reaccié tandem MHAT

R1
R’ o TsNHNH,, (0.9 equiv), EtOH )
rt, 5 h R
then acceptor -
R2 Fe(acac); (2 equiv), PhSiH3(2.5 equiv) Me R
54 THF (0.08 M), t-BuOH (10 equiv), 12a-k
60 °C, 24 h
product
Me Me Me Me
Me Meﬁ/\ Me Me
Me CO,Me Me CN Me 0 Me
94% 88% o
82%
69%
Me Me H H
Ph H3C
Me Me
,Me
Me N‘Me Me O Me CO,Me Me CO,Me
O

60% O 929 ~ Ph N 80% 73%

Puig et al: Manuscript in Preparacio



Me

Metodologia

Sintesi d'heterocicles que incorporen un bloc de
construccio d'amantadina

toluene Ve EtOH/CHCls e
110 °C, 8 h, 88% 50 °C, 24 h, 84%
Me Ji N\ Me o) Me JiI N\

Ph
e O~ gy, Ph PR N

Ph



Acoblament MHAT intermolecular de tosilhidrazones

NNHTs " ph

Fe(acac); (0.4 equiv)
PhSiH; (2.5 equiv)
>

NC EtOH, rt, 24 h

Application of the reaction. Formal Synthesis of Methamphetamine

NC

'l's
_NH
N AAC  Fe(dpm)s PhSiH;
| N EtOH, 1t, 8 h
.\ W Me -
then NaOAc
80°C,1h

51%

NHNHTs

Me

H H Ac

N

Me

Ph

then add
Et3N and
heat for 1 h

PN VAN

INTER vs
INTRAMOLECULAR

@

“Me hydrolysis

described in
the literature

> Me
NC

£

- =

NDC 0054-0389-25 100 Tablet - |
Methamphetamine |
Hydrochloride @
Tablets USP

HH H e -
Me
Me
Methamphetamine




Simplificaci(’) dels
prod. naturals
Part 3: Convertir productes naturals complexos en productes
farmaceutics

Sintesi de
productes
naturals

4
' 4

Sintesi
Farmaceutica




Simplificacic') dels
prod. naturals

Reduccio de la complexitat

Design new reactions
Target < —

...........................................

B2 ES AT ESFATEER AR AR

2T EEITS

Target complexity

Madangamine A
(Activitat contra el cancer)

baixa biodisponibilitat . .
Massa complex per sintetitzar |deal Practical Impractical

amb quantitat Number of steps

O
D
ml
0Q
>
ox
®
’—l-.
f_l-
®
-
f_l-
Q)
N
0Q
M
f_l-
0




Eliminar la funcionalitat pot simplificar molt la sintesi

Una part important d'un producte natural
pot ser innecessari per a la seva activitat biologica.

Elimina les funcionalitats innecessaries

’

sintesi simplificada Analegs més actius?




Simplificacié dels

prod. naturals

Exemple: de briostatina a "briolog"”

* En el compost anticancerigen briostatina només el fragment sud
Interacciona amb la diana.

* En eliminar la funcionalitat innecessaria del fragment nord de la

sintesi es fa considerablement més curta
[

H OAc spacer to maintain
; "shape" of the molecule

natural bryostatins

>70 steps to synthesize bryolog hesi
. . <
0.8-5.8 nM activity 30 : tipl\: t:cstyi/\r;:t;sze

P. A. Wender G. R. Pettit et al, Proc. Natl. Acad. Sci. U. S. A., 1998, 95, 6624



Simplificacié dels
prod. naturals

Tornant a la sintesi de lI'aspernomina

Isolated from
Aspergillus species

\\\(:)*'i

W
TLLLD

anominina
Propietats insecticides
Sense activitat contra el cancer

aspernomina
Activitat contra diverses
linies de cel-lules tumorals
humanes



Simplificacié dels
prod. naturals

Sintesi del nucli aromatic de I'aspernomina

O
K,CO3 (10 equiv) ¢0zMe
NMP (0.01 M)
> R
R COzMe Stirring plate N O
NO, 1h, 150 °C H
CO,Me CO,Me CO;Me
F
F N © Cl N O Br N ©
H H H
4b, 64 % 4c, 61 % 4d, 55 %
CO,Me CO,Me
@]
N MeO N ©
= H H

4f, 73 % 49, 76 % 4h, 50 %



Simplificacié dels

nrod. naturals

Avaluaci6 de les propietats biologiques

MeOzC
“Screening” general de la citotoxicitat dels productes contra

cel-lules MCF-7 (cancer de mama) O

Ir=z




Simplificacic’) dels
prod. naturals

IC50 (uM) against MCF-7

200

180

160

140

120

100

80

60

40

20

—1

Aspernomine

Avaluacio de les propietats biologiques

General screening of the citotoxicity of the
products against MCF-7 cells (breast cancer)

77.7 uM 77.6 uM

I I B

67.8 uM

CO,Me O,Me CO,Me CO,Me

dﬂ@ﬂm@@m

Br

Compound of interest

54.2 uM

CO,Me

N
H

0]

77.9 uM

182 uM




Simplificacic’) dels
prod. naturals

IC50 (uM)

Avaluacio de les propietats biologiques

14
12 . . .

Evaluation of the activity of the best MeO,C
i analogue against a variety of cancer

cell lines O \ 0
: 4h H
6

4.3 uM 43 uM 4.7 1M
24uM 26uM
2
0
Aspernomine MCF7 (breast) PC3 (prostate) MDA-MB-231 SKBR3 (breast) = MiaPaCa Hela (cervix) HT29 (colon) 453WT (breast)
(breast) (pancreas)
Compound

Rodriguez, L. G; Delgado, A.; Ciudad, C. J.; Noé, V.; Bonjoch, J; Bradshaw, B.
J. Org. Chem., 2022, 87, 15693.



Simplificacié dels
prod. naturals

Mecanisme d'actuacid proposat

O OMe irreversible binding OMe




Conclusions
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Una visid general del desenvolupament de projectes de recerca

APLICAR La literatura
MODIFICACIONS cientifica |
LOGIQUES

T Combina

Publicar

conceptes
existents

Reaccions de transferéncia
d'atoms d'hidrogen
catalitzat per metalls (MHAT)

1 (_m—\l'\//l(ligand)n I
R1D
%\R(B
acceptorl
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