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DERIVADOS DEL FURANO. PRODUCTOS NATURALES

ACIDO HISPANOICO

Aislado de la ballota hispanica, una planta que
crece en espana

WORTMANINA

Antibiotico, antifungicida que se obtiene de la
penicillium wortmanni




DERIVADOS DEL FURANO. PRODUCTOS NATURALES

/ \ O Aldehido del salvado (del latin furfur, salvado)

O
H
FURFURAL
H
/ \ S/ Es uno de los compuestos responsables del
aroma del café tostado

O

FURILTIOL

Es uno de los terpenoides, un metabolito de las
plantas



DERIVADOS DEL FURANO. PRODUCTOS NATURALES
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ACIDO ASCORBICO
(VITAMINA C)

El enantiomero L (levogiro) de este acido comunmente se conoce como vitamina

C.

El nombre

"ascorbico"

proviene

del

prefijo

a-

("sin")

y

del latin scorbuticus ("escorbuto"), procede de su propiedad de prevenir y curar
el escorbuto.



PIRROL.:

Se aislo por primera vez en 1857, de la pirdlisis de
huesos. La palabra deriva del griego pyr, op, 'fuego’,
'fiebre' pyrr- TTuppO¢ gr. (adj.), 'de color fuego'
Neologismos que usan el lexema

pirrol; pirrolinaLexemas que tienen la misma raiz pyr(o)-
gr., 'fuego’, 'fiebre'; pyret(o)- gr., 'fiebre’

PYROS: ROJO
(ASTILLA DE PINO IMPREGNADA CON HCI)
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DERIVADOS DEL PIRROL. PRODUCTOS NATURALES

La prolina, es un amindacido con un grupo amino secundario dentro de
un anillo de cinco miembros, con el nitrogeno y el carbono o formando
parte de la estructura ciclica

O
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METODOS DE SINTESIS

ANILLOS HETEROCICLICOS DE 5 MIEMBROS
CON UN HETEROATOMO

Pirrol Furano Tiofeno




Pirrol
ER = 21 kcal/Mol
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Benceno
ER = 36 kcal/Mol
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Furano
ER = 16 kcal/Mol
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Tiofeno
ER = 28 kcal/Mol
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COMPUESTOS m-EXCESIVOS: FORMAS RESONANTES CON CARGA
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FURANO
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OH HO OH
Estructura quimica parcial de un arabinoxilano pentosano: una estructura
principal lineal de [(-1,4-d-xilopiranosilo unida con cadenas laterales unidas
aleatoriamente de a-1-arabinofuranosilo en las posiciones 2 y/o 3 de la cadena
de xilosa

Beckendorff, A., Lamp, A. & Kaltschmitt, M. Optimization of hydrolysis conditions for xylans and
straw hydrolysates by HPLC analysis. Biomass Conv. Bioref. 2023 ,13, 3361-3374.
https://doi.org/10.1007/s13399-021-01429-6
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HO OH
O 0 O
Hﬂmm K[)—(
OH H

Cellulose — Glucose —— Hydroxymethylfurfural

» OrganicAcids

Humin
/' " byproducts '\
Hemicellulose . Xylose . Furfural
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METODOS DE OBTENCION DE FURANO

HO HyO*
100 °C
(CsHgOy)y — -

pentosanos Pentosa

Piranoxilanosa

i/ \ - 2H,0
Furfural o~ TCHO
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DESHIDRATACION DE AZUCARES

HO OH
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HIDROLISIS DE UNA
CADENA DE
PENTOSANA DE
n=4
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R?E Mﬂ:z OH OH O
H—C=OH HO—C=H HNO4 HO oM
HO— C—H H—C OH > O OH OH
HO— (I:' H H— (|3 OH Acido mucico
H—(l:—OH HO—(IZ—H Acido galactarico
CH,OH CH,0OH
D-GALACTOSA L-GALACTOSA
HO OH
m : @
—_— e
HOOC O0OH -3 H,0, -CO, COOH
HO OH

Acido piromucico
Acido furoico
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METODOS DE OBTENCION DE FURANO
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METODOS DE OBTENCION DE FURANO
SINTESIS DE PAAL-KNORR
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METODOS DE OBTENCION DE FURANO
SINTESIS DE PAAL-KNORR

TsOH cat.
PO AT SN E-N 'S
Bu +Bu “ B } t-Bu -Bu 0 +Bu -Bu o -Bu

00 00,
3 H H DH —
Mecanismo de la reaccion
il il ) )
)li?_')lztl\ Et t
Fesn o[

Intermediates in the Paal-Knorr Synthesis of Furans
Venkataraman Amarnath, and Kalyani Amarnath
J. Org. Chem., 1995, 60 (2),301-307
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Facile Microwave-Mediated Transformations of 2-Butene-1,4-diones and 2-Butyne-
1,4-diones to Furan Derivatives

H. S. P. Rao, S. Jothilingam, J. Org. Chem., 2003, 68, 5392-5394.
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Reaccion Eschweiler-Clarke
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R—NH, =— R-N

https://en.wikipedia.org/wiki/Formic_acid#/media/File:Eschweiler-Clarke_Reaction.svg

Reaccion de Leuckart

Es la reaccion quimica que convierte aldehidos o cetonas en aminas por aminacion
reductiva en presencia de calor. La reaccidn, que lleva el nombre de Rudolf Leuckart,
utiliza formiato de amonio o formamida como donador de nitrdgeno y agente
reductor. Requiere altas temperaturas, generalmente entre 120y 130 ° C; para la
variante de formamida, la temperatura puede ser superior a 165 ° C

O
+ —
0 NH; HCOO HNJJ\H H+ NH-
t —
R{” "R, R1)\R2 R/ "R,
1 2 3

https://en.wikipedia.org/wiki/Leuckart_reaction#/media/File:Leuckart_Reaction_Scheme.png

Universidad Nacional Auténoma de México
Facultad de Quimica
Dr. Fernando Le6n Cedefio

32

&




Synthesis of Tri- and Tetrasubstituted Furans Catalyzed by Trifluoroacetic Acid

F. Stauffer, R. Neier, Org. Lett., 2000, 2, 3535-3537.
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Microwave-Assisted Paal-Knorr Reaction - Three-Step Regiocontrolled Synthesis of
Polysubstituted Furans, Pyrroles and Thiophenes

G. Minetto, L. F. Raveglia, A. Sega, M. Taddei, Eur. J. Org. Chem., 2005, 5277-5288.

Product

CO,Me
#" EHE’L‘“Ph
L“F-h

COMe

Universidad Nacional Auténoma de México
Facultad de Quimica
Dr. Fernando Le6n Cedefio

i O e
0
Yield (%, isol)
BB
B2

A eq.

ACOH

[ —

W 150 12 ik

I 170°C, npe'nweasel

Product

CO,Me

\I,A_()\\V NH Chz

H—l

&

Yield (%, isol.)

C0,Me

Vot

HI

Yield (%, isol)

e

e

35



C:OMe EtOH i 37 % HCI CO,Me

(20:1)
W 150, 4 rrin D

100°C, open vessel 30% (isol.)
CO,he 3 e, Lawesson's reagent CoO Me
toluene
MW 150 WY, B min 5
apen vessel T1% (isol)

H;CO
T s g
,,\ , \@\
OCH3

A Focused Review of Synthetic Applications of Lawesson’s Reagent in Organic
Synthesis

Hena Khatoon, Emilia Abdulmalek
Molecules 2021, 26(22), 6937; https://doi.org/10.3390/molecules26226937
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1
5
H)h"‘*ﬂ- R'= csters, ketones, amides

Scheme 1. Mechanism of the thionation reaction using Lawesson’s reagent (1).
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Facile Microwave-Mediated Transformations of 2-Butene-1,4-diones and 2-Butyne-1,4-
diones to Furan Derivatives

H. S. P. Rao, S. Jothilingam, J. Org. Chem., 2003, 68, 5392-5394.
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Synthesis of Tri- and Tetrasubstituted Furans Catalyzed by Trifluoroacetic Acid
F. Stauffer, R. Neier, Org. Lett., 2000, 2, 3535-3537.
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Hart, H.; Takehira, Y, The Journal of Organic Chemistry, 1982,47, 4370,
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METODOS DE OBTENCION DE FURANO
SINTESIS DE FEIST-BENARY

©. R R 1
j\/ + Rt R HO ; R4 = R4
I ———

W
o R3 ] R3
R3 % ™~R2 - HBr o Rz -HA o™ “R2

¥ =Cl Br, |

Feist F., Ber., 1902, 35, 1539, 1547.
Benary E., Ber., 1911, 44, 489, 493.
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METODOS DE OBTENCION DE FURANO
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I
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Feist F., Ber., 1902, 35, 1539, 1547
Benary E., Ber., 1911, 44, 489, 493
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SINTESIS DE FEIST-BENARY
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METODOS DE OBTENCION DE FURANO
SINTESIS DE FEIST-BENARY
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Reaccion de Finkelstein

Ohs S eq. kKX, 5 eq. HO . y
CHLCN F [brmim][BF 4]

(1:1),100°C 025 - 15 h A0F 2l B
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A) Mondal, 2013 = Mecanismo

I‘».ul'ln3+ _ _
OH O mMn(OAc),
=
AN T ,l\/'\ —; ,I\/IL -~ 1)|\/u\
118 "'D‘”‘G A Mn -
L 3 -
Ph.__O ‘
\ ) R Mn(DAc
R - | Ry R;
3 R,
(o] O °R, = "Ry
119

El Mn(OAc); reacciona con la forma endlica del sistema 1,3-dicarbonilico 118 formando un
complejo Mn(lll)-enolato A. En esta estructura el Mn(lll) es reducido a Mn(ll) para formar el
radical centrado en oxigeno B, el cual se encuentra en resonancia para generar el radical o-
carbonilo mas estable. Dicho radical se puede adicionar de forma intra o intermolecular a
diversos aceptores. Por ejemplo, puede adicionarse a un alquino interno para formar el
intermediario C, el cual puede ser oxidado al carbocation D con otra molécula de Mn(OAc); y
finalmente formar el nucleo de furano E luego de una ciclacion intramolecular A

Snider, B., B. Tetrahedron. 2009, 65, 10738-10744.
Heiba, E. |.; Dessau, R. M. J. Am. Chem. Soc. 1972, 94, 2888—-2889.
Alagoz, O.; Yilmaz, M.; Pekel, A. T. Synth. Commun. 2006, 36, 1005-1013
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A) Guo, 2015

K,S,0 %
2v2%'g
0O 0 Rs _ R
).I\/LI\ + DCE/H,O (1:1) / Ar
R Rz Ar 100°C R N0” R,
> 88%
128 129 130

De otra parte, Guo y colaboradores reportaron en 2015 una metodologia libre de metales
para la sintesis de dihidrofuranos 130 mediante una adicidn/ciclacion tandem entre un
sistema 1,3-dicarbonilico 128 y estireno 129 promovido por K,S,0g4 (A).

Wang, S.; He, L.; Guo, L. Synthesis 2015, 47, 3191-3197.
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METODOS DE OBTENCION DE PIRROL
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SINTESIS DE PAAL-KNORR
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Sintesis de pirroles de Paal-Knorr

H m
oo |
H H 11 H 1 H H H 11
+ |  ——
MH., b
H 1
H 1
Ludwig Knorr Prof. Dr. phil. habil. et Dr. h. c. Carl Ludwig
(1859 — 1921) Paal
Quimico Aleman (1860 — 193%)
Quimico austriaco
https://www.wikidata.org/wiki/Q63983 http://research.uni-leipzig.de/catalogus-professorum-lipsiensium/leipzig/Paal_111/
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Venkataraman Amarnath has shown (J. Org. Chem., 1991, 56, 6924)

that meso- and dI-3,4-diethyl-2,5-hexanediones cyclize at unequal
rates, and that the stereochemical configuration of the unchanged dione
is preserved during the reaction. Any mechanism such as the following

one that involves the formation of an enamine before the rate-

determining step - the cyclization - must be ruled out. freso =N
I:I l:' H:H _Hl

H.O R

HD

] f
H.MN-F' R R
- H .o
fmesa =

o o H.MN-F'
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n
TBSO., ? NH,OAc, CSA TBSO...
4A MS, MeOH

hy
o
-

0 \ 50 °C, 5h H-N
1::::’;J\f~'J |

Trost, B. M.; Doherty, G. A. Journal of the American Chemical Society, 2000, 122 (16), 3801-3810
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Reaccion de Clauson-Kaas

,_O\ H—MNH: f"ll ".I'j
HsCO~ g~ “OCHsz  ACIDO ACETICO N
. CALOR R

g H
o) TN O H=0"" 7 Q N
H | |

NH, |

| R H

R R

Clauson-Kaas N., Tyle Z., Acta Chem. Scand., 1952, 6, 667.
Elming N., Clauson-Kaas N., Acta Chem. Scand., 1952, 6, 867.
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Niels Clauson-Kaas
(1917-2003)
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N-Functionally Substituted Pyrroles

A. D. Josey anp E. L. JENNER

10”00 J
HOAc, &

NH, %%
COOCH;3

COOCH;

II

J. Org. Chem., 1962, 27 (7), pp 2466—2470
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Iron-Catalyzed Inexpensive and Practical Synthesis of N-Substituted Pyrroles in Water

N. Azizi, A. Khajeh-Amiri, H. Ghafuri, M. Bolourtchian, M. R. Saidi, Synlett, 2009, 2245-2248

1.2 eq.
-9 u -
R-NH, + Ma 0 e 2 mal-% FeCly ?H_D} H—Nij
A H,0,B0°C,1- 4 h =) RoArS0.A
alkyl, benzyl, H
product yield (%, isol.) product yield (%, isol)
o 5 SN
I@Ng 98 [N}—N/\; a0
- N —
00 . O
Cl
O—Ni:l g0
MEO@NS 50
HN:j 52
O:N@NQ 50 a
@ﬁ—mg 85
NS 85 0
At e
o
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Microwave-Assisted Paal-Knorr Reaction - Three-Step Regiocontrolled Synthesis of
Polysubstituted Furans, Pyrroles and Thiophenes

G. Minetto, L. F. Raveglia, A. Sega, M. Taddei, Eur. J. Org. Chem., 2005, 5277-5288.

C O, Me

HI

Yield (%, isol)

T4

o CoMe 5 eq.
' AcOH
HJ\-)\WH + HMN-R" - Hﬂ\
- MW 150w, 12 min M
o 170°C, openvessel o
Yield (%, isol) Product Yield (%, isol.} Product
CO,Me CO,Me
NHChz /
a \.\Ill J'rH .II_,.":!"-\HH___.#':'-E__, Ph 77 Phﬂ)‘\_chj\ 74
' | . L_A~ei
£O,Me CO,Me
e 4. ﬁ'li :I'*“--JH
B2 | BE rt
E % -
SN O T
1,__f

3?"‘
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0 COMe

C

0 COMe

EtOH 7 37% HCl 0, e

(20:1)

2l
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&

——— J'II. II". Ph
W 150 WY 4 min 'S
100°C, open vessel a0% (isol.)
3 eq. Lawesson's reagent CO Me
toluene f Yy
, = Fh
WY 150%WY, B min =

apen vessel 1% (i=0l)
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Iron-Catalyzed Inexpensive and Practical Synthesis of N-Substituted Pyrroles in
Water

N. Azizi, A. Khajeh-Amiri, H. Ghafuri, M. Bolourtchian, M. R. Saidi, Synlett, 2009, 2245-2248

1.2 eq.
_I:l u - -
BonH. 4+ MeD O oMe 2 maol-% FeCly =7 H_D} H—Nij
) H,0,60°C, 1 - 4 h == R A BO,A
) alkyl, benzyl, H
product yield {%, isol.) preduct yield (%, isol)

S T—
O3 = DO
Ni 76
QNQ 95 pr’
3w
HN::j g2
I:I T
O
0
—
NG a5 0
== mm@—'é—w(j 7a
| —

o
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Microwave mediated facile one-pot synthesis of polyarylpyrroles from but-2-ene- and

but-2-yne-1,4-diones

H. S. P. Rao, S. Jothilingam, H. W. Scheeren, Tetrahedron, 2004, 60, 1625-1630.

10 e

o R 5% PiC
AJ\%\H’M . R MY, 200
T MH;  pEG-200
R o s HCOoH  0.5-5min
5 5 1084 a5y parc
R MY, 2004
}—-’{: + ' -
Iy . MH:  PEG-200
 HoooH  0.5-1 min
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SINTESIS DE HANTZSCH
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SINTESIS DE KNORR
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Ludwig Knorr
(1859 — 1921)
Q7uimico aleman
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VERSATILIDAD DE LA REACCION DE KNORR
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VERSATILIDAD DE LA REACCION DE KNORR
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Roseophilin

Harrington, P. E.; Tiug, M. A. J. Am. Chem. Soc. 2004, 123, 8500-2514.
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SINTESIS DE van LEUSEN

A.M. van Leusen (Holanda)

o —_— —
Ac
~ Me Me Me Ac
TOSMIC N —
Me” { NaH, EtO. 1t _ | Tos + Tos -
/'\ 45% H N% - H N
Tos N":\ A
\c- /
Me Ac Me H Ac Me Ac
2
R — (N |— O
N N N
| HAD _ H

SINTESIS DE van LEUSEN
Pirroles, imidazoles y Oxazoles

A. M. van Leusen, J. Wildeman, O. H. Oldenziel, J. Org. Chem. 1977, 42, 1153.
A. M. van Leusen, Heterocycl. Chem. 1980, 5, S-111
A. D. van Leusen, A. M. van Leusen, Org. React. 2003, 57, 419
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TOSMIC:
HIDROGENO ACIDO

T L

// \\ @\C

GRUPO ISONITRILO
GRUPO SULFONILO

CH: 0
H:NCHO)
p-Ts™ Na' - p-Ts—CH; N CHO
HCO:H, Ha0 H
90 - 95 *C
PO, EisN
p-Ts—CH;——N —CHO =  p-Ts—CH;—N—C
H dimethoxyethane

Et:(), - 5 to 0 °C
Org. Synth. 1977, 57, 102
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A.M. Van Leusen, org. Synth., 1977, 57, 102.
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6% ower 2 stops

TOSMIC es una molécula muy versatil, un sinton, que permite llevar a cabo muchas reacciones utiles. En las férmulas de los
productos, las partes de color rojo muestran las porciones del producto que se originan a partir del TOSMIC que se usa como

reactivo.
A (Cianacion reductiva selectiva de cetonas): TOSMIC, -BuOK;
B (Formacion del anillo de oxazol): 1. TOSMIC condensacion con ciclohexanona, 2. aldehido cinamico, 2 eq. n-BuLi (-70a 0 °C, 2

h);

C (Formacion de 4-alcoxi-2-oxazolina): 1. acetofenona, TOSMIC, EtOH; 2. H;0%;

D (Formacion de cetonas a,B-insaturadas sustituidas): 1. TOSMIC condensacion con ciclohexanona, 2. bromuro de bencilo, -BuOK,
DME; 3. H;0%;

E (TOSMIC como reactivo conectivo, reduccion): 1. yoduro de alquilo, TOSMIC, PTC, 2. Li, NH;(lig.);

F (TOSMIC como reactivo conectivo, hidrdlisis): 1. TOSMIC, dialquilacion 2. H,SO, (50%), sulfolano, 20 a 100 °C, 2 h;

G (pirroles a partir de aceptores de Michael): TOSMIC bencil-sustituido, NaH, acrilonitrilo;

H (Formacion de triazol): sal de diazonio, TOSMIC, K,CO;, DMSO, MeOH, H,0,-10 °C.

Dr. Fernando Le6n Cedefio
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Chemistry of sulfonylmethyl
isocyanides to carbon,nitrogen double bonds. Synthesis of 1,5-

sulfonylmethyl

isocyanides. 12. Base-induced cycloaddition of

disubstituted and 1,4,5-trisubstituted imidazoles from aldimines and imidoyl chlorides

= 15 eq. I
e 2 e, KLC0; or tBulH, fj}
A+ TesTTNC =~ R7 ™y
= H heOH or DWE £ MeQH (7 :3) ﬁ
(TosMIC) 20°C, 3-72h R, R Ar, alkyl
product base MeOH / DME ti{h) vyield product base MeOH/DME ti{h) vyield
{%, isol} I {%, isol}
I
I K.CO, 73 16 g2 tBulH, 10 20 94
on AT} A
I
/ N
m’@/q) Me /Qﬂ
kL OO, 73 16 43 | cHexMH, 10 17 9B
Cl
I I
Me/qjh tBurH, 0:1 20 70 H{Nj} kLT, 1a 20 a7
Elt hhe

Facultad de Quimica
Dr. Fernando Le6n Cedefio
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A. M. Van Leusen, J. Wildeman, O. H. Oldenziel, J. Org. Chem., 1977, 42, 1153-1159
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An Efficient Method for the Synthesis of
3-Arvlpyrroles

MNeville P. Pavri and Mark L. Trudell*-f

J. Org. Chem. 1997, 62, 2649—-2651

’:* (MeO),POCH,CO,Me f,m‘m TosMIC, NeH _
Ar)J\H

-
LIC1, CH,CN, EIN(PH, DMSO, ELO
1 ar Ar
MaH, DME, A 2
Ar O Me Ar

[\ . U\
1) KOH, 50% MeOH, A
;, 2) HO(CH),NH,. & A
3) KH, CICO,Me, THF

o
(Boc),0, DMAP,
CH,EN
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Table 1. Synthesis of 3-Arylpyrrole Derivatives

entry Ar 3w 4(%* 5(%)*

70 82

60 67

64 63 Bgb

20 8¢

d 60 81  84b
e o H— 68 70 86
r ¢ 64 65

48 70

quq
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One-Step Synthesis of 3-Aryl- and ORGANIC

3,4-Diaryl-(1H)-Pyrroles Using LETTERS
Tosylmethyl Isocyanide (TOSMIC) o 2002
Nicholas D. Smith,” Dehua Huang, and Nicholas D. P. Cosford 305'37’_ 32'39

0
1 1 1
z NaH, TOSMIC, T /% '}_f OH R M
| EODMSO. BT EN‘LE KOH - Heal &N\E
R Z=CO-F H H I
1 2 3 4
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Table 1. Synthesis of 3-Aryl Pyrroles Using TOSMIC?

entry substrate product T=C/time yield"

@\/ @\(\ 50°C/18h  47%
= MH
o
N
2 .@\/ > 2%°CIh 67%
I MH
Cl_
]

el

) 25°C#2h 74%
-

4 [:j\j [Nlﬁ\m 25°C/1h 76%
i/

cl Gl
5 T \% S50°C/6h  58%
MH
~« {,}"T"’ 50°C/2h 39%
-'J"\-\.\-I_'.-'":' EJ\H_/\%

% 75°C#2h 449
H

@
o] |
2 @’\f 100°C/18h  48%

cl Cl NH

#TOSMIC (1.3 equiv), NaOsBu (2 equiv), DMSO, T in *C. # Isolated
yleld after chromatography.
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SINTESIS DE TERRY

R R
|H§D o 1) POCI;
2) RONa U\
' COOR N~ “COOR
_ i |
CH;—COOR ) e H
NH—Tos

17 18 19
Et HO Et Et
ﬁ T Y amen [ oo B
o ,n pyridine, 1t PhMe, reflux
T~ 74% N~ COEt 73% N~ ~COEt ™  95% N~ CO:Et
TsHN” COH Ts Ts H

N I
CL\ DBU = 1,8-Diazabiclcloundec-7-eno
N

Terry, W.G.; Jackson, A.H., Kenner, G.W.; Konis G., J. Chem. Soc., 1965, 4389
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A simple modification to improve the generality of Terry's 3,4-disubstituted pyrrole synthesis
G. Fernando Cortés, J. Z. Gustavo Avila and G. Luis Angel Maldonado

El-1 Ide Ie
J/_« on Co.RE
i
. O] g ,;_J
¢ __L—COR O
iicdicated grnrqﬂps j/
ﬂ L~
e
H_NJI@E:DER yld Ts H—N
‘"1[ s LS Ts
POCl;
Chetrical reactions
Chemical reactions W l of Schetne [
L of AchetdE =

R / ¢mmmmm, g+~ ROLC F) {mm
/i | R c%éR \;

. CO,FC Ok IIT N
g H Ts H
Method of Terty, Jackson Iethod hete repotted

Eentier and Konis
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OH
/bm{g PRS0 NHSOph  EDC - )J\/NHSDzPh

NaOH CHyCh
85% overall yield

OH
O /"ﬁx e EME e EC H
—_—-
H—H Nak, 0°C -
S0.Ph (THE-DMSO) |
204Fh
POCI,
he0C
heOC
/ DEU, A
pE— 1

) (THF |

H mmms) 50;Ph

Pyrrole in ~ 40%
overrall yield
https://www.ch.ic.ac.uk/ectoc/echet96/papers/117/index.htm
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Y :
— IV
H—H NaH, 0°C

S0;Ph (THF-DMSO) |

=(09Fh
POC;
z Z
4-Methyl-3-substituted ‘f ‘\ DB, A
pyrroles in comparable yields - -
(~ 35-40% overall ) I (THF; I

i
o
-
fis,
i

Z=-CHN, -COMe
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A PARTIR DE COMPUESTOS 1,3-DICARBONILICOS Y ESTERES DE LA GLICINA

EtONa, EtOH
EtOH rt I’Gﬂll)(
(o)
CO,Et

H
(o} COgEt
+
Cr I'I:;N'/\GO'L’Et
MesN Me;N  PFq
\
M H2NCH,CO,Et
) o o POCl, NaPFg NaH, DMF 7\
DMFDMA CH,Clp, nt . MeOH. 0 °C Cl o N CO,Et
/ \ DMF, reflux / \ ?5% -‘/ \ 49% / \ H
—_— -
N 93% N N N
H H H H
GHa OCH,

WH N,N-Dimethylformamide
Dimethyl Acetal
GH::: Ha
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N,N-Dimethylformamide Dimethyl Acetal (DMADMF)

Cl
Cl NH(CHs)
L+ CHyONa—— HC. A __cH, 2=
0" o
cI” >l 2 .
1 (a)
S i
HyCO-S-0CH; +
H3C, O CH3 | H;CO  CH4ONa
N—~ > | HyCOHC=N 250, " o T
HC [ H CHs 5 (b)
6
(c)
HiC, O o cl
N + J®.ch, 2NaOCH3
HC  H e oz T ©  -2NaCl
5 }" :Hg C|
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= g
.. | DMF-DMA (4) G GN | N o
> Me ke > N e
NC N CN  THF/ stirr r.t. : N :
@) 28 O O 29 O
N<

\

/ \ CN DMF-DMA (4) /[ \ CN
N 0 A, US N
30 31

S
@A N/H\ DMF-DMA (4) J\(\
/4 12h
Oyt @
32

O
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Br

0 R
CHy H HUN® NI, |
DMFDMA | - =
& " X N-CHs Be Br
<) CcH O;NH;
(3) 3 (@)
a, X+ Br,
b, X= Cl,
. X" F
g HN. SO,NH,
” é’ NH, e
CLOPS, )\ECH; Hel
s, CH
NT N
) cr X N
CHy \
HC
CH;NHCH,COOF 5)
NaH, DMF
X
Ar TAREA
FOOC AN\ 201 "
3
NH S _CH
e e )|41 : /N
cyy O EOOCT NN
: CH;
(5)

F. A. Abu-Shanab, 5. M. Shent, and 5. A. 5. Mousa

Universidad Nacional Auténoma de México . . .
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CHs
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s
DMFDMA - -
") X f:l’ 3 1mL
(3) CHi, DMF-DMA
—
N 0-CH; + =N @
H,CO,) CH, CH,
.0
Q O
: O-CH, -
+ X
————— H,C-O-H
H H
X X
HyCO/) CHj
ENe
CHs
O 0
H o
S O [
X HOGN X 0D N~
| |
CHs CH3 CHs
L
H3C-O_H + |
_CH,
X H N
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A NMe; 1. NHz0H=HCL
//]/\ 2 DME DMA - Al MeOH, AcCH
G A Relux, 14 h 0% “hry 2. NapCOy, reflux, 2h
86 87
(A)
1. n-BuLi, THF
I-IJ,C..T_.;,ME}I-I ~40°C, 30 min Mo A1 Bry/CClL, 0PC N A0
b
Ar, 2. EtOAc, —40°C,2h %= ;LBE
3 Hy504, 80°C,2h  1L,C H,C
&Y ™ 91
(B)
A
G N AT| N_H_ =
LDA, —T8°C . .CH ArCND a
Ary H Y B
CHjy o & HO Ay
0~ L CH,
93 o4 a5
(C)
O &N NaOH, EvH HyCky, 2N NaOH Q
0

Ar—CHO
fl * AI:':"'J-I\CI'IJ

Og, . ATy
rj: EtOH, 0°C- i, 4h
..'"u.t'j

99

6", 5h

28
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HO,
FH-ﬁrg
HOQ
Pd{PP]'.Ii]q, Nﬂgm3
E1OHH,0, reflux, 12 h

.'N""=
X
Ar
HyC ’
02

ﬂr:

Ma,COo ;T

a

—'--1 I G}l
Al

MeOH / H 0 H,C

%4

ATy Ar

MHOH=HCI, pytidine

¥
Y
EtOH, reflu, & h 0

.|"|.]'|_

1M

J"n.t'g

100



A) Gao y Guan, 2016

AE EA
NH; K,S,0
228
IS EA ~ RMR
Ar DMSO, 100°C ™ H 1
0
186 hasta 86% 187

En 2016, Gao y Guan reportaron la sintesis de pirroles polisustituidos 187 a partir de una
ciclacion oxidativa de enaminas 186 bajo condiciones libres de metales empleando K,S,0Oq
como unico oxidante (A).

Gao, P.; Wang, J.; Bai, Z.-J.; Shen, L.; Yan, Y.-Y,; Yang, D.-S.; Fan, M.-J.; Guan, Z.-H.
Org. Lett. 2016, 18, 6074-6077.
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El anién radical sulfato (SO,~) es un poderoso agente oxidante (E?=2.5-3.1V)
utilizado ampliamente en procesos de oxidacion avanzados (AOP) para degradar
los contaminantes ambientales en el agua. Generalmente se genera activando
persulfato (S,04%") mediante calor, luz ultravioleta o metales de transicion,
ofreciendo una mayor selectividad y una vida util mas larga que el radical hidroxilo
(HO").
Aspectos clave del anion radical sulfato (SO,-):
Métodos de generacion: Formado a través de la escision del enlace S-S en
persulfato, comunmente usando metales de transicion (Fe?*), calor o fotdlisis (254
nm).
Reactividad: SO, es un fuerte agente de transferencia de electrones que
reacciona con contaminantes aromaticos y enlaces insaturados mediante oxidacion
de un solo electron.
Aplicaciones ambientales: Es muy eficaz para descomponer contaminantes
organicos persistentes, residuos farmacéuticos y colorantes en el tratamiento de
aguas residuales.
Comparacion con (HO): A diferencia de los radicales hidroxilo, que pueden ser
eliminados por los componentes del agua, (SO,~) muestra una alta estabilidad en
disoluciones acuosas, lo que lo hace mas eficaz en matrices especificas.
Aplicaciones en biologia quimica: se utiliza en la oxidacion fotoquimica rapida de
proteinas (FPOP) para investigar la estructura de las proteinas, y a menudo
proporciona una mejor cobertura que los radicales hidroxilo.
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Anita Kongor, Manthan Panchal, Viren Mehta, Keyur Bhatt, Dehin Bhagat,
Devayani Tipre, Vinod K. Jain

Basketing nanopalladium into calix[4]pyrrole as an efficient catalyst for Mizoroki-
Heck reaction

Arabian Journal of Chemistry

Volume 10, Issue 8, December 2017, Pages 1125-1135
https://doi.org/10.1016/j.arabjc.2016.06.019

Yukun Cheng, Channing K. Klein and lan A. Tonks

Synthesis of pentasubstituted 2-aryl pyrroles from boryl and stannyl
alkynes via one-pot sequential Ti-catalyzed [2 + 2 + 1] pyrrole
synthesis/cross coupling reactions

Chem. Sci., 2020,11, 10236-10242
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METODOS DE OBTENCION DE TIOFENO

Da
H
Tl

!

SINTESIS DE
PAAL-KNORR

L
u
e
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S
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Sintesis de Tiofeno de Paal-Knorr
Sintesis de Tiofeno de Paal ( Carl Paal )

o0 = "
1 11 H H
R =5 = V)

¥

"3": H, SIHCIH,0, P8, p,

= R Reactivo de Lawesson

1. Carl Paal: Synthese von Thiophen und Pyrrolderivaten. Berichte der deutschen chemischen Gesellschaft. 1885, 18, Nr.

1, S. 367-371..doi:10.1002/cber.18850180175.
2. Ludwig Knorr.: Einwirkung des Diacetbernsteinsaureesters auf Ammoniak und primare Aminbasen. Berichte derdeutsche

n chemischen Gesellschaft. 1885, 18, Nr. 1, , S. 299-311. doi:10.1002/cber.18850180154.
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SINTESIS DE PAAL-KNORR

l?
I:I qu-Ell:l

U .

Mecanismo de reaccion mas probable
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Pentasulfuro de fosforo
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http://upload.wikimedia.org/wikipedia/commons/b/b1/Phosphorus-pentasulfide-2D-dimensions.png
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&) |
s\ 3 e W
H3CO \S.@/:“Dl_l\)cj\ .

H/S\P:QQ)CH
// 3
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Microwave-Assisted Paal-Knorr Reaction - Three-Step Regiocontrolled Synthesis of Polysubstituted Furans,
Pyrroles and Thiophenes
G. Minetto, L. F. Raveglia, A. Sega, M. Taddei, Eur. J. Org. Chem., 2005, 5277-5288.

0 COMe 5 e, L0, Me
R, ) AcOH ﬂ\
HMN-F Jor- :
HJ\/KW : MW 1500 12min - N7 R
o 170°C, openvessel o
0 COMe EtOH /37 % HCI Co,Me
201
Ph e K o
Y 150w 4 min s
C 100°C, open vessel A0% (50l
0 CooMe 3 en. Lawesson's reagent CoMe
Ph toluene .~ 7 o
MYy 150 W, B min . !
G open vessel T1% (isol)
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SINTESIS DE FIESSELMANN
i Ra

y CHO y CHO
R + HS5—CH,—COOEt — Rl

o -HCI EJEHE—ED'DEI

16 17
R2
Dyt

- HO R g COQE!
18

Los sustratos clorovinil aldehidos, se obtienen a partir de cetonas con a-metilenos, por accién de
DMF/POCI, (la reaccién de VILSMEIER-HAACK-ARNOLD):

R DMF fPOC RE
|
1 3 Ny CHO
R R

Cl

. Universidad Nacional Auténoma de México
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Sintesis de tioles a partir de tiourea

s/_\ BF,.ér/R
BN A

H2N NH2 + R—Br —— J‘L

H,N NH,
Tiourea
Bromuro de
S-alquiltiouronio
.’O'.
JJ\ Urea NaOH
H>N NH,
+
s” ¢
. 1) H;0"
SH - HO7|\
Tiol 2) NaOH H,N NH,
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O/ + CH3—I O/ Nal

Bencentiolato de sodio Sulfuro de fenilmetilo
96 %
OMe OMe OMe
/@\ - o LiAlH, Br i, Bu'Li
ligh ve
el CO,Me e MeO CO,Me MeD i, I,
OH
OMe OMe OMe
i, SOCL, I
ii, PhSH, NaOEt PACI, , CO CO;Et
MeD MeO MeC
OH SPh SPh
i, LDA
i1, PhSSFPh Hz- PIC
Me ref. 41 OMe

CO,EL ; CO,Et
ii, P’hS_
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Sintesis de tioéteres. Similar a la sintesis de éteres de Williamson

1) NaH ,
- ‘ + NaBr

2) Br
Tiol \/'\ Tioéter (sulfuro de dialquilo)

Nota:
no hay reaccion de eliminacion
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Sintesis de Gewald

OR"

https://www.organic-chemistry.org/namedreactions/gewald-reaction.shtm

Gewald, K.; Schinke, E.; Bottcher, H. Ber. 1966, 99, 94-100
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Mecanismo de la reaccion de Gewald

O __ —
N R30
MORS R30 R2 0
0O 2 R? O Sg —
) 3 — — | 1
R‘]\)I\RQ Base \ Base R S-/\Q\I?‘
-H20 R1 N /
1 Sx
3 - 4 B
R0 [ RO
R2 0O R2 o)
/ \ S
R ~g” ~NH, L 177 TNH
6 5

https://en.wikipedia.org/wiki/Gewald_reaction#/media/File:Gewald_Reaction_Mechanism.png

Sabnis, R. W.; Rangnekar, D. W.; Sonawane, N. D. J. Heterocyclic Chem. 1999, 36, 333.
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Mecanismo de la reaccidén de Gewald
El primer paso del proceso es una condensacion de Knoevenagel, pero los

siguientes pasos no se conocen con detalle, pero es probable que ocurran de la

siguiente manera:

0
M
0 . n -HO o0
,,“\/H' L. = |
o 5 "t
_ HoM oS R
st RO I - w
i Py —
R 0 R
R ? OR"
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Microwave-Assisted Synthesis of 5-Substituted 2-Aminothiophenes Starting from Arylacetaldehydes

G. Revelant, S. Dunand, S. Hesse, G. Kirsch, Synthesis, 2011, 2935-2940.

1.1 eg. "S" EWG
O EWG 1.1 eq. morpholine
H I MY (< B0 W) = N,  EWWi CULE,
F0°C, 20 min = - CM, CONH,
product yield (%, is ol product yield (%, isol))
CH CHM
96 s i A &0
Ph@\NH: WA
COMH, COMNH,
hle
ISH\ NH, O‘ ISH NH,
Mel
CO.Et COEt
.'IIIS]I'l NH, a0 fSI"n NH, b3
fel
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Practical synthesis of tetrasubstituted thiophenes for use in compound libraries
B. P. McKibben, C. H. Cartwright, A. L. Castelhano, Tetrahedron Lett., 1999, 5471-5474.

o
105 eq. "S" . ..
0 0 0 1 eq. ELNH Uk
+ e i
HJJ\/“\DH' H"DJ\/CN aytidine RO__# % \H
254G, 18- 48 h = :

Se han desarrollado condiciones de reaccion optimizadas para la reaccion de Gewald a temperatura
ambiente para obtener tiofenos tetra-sustituidos con buen rendimiento.
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Product t{h) Yield (%, isol)

i
Ohe
S HHE
0l
% e
0l
45 i
MeO (R
= MH,
i
o e
be O il
43 F
En o
0
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Q==

o O
Nﬁj fo?

CHa
HCI/ H,0
CH,Cl,

= -f————

e

R
S OH g NH

HO ! S DMF / N(C5Hs)s O
R CHy

(R = H, CH3)

Gernot A. Eller, Wolfgang Holzer Molecules 2006, 11, 371-376
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An Efficient Synthesis of 2-Aminothiophenes via the Gewald Reaction Catalyzed by an N-Methylpiperazine-
Functionalized Polyacrylonitrile Fiber

L. Ma, L. Yuan, C. Xu, G. Li, M. Tao, W. Zhang, Synthesis, 2013, 45, 45-52.

0.5 eq. catalyst
5 OH 8 mol-% EWG ME'
catalyst
0 g EtOH
EWG: COR, CN  reflux, 2-8 h mu:n:hfed polyacrylenitril fiper
COMHR loading: 2.3 mmol / g
product t(h) vyield product t(h) vyield
(%, isol.) (%, isol.)
run:

COEL 1 4 g9 °

4 a7
U\NH ! 4 86 JI.I’ ‘-.‘ E )
5 2 10 4 85
g~ —NH,
0 o)
NH, cl
4 87
5 85
/N 7\
g~ NHj g~ —NH,
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Thionation Using Fluorous Lawesson's Reagent

Z. Kaleta, B. T Makowski, T. Soos, R. Dembinski, Org. Lett., 2006, 8, 1625-1628

La tionacibn de amidas, 1,4-dicetonas, de N-(2-oxoalquil)amidas vy
N,N'-acilhidrazinas con el uso del reactivo de Lawesson fluorado dio lugar a las
tioamidas, tiofenos, 1,3-tiazoles, y a 1,3,4-tiadiazoles con rendimientos altos

1 eq. 5 g Al

0 o0 FLawesson's .l'l'l.r—lllé': :If:—:':'tr @D(CHJ (CF.1.F . =
a4 )_H Reagert 573 T ATy wove o,
W — =K

THF, 55°C, 4- 17 h Che

= ﬁ*gﬁ Universidad Nacional Auténoma de México
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reactant product ti{hy yield{%. isol.)

0 0 o 5

Phw— \@/ 4 a8
o o g

F'h—{;: ‘S—EU PH%IEU . "
I N
H
a0

4< H H %\Q\(?/OK ; a3

M—) Vo
H H [

K‘é\ ﬁ“gﬁ Universidad Nacional Auténoma de México
@ izw Facultad de Quimica 128
fied Dr. Fernando Le6n Cedefio —

ORER



An efficient and facile one-step synthesis of highly substituted thiophenes
F. Matloubi Moghaddam, H. Zali Bionee, Tetrahedron, 2004, 60, 6085-6089

o I 1 e, K,CO,
“&"/\H/N\) ’ HJ\WH : i f’f\mﬂ‘ﬁ

toluene 5
5 o ~80°C. B-8h S

Se desarrollé un método eficiente, de un solo paso, para formar tiofenos con una
alta sustitucién en el anillo, el cual utiliza como materias primas tiomorfolidos y
derivados de a-halocetonas
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Product T(Q)
BEr
VG
A
o__J 3
S
.-"I1"a 75
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Br
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et
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t (h)

B.5

Yield (%, isol)

Fil<

g0

]

Product T{°C)
fle O
UG
Saav

Er

] O
A
O COH
e O

] O
e
O ° CO,H

t(h) Yield (%, isol)
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Sintesis de Hinsberg

Oscar Hinsberg, Ber. 43, 901 (1910)

Oscar Heinrich Daniel Hinsberg
(1857 — 1939)
Quimico aleman
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SINTESIS DE HINSBERG

HDHa
-EHED

: 5. %  Universidad Nacional Auténoma de México
; Facultad de Quimica
: Dr. Fernando Leén Cedefio ——

Eﬂﬂﬂﬁ\c

22

1) NaOH

E}H$ ng

) A,

%h
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Bis-aril(alquil)amidas del acido tiofen-2,5-dicarboxilico

. Cl
R—NH, 4 CICH,COCI en acetona fria y,. R_ﬁj\/

K,CO,
1a-e
Na,S
Et-OH
O O
SV Y SRR IV
HI'[\I S ]TIH Me-ONa S
R R Me-OH hH hH
R R
3a-e 2a-¢

+ 2O O OO O
O,N

Kopar, M. R.; Cans, A. Z.; Cetin, A.; Heteroatom Chemistry, 2005, 76, [6], 503 - 506
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Sintesis de tiofenos de Hinsberg

R R
R OH Rp R R
2o . 2/ o
o o /N
TN YT HCO0C 1751 "CO0CH;  HaCoOC™ g7 ~COOCH;
G‘:') O eCompound.com
H HC Compound.con
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The Mechanism of the Hinsberg Thiophene Ring Synthesis

(I:H’— CO.C;H,
—/S K *=r~Bu0~
CH—G=C  * CH ~FBOH

CeHs CO;C:Hs

HC:0~C—CH: HC.0Q 07 g )
Hans Wynberg and H. J. Kooreman 0~ S — )L.E,T‘/ —0OC;H;
e . \ / o CO;C:H;

Journal of the American Chemical Society, CeHs "‘C—C{-I CeH
1965, 87:8, 1739-1742 s
Q0 Ce¢Hs COC:H;

i

Mt

\/r COzCsHa
q'/ CeHs

Hch—F—@"Clns
/ —
HoCzOgC—C\ S /CHz—Coz K =

HsCe CsHs
H,cao.c—-z_§~co,‘x+

S
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g] EtO S\J\OE’[ HO 15 O
0

‘ MaOEt, EtOH Ph b OH
2. HyO" Ph
94
PH \ Ph
Et0
COLEL ———em ’})___\ =Q phQo
_{s o sﬂph
COLE
COLE!
o
0 0
1S
0 Ph
573 COEt ?Ek l —_—
/) 57 TCOLE
EtCh
Fh Ph ) Ph Ph
H*, H.0
o M\ o M
HOLC ~g” ~COpEt RN HO,C™ g~ ~COH
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MECANISMO HINSBERG
REACCION ACIDO-BASE

\
OEt

o o
\ /
\0_0/
/ \
o U
> >
+
m
o
—
I
dx3
o’o\ :
mUg
p
)
8E
ol o)
U
>
o<
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REACCION DE TRANSESTERIFICACION INTRAMOLECULAR

\\ /
()\ ADICION EtO \/S
EtO 0
‘/
Na 30 C\
- OEt
Ph
H

1 LELIMINACI()N

e %
/7
\
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REACCION ACIDO-BASE

0 Ph
N
o _mm I\
o N \\
EOF Na  + \\ -—  ©° /
<! S Q
/\ \/ //O -~ Na .“ \
0 C Ph
Bh L OEt —~
H 0 OEt
Il
Ph. ,O
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SEGUNDA ADICION NUCLEOFILICA AL GRUPO CARBONILO
a) REACCION ACIDO-BASE

oy Ph O /\ o Ph O
O\ / H/ w Naeezg)Et —— 0\\ I\/H/
>c s)</ - /° s)%(
to EtO

H
5 5
: N
o) 10%®Na
b) ADICION AL GRUPO CARBONILO
- O®
pp  Ph :0: Na
—_— o / oo
\( ) Et0” S l
o

E.f"& %gﬁ Universidad Nacional Auténoma de México
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ELIMINACION E1bc:

pn Ph
. O N ®e°6Et
o / + H-OEt T—— \\ / 5N +Na 30
A\ 52 Na L C =
C < / S |
/ S EtO
EtO | o
o]

NP

Tt
o + H—
>\C / "\Qré:eem H—OEt

S
EtO
<)3(.?3<-mNa

BASE CONJUGADA

1 LELIMINACION UNIMOLECULAR

Ph Ph
o) / \ o @0 _
\\C 6: Na + Na :QH
/
EtO S |

(o)
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LIBERACION DE LA SAL DE CARBOXILATO:

Ph Ph
o o HCI o)
. —
N\ / \ 6§9®Na + Na :OH ~— \
C [ _J
/
EtO ) ” EtO
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SOCIZ. pyr.

W’ Hy  95%
90%

NaOMe 0 SOCIz, pyr.

Miyahara, Y.; Inazu, T.; Yoshuno, T. Bull. Chem. Soc. Jpn. 1980, 53, 1187-1188.
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o) (o)
O (CHO);, NaOMe
S -
MeOH, 42%
Wt Wa

Miyahara, Y _; Inazu, T.; Yoshino, T. J. Org. Chem. 1984, 40 1177-1182.

Ph
Ph*’SJPh o
KOH ==
g X\ S
2, SOC|2, pyr.
9% vyield, 2 steps Ph o

Christl, M_; Krimm S_; Kraft, A _4dngew. Chem. Int. Ed. 1990, 20, 675-677.
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HiC  CH; NaOH, MeOH
+ NC7S7CN - 7 . NH,
O O 94% NC

Beye, N.; Cava, M. P. J. Org. Chem. 1994, 50 2223-2226.

0 O O
i O o)l\/sv& ) H KOt-Bu _

Ry = CO,i-Pr Rz R

O CONE,
PPhs*

(o 2
10% TFA  HO S
. O S > Wk
| CH,Cl, R;
D ;

Traversone, A.; Brill, W. K. -D. Tetrahedron Lett. 2007, 48, 3535-3538.
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[ NaO ONa |
Et0,C —CO,Et Me.S0 MeQ ~ OMe
Me0,C” 87 Co,Me " I 250 —
656 e MeO,C™ g7 ~COMe O4%  Meo,c— g~ ~COMe
L 657 J 658
O
0 O
/”\N\WH PaSs M + w
0 or LR 3 R S R
or LR, BF, 37 38
36 2-93%

R = Ph, OEt CszHs-4-CO-Me, -4-0M
1 , egHlg 2Me, CgH, e 3738 =0:1-127

Comprehensive Heterocyclic Chemistry Il Volume 3

, 2008, Pages 843-930

3.11 - Thiophenes and their Benzo Derivatives: Synthesis
O. Sato and J. Nakayama
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Tsutsui, Hironori, Narasaka, Koichi

Synthesis of Pyrrole Derivatives by the Heck-Type Cyclization of y,0-Unsaturated Ketone O-
Pentafluorobenzoyloximes,

Volume 28, Issue 1, January 1999, Pages,Chemistry Letters, 1999, 28, 45-46
https://doi.org/10.1246/cl.1999.45

Substituted pyrroles are synthesized from y,0-unsaturated ketone O-pentafluorobenzoyloximes by
the intramolecular Heck-type amination of the olefinic moiety catalyzed by Pd(PPh,),.
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Anita Kongor, Manthan Panchal, Viren Mehta, Keyur Bhatt, Dehin Bhagat, Devayani Tipre,
Vinod K. Jain,

Basketing nanopalladium into calix[4]pyrrole as an efficient catalyst for Mizoroki-Heck reaction,
Arabian Journal of Chemistry, 2017, 10, 1125-1135,
https://doi.org/10.1016/j.arabjc.2016.06.019.

Abstract: An approach to synthesize calix[4]pyrrole protected palladium nanoparticles (PdNPs)
employed for catalytic Mizoroki-Heck C-C coupling reaction is reported. The nanoparticles are
synthesized in water using novel calix[4]pyrrole tetrahydrazide (CPTH) as a reducing as well as
stabilizing agent which is a proficient “one-pot” synthesis discouraging the need of an external
stabilizer. CPTH-PdNPs have been characterized and studied by UV-Vis spectroscopy, Fourier
transform infrared, transmission electron microscopy, energy-dispersive X-ray and powder
X-ray diffraction. The synthesized palladium nanoparticles with a size range of 5-9nm show an
efficient catalytic activity for Heck cross-coupling reactions giving good yields within short
reaction time in comparison with conventional palladium catalyst. Also, a good degree of
recyclability is shown by the nanocatalyst with five consecutive catalytic cycles. CPTH-PdNPs
also exhibit a potential antimicrobial activity against gram-negative bacteria which shows the
biological applicability of the synthesized CPTH-PdNPs.
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L. Lavenot, C. Gozzi, K. llg, I. Orlova, V. Penalva, M. Lemaire,
Extension of the Heck reaction to the arylation of activated thiophenes,
Journal of Organometallic Chemistry, 1998, 567, 49-55,
https://doi.org/10.1016/S0022-328X(98)00667-6.

The direct arylation of activated thiophenes was accomplished in moderate to
good yields using a Heck-type reaction with the mixture of Pd(OAc)2 and n-
Bu4NBr as a catalytic system. This new arylation method is applied to different
derivatives and has proved to be compatible with sensitive functional groups.
Furthermore, the substituent nature and position on the thiophene moiety
influence the cross coupling. In particular the substitution is regiospecific when
the heterocycle is substituted at position 2 with an electron withdrawing group.
Keywords: Heck reaction; Activated thiophenes; Arylation
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https://doi.org/10.1016/S0022-328X(98)00667-6
https://doi.org/10.1016/S0022-328X(98)00667-6
https://doi.org/10.1016/S0022-328X(98)00667-6
https://doi.org/10.1016/S0022-328X(98)00667-6
https://doi.org/10.1016/S0022-328X(98)00667-6

Palladium-Catalyzed Controllable Reductive/Oxidative Heck Coupling between
Cyclic Enones and Thiophenes via C—H Activation

Organic Letters 2019, 21, 23, 9545-9549

DOI: 10.1021/acs.orglett.9003721

Herein, we report a straightforward, environmentally friendly, and controllable
palladium/ligand catalytic system to enable reductive/oxidative Heck reactions
of cyclic enones with thiophene or furan derivatives via C—H activation. The key
to this tunable reaction is the appropriate intercepting thienyl-Pd(ll)-enolate
during the enolization process. Such a controllable and economic protocol
would not only provide efficient methods to construct various value-added [3-
heteroarylated cyclic ketones/enones but also shed light on developing other
conjugate addition reactions via C—H activation.

HOAC/CH5CN

# - ﬂ
G, I\
N d 50 °C, 24 h H’E*Q-
& J.-'f \‘E . Pd{OAc); (10 mol %) i
RNy 7 ~H }
]

=

ligand (20 mol %)

=T,
HFIPICHsCN  g<- -
80°C, 24 h X
f
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REACCIONES DE FURANO, PIRROLY
TIOFENO

COMPUESTOS 7T EXCESIVOS
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0o Q

N S
H
pirrol furano tiofeno

ENERGIAS DE
RESONANCIA 21 16 28
(Kcal / mol):

(P~ &
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TABLE 9.4 Geometrical Arrangements Characteristic of Hybrid

Orbital Sets
Atomic Hybrid
Orbital Set  Orbital Set Geometry Examples

180°

S Two sp /’i i‘\‘ BeFz, HgCla
Linear

S Three sp2 F BF3, 501
—
120 Trigonal
planar
~—-. 109.5°
S Four sp3 \ CHyg, NH3, HyO, NHy'
r
Tetrahedral

spppd Five sp3d PFs5, SFy, BrF3
L EgOon
bipyramidal
90>
T
s, ppdd Six sp3d2 _ SFg, CIF5, XeFy, PFg

Octahedral

http://www.oneonta.edu/faculty/viningwj/Chem111/Chapters_9%20and_11_study_guide%20.htm
|
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Py z ? O'Y =
- - X o
T gt e
CHOE -tz
foin el s
‘:‘ ’ :I 5
= \/ Hybridize
D AP f.’) y TP
s [1) A
: \ Ly '}‘%}T’X
[ /f’% o v Six spd -hybrid
B 7 d,e orbitals
| One s-orbital + Three p-orbitals
. + Two d-orbitals

https://www.quora.com/In-FeF6-3-how-can-Fe-have-five-
unpaired-electrons-while-simultaneously-contributing-two-
3D-orbitals-to-form-hybrid-orbitals

Enlace covalente coordinado

‘ l
d

Nevil Vincent Sidgwick
Quimico inglés
(1873 - 1952)
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COMPUESTOS TT-EXCESIVOS: FORMAS RESONANTES CON CARGA

=00 -0—~0- 0
N ® @ 5 3 &

H 10°C H O
91 % 1 %
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e
i"" 1"\32 + Ed —
E La estabilizacion por resonancia

- H H
E E + del intermediario de la
- ,."{ J,-‘ -H J.-'r l"\\ sustitucit?n en la posicion 2 es
. o mayor, si se compara con el
Y Y ¥

. B L
B e St S e
X H Y H cl;; H Y,

g intermediario de la sustitucion
en la posicion 3

+
AH

L Complejo G

Complejo 1t

Pirrol ataque en C3 Complejo 7t

Pirrol ataque en C2
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® — —
@H - @ H - H : z
N g N g oN E Sistema mas
H H H estable
@ =\ —
@(H - - H
O E O E ®0 E
A A

Complejo o

+
— AH

Complejo G
Complejo 1t L

furano Complejo 1

pirrol

Facultad de Quimica - 156
Dr. Fernando Leén Cedefio ——




adicion
H

— eliminacion

1]

IY . g® —s [@——»E
0
=\ H
complejom ™ @(E — Q\E

complejo o Producto SEA

Complejo o

+
— AH

Complejo G
Complejo 1t L

furano ataque en C3 Complejo T

furano ataque en C2
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Reaccion con electréfilo en la posicidon 2

S

N

! ) h

Reaccion con electrofilo en la posicion 3
E

§ P 3
) °l :
IEH
H

Mas estable Menos estable
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POLIMERIZACION

ou—
2 )
i ": H ,
f \n + Hs804 — Hg(}f’ —= polimeros
M
H
— [,
H
Me Me
Me N Me
H
pkK; +3.7
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El par de electrones del N permite

Z/ \5 G=---- que el pirrol complete la capa de orbitales
H  moleculares de enlace
N g—
H

pKa del pirrol =z 4 L

pirrol aromatico Cation del pirrol
No aromatico

[~y by
g

® N

b h

E—Z
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o BN . ?(E;_@ YW e

N N &N
!

h "k

La reaccion continua para dar
el polimero
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- H El pirrol ataca al -

@ gNé-l%lo HU catién protonado en / \ H
(=] SeC — . e +
’ H B en su posicién o
N - =

+

N
H

l H * sin control l
2 pirrol 7\ H
, -t - H
polimero N N
H HN=
trimero del pirrol
2:1 trans:cis
7Y +
H
T\ Joos,, S )N tiofeno
80 o P, o Xy —
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NITRACION

¢. HNO .ﬁ.ﬂgD
[/ \ 5 c_ i

o

“'~.+

AcONO,

{ EAﬂDHﬂﬂ“E O‘
”02

DU{N'DEJE ELI‘;N"' F-
{f \E Ac,0, rt ]\ THF, rt
77% 100%
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Nitracion tiofeno

NO;

@ Eﬂg“?i?zi @\Nng g @

S S =
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SULFONACION

CH{CH I, rt
00 = N
o Nc,; 60% HOsS o~ SOzH
S

S S

+ .
CISQsH, PCls N7
7\ o [N _soicroun_ saore (] \
SG’ECI ?ﬂ% E'E"'f-""-n S':',‘? E_'EF*
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HALOGENACION

Br,, dioxano, — -
[/ N o-c &H +Br, H>O<H - HBr, @\
80% Br

0 Br 07 “p 0

Ha, Ni
1mt‘l3 2000 psi, M

,-‘f .\ Brs, MeOH MeO Q OMe
10 °C
T7% >O< 2PhS0O:H. T=0OH
OMe \E‘HE‘E}E reflujo . @\
S0-Ph

Br Br B
55!’2 — NT e r
/o H,O. 0 °C - calor H  HCONHp, 185°C ||
CHO 3 = 0 80% J\ =
0 94% 0~ TOH N
Acido mucobromico
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Guillermo de Ockham

-Filésofo Inglés
-Principal exponente de |a Baja Escolastica
-Excomulgado de la iglesia

Navaja De Ockham o) Sonaracién entre fe y razén

Navaja: ‘Entig non sunt multiplicanda sine necesitate’ o ‘Los entes no deben
ser multiplicados sin necesidad’

La opcidn mas sencilla, es probablemente la correcta

http://triflenew.blogspot.com/2015/09/navaja-de-ockham.html

En su forma mas simple, el principio de Ockham indica que las explicaciones nunca deben multiplicar
las causas sin necesidad. Cuando dos o mas explicaciones se ofrecen para un fendmeno, la
explicacién completa mas simple es preferible; es decir, no deben multiplicarse las entidades sin
necesidad.
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HO m Br, MeOH Hﬂ\ﬂ / 1-2% HSO, H{;,\_<:\\
07 "o © % RD
O | 20 60 °C 0

= NaBH, — HC(OCH,), —
HDOG - D:CB_‘Q - 0 :Cx-_E}H
o M THF-HO o BF o

Bir; —

LD —wom MM [~
0 ROH RO-NO7<OR 1+ Br; + H,0 — OHC CHO + 2HBr
1 2 3

R _,
G Br _HI HO O Npr
1
l—ﬁr‘
oHC CHO < LM N o
HC CHO ¥,
HO” O
3 11
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Br Br

B
55[2 —_— A N ‘1\_‘ r
/ \ H.0, 0 °C — heat _ H  HCONH,, 185 c “\
CHO 94% = 0 60% “2

O OH N
mucobromic acid

~ q = -CO,
=~ — -HB
O | (@) Br \H H
H b < H,0 < 0 ~_ O~ OH
H Bl'_d Bry, H,O
@\H
Br Br Br
H
/O OH H 0] O OH
H
lBrz, Hzo

C4H4OCHO + 3 Br2 + 3 Hzo — CzBr2CHO(C02H) + C02 + 8 HBF
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Br Br

B
55[2 —_— A N ‘1\_‘ r
/ \ H.0, 0 °C — heat _ H  HCONH,, 185 c “\
CHO 94% = 0 60% “2

O OH N
mucobromic acid

~ q = -CO,
=~ — -HB
O | (@) Br \H H
H b < H,0 < 0 ~_ O~ OH
H Bl'_d Bry, H,O
@\H
Br Br Br
H
/O OH H 0] O OH
H
lBrz, Hzo

C4H4OCHO + 3 Br2 + 3 Hzo — CzBr2CHO(C02H) + C02 + 8 HBF
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Br Br

Br
EETE — -
I\ H;0, 0 °C > heat nH HCONH;, 185 °C U
CHO 94% © 0% N

0o 0~ TOH
mucobromic acid
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H HCONH,, 185 °C
OH 60%
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HALOGENACION. REACCIONES DE ADICION

Ny
— T + MeOH
H
oy v (\@ %
Me Br

MeOH
ol me P A
_—
Me Br ‘j Me 0 Me
N MeCQH
—— Hidrolisis de
H H acetales c/=\:
Me Me T - OH HO

A0

| | Cis-butenodial
acetal acetal

(muy inestable)
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Reaccion de Clauson-Kaas

,_DL\ H—MH2 f"l 1.&
HsCO OCHs g M

) Acido acético, calor |

Fl

3

g H
“ 2T P Et E,‘; \\3
o) OTHNT O H-0TTNTQ N
H |

NH, |

|
R H

| R R
R
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A new and high yielding synthesis of unstable pyrroles via a modified Clauson-
Kaas reaction

Brendon S. Gourlay.® Peter P. Molesworth.” John H. Ryan® and Jason A. Smith™*
Tetrahedron Letters 47 (2006) 799-801

R =n-CgHyz ()-indolizidine 2090
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Table 1. Yields and ee’s of pyrroles from the modified Clauson-Kaas reaction

Entry Amine Product Yield/%* (ee/Yo)®
3
1 L-Alanine methyl ester hydrochloride i 93(99)
HsCO,C” “CHq
0
2 D-Norvaline methyl ester hydrochloride j‘ 94 (99)
H,CO,C SN
%)
3 L-Serine methyl ester hydrochloride N oH 89 (99)
HaCOzC)\"
®
4 R-(—)-Phenylethylamine Nl_ . 91 (99)
®
5 1-Aminobutyric acid methyl ester hydrochloride N 91
H,00,6™~"
0
6 B-Alanine methyl ester hydrochloride N 90
HsCO,C A
o
N
7 (£)-4-Amino-3-hydroxybutyric acid methyl ester hydrochloride 93
iy

*Yields quoted are isolated yields.
bee’s Determined by chiral GC on an Agilent Technologies Cyclosil B capillary (30 m, 0.25 mm, 0.25 pm) featuring a 30% heptakis (2,3-di-O-methyl-
6- O-tert-butyldimethylsilyl)- B-cyclodextrin in DB-1701 stationary phase.
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HALOGENACION

disolventes

Y otros productos

C Cl

1xS0.Cl; 4xS0.Cl;

O Eooc /N mo | f\
80% N Cl N Cl

/ H \ H

4xBr2. EtOH  KI, AcOH | |

aq. EtOH, H20,

n oo ﬂ\

| |

N
H
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Rearreglo de Achmatowicz

HO Br, MeOH Hﬂ\ﬂ / 1-2% HS0, HO —

0
0 1 © 20 -60 °C o ©

NaEH — HC(OCH,), —
o )0, o~ o ol Vo
THF - ry:r o BF 0

3

Achmatowicz, O.; Bukowski, P.; Szechner, B.; Zwierzchowska, Z.; Zamojski, A. (-01-01).
"Synthesis of methyl 2,3-dideoxy-DL-alk-2-enopyranosides from furan compounds: A
general approach to the total synthesis of monosaccharides". Tetrahedron. 1971,

27 (10): 1973-1996. doi:10.1016/S0040-4020(01)98229-8. ISSN 0040-4020
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https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2FS0040-4020%2801%2998229-8
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https://doi.org/10.1016%2FS0040-4020%2801%2998229-8
https://doi.org/10.1016%2FS0040-4020%2801%2998229-8
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://search.worldcat.org/issn/0040-4020
https://search.worldcat.org/issn/0040-4020
https://search.worldcat.org/issn/0040-4020

HALOGENACION

0 oo L,

N
Boc Boc
Br Br §NBS Br
2xNBS X
f \ THF, -78 °C f \ THF, -78 °C f "\
~78% 90%
N N N
SiFPrg Sii-Prsy SitPry
4 | ! !
2
[y 2 T§
|
H H
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Acoplamiento Suzuki-Miyaura

La reaccidon de acoplamiento cruzado de tres componentes catalizada por Pd entre reactivos de aril metal,
monoéxido de carbono vy aril electrofilos es una ruta sencilla y conveniente para el sintesis de biaril cetonas
asimétricas. La reaccion de electrofilos deficientes en electrones. generalmente sufre de una reaccién
secundaria que da el producto de acoplamiento directo sin inserciéon de mondéxido. Miyaura desarrollé un
eficiente carbonilativo catalizado por Pd reaccion de acoplamiento cruzado de tres componentes de un
acido arilbordnico con aril electrofilos incluyendo un sustrato de bromofurano. Usando Pd (Ph;P), como
catalizador, el asimétrico biaril cetona 92 se sintetiza a partir de 2-bromofurano 91. Es notable que el PdCl,

(dppf), el catalizador de eleccion para otros haluros de arilo, proporciona un producto de acoplamiento
diractn excliigivn <in ingercidn de C.0O)

PhB(OH),, CO, Pd(PhzP
ﬂ (OH), (PhsP)s VeO,C /O\ Ph

O Br
K,CO3, anisole, 80 °C, 16 h, 58% O
91 92

MeO,C

Ishiyama, T.; Kizaki, H.; Hayashi, T.; Suzuki, A.; Miyaura, N. J. Org. Chem. 1998, 63, 472631
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Banwell y sus colaboradores han convertido diyodopirrol 107 en bis-boronato 108, el cual sin
purificacion se acopld con éxito para producir la bis-quinolina pirrol 109

H X K
m PdCl,(dppb) O’BZ gB\O
Et3N, dioxane [

H g
TIPS 85°C

107 pinacol boronic esters 108

OMe

Pd(Ph3P),
2M N32CO3
tol, MeOH
65 °C, 29%

Banwell, M. G.; Bray, A. M.; Edwards, A. J.; Wong, D. J. J. Chem. Soc., Perkin Trans. 1 2002, 1340-3.
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5
jcé Ph.p-bdZPPh,
ooy Y 7

o
Eliminacion
,/ reductiva

0 .ﬂ.r
B- F'SIDF'F'h
O PPh

3

f."EﬂS.l'CJ'St Isomerizacion

A
Ph P-#?EPPh

Ar—I
\< Adicion oxidativa

Ar
Ph.P-Pd—PPh,

LIl
Ilill

TDAL

H %/F’h - F-u:bDPPh

Transmetalamon

L% Yol
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Swager ha utilizado acido pirrol-3-bordnico 102, que fue preparado a partir de 6 por NBS bromacion
(88%), litiacién (Buli) y boronacion (B(OMe);; ag MeOH) (50% en total), en las reacciones de Suzuki
para sintetizar bis-pirroles 104-106, en una ruta sintética para obtener polimeros electrocromicos

S

W

B(OH), Br Br
4 \§ + Z/ \; Pd(PhsP)s / \ ] \
N S 2M Na,CO3 I}I |}|
JTIPS MeOH, tol TIPS TIPS
80 °C, 39%
102 o, | TBAF
50% THF
S
\
]\ / \ / \ / \ ]\ I\
N N
b H b H b b
105 106 104

Nadeau, J. M.; Swager, T. M. Tetrahedron 2004, 60, 7141-6.
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Pd®
Eliminacion 1 Adicion
reductiva oxidativa

R, Pd"-R1 —Pd"-x
Na® NaO'Bu
'Buo—é O'BU
I\ i
Transmetalacion R2 Pd -O'Bu
Ry t
é NaDEu* R E’é-—G‘Eu
Y7 v
5 6
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El componente pirrol también se puede emplear como haluro de arilo en el acoplamiento de Suzuki
con acidos aril borénicos. Chang ha efectuado varias de estas reacciones utilizando acido
fenilbordnico y halopirrol como 113y 114.

SUZUKI CON ACIDOS ARIL BORONICOS

E M Et Me
t € PhB(OH),, Pd(PhsP),
]\ . ]\
SN CO,Et  DMF, NayCOs, A, 94% Ph” N7 CO,E
N H
113
Br Br Ph Ph
PhB(OH),, Pd(PhsP)
P AL §
Me” N7 “CO,Et  DMF, Na,COs, A, 95% Me” N7 CO,Et
H H
114
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HALOGENACION

1, 89; H
2 oy S ‘25 “C E.r
70% ‘\\ﬂi@
@\ 84% [\
S | S Er
DMSO, 1 Uﬁ"
‘ - / \
88%
3Br; | Br Zn o Br Br™ g
48°% HBr ag. j
f}' '\E s 75.°G / ‘\ reflux /i '\\
8 75% Br g Br 905 S Br
| NaBHj, PA(PPhs)s d
MeCN, reflux - f \u
83% - g~ Br
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ACILACION

SOCl; ACl @
mﬂﬂH Et=O, reﬂux_' CS;, reﬂux-h -I" \\ -

S 805 S
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ACILACION

0 9,
ne Et?_o ,, Sf(%'g:‘,%" ,. | M Brz:NaOH, 10°C CO.H
Me a. \ 5N aq. NaOH, 1t
- () 22 ] ook, (/N\S
S0,Ph O SO,Ph SO,Ph H
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REACCION DEL CLOROFORMO

0 o+

O
_— K._ Ty —= _-—’-
@A @C"qﬁ Cl

H

] O
OH
C%ﬂ N
— Ccoly —= OH
GI eCompound com
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REACCION DEL YODOFORMO

2, 0
I3 s NaOH OH
. + CHI,
I-I30
P —~
LR & B
H _OH @ =
1 -
: =]
HH H
O 10F
i o o o P
o
2. H \ w:|
ge; or 5
T ; 3
4 OH L I
> S
3 I |
= . CI3
Cl OH
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lodide as an Activating Agent for Acid Chlorides in Acylation Reactions

1.3 eq.
Me Me
| 0 Lil 1 eq | O
PRIt -
U Cl R EtQAc, MS4 A 'l,l ."r R
reflux, 1-20h R: Ar, alkyl
product t(h) yield {%, isol.)
" o
N 1 68
\ / Ph
Y o
N
@ o 1 63
cl
v o
N
\ 4 50
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La activacion ocurre por la formacién del yoduro de acilo correspondiente

(o

(Ef”___ @%1?__

FCI

Muc

Yoduro de acilo
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ACILACION

PhN(Me)CHO MeCOCI, SnCl4
/ ). ,, <H0Q _POCL35°C (/ \S phHoOC _ // \

M
s 78% S 80% S >
0
Me Me Me
DMF, POCI; (-BuUCO),0
/ W H_aqK:€Os 0 100°C W} BF:FL0,0°C /\ FBu
i i -
o” T 76% o 30% O 2
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REACCION DE FORMILACION DE VILSMEIER-HAACK

ACILACION
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Anton Vilsmeier descubrio la reaccion de Vilsmeier-Haack junto con Albrecht Haack

Anton Vilsmeier Albrecht Haack
(1898-1976)

(1894 — 1962)

Quimico aleman Quimico aleman

Student und Assistant a der FAL.

O, Amton Vilsmeier, Enfdocker  dar
it i bevianvien chamisohon Re
axtian. foto: Aroliiv BASF
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REACCION DE ACILACION DE VILSMEIER-HAACK
(ANTON VILSMEIER and ALBRECHT HAACK)

/ \ 0 1. POCI; . / \
+ J\ -

R™ "NMez 2 Na,C0s H,0 0
> i
i
7" S0
— /J\m —_—

R NMe, R

rn—Z
Ir—<&

o

o—
o

Vilsmeier, Anton; Haack, Albrecht Berichte der Deutschen Chemischen Gesellschaft zu Berlin. 1927,60: 119—122.
Meth-Cohn, O.; Stanforth, S. P., Compr. Org. Synth. 1991,2, 777—-794. doi:10.1016/B978-0-08-052349-1.00049-4.
Campaigne, E.; Archer, W. L. Organic Syntheses. 33,27. doi:10.15227/orgsyn.033.0027.; Collective Volume, 4, p. 331
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REACCION DE ACILACION DE VILSMEIER-HAACK

/\DMF. POCI,
t

Cl ——
+
H 2

H cr
o
POCI;
HN " (CH.Cl)z. 0°C — "
47%
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REACCION DE ACILACION DE VILSMEIER-HAACK

Y
I
pre
I
o'
Y

HEENM
M Cl o
;
| PO,CL | PO,Cl
+
H ‘Hrld,: - e HfJ\FlJ;f
o =
g
Wt TN R N~
| T
Cl H 8
HT S H;0 3
—_— =
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REACCION DE ACILACION DE VILSMEIER-HAACK

Me Me Me

DMF, POCly \(—j (-8uCO).0
@TH_‘aq' KgCO:_;_ - 0 - 100 °C \ BF&Etzoa 0°C - miﬁu
o 76% o 30% o
o 0O
CHo=CHCONMe,
(T,0, (CH2Cl),, 0 °C

B ANy
45%

S
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INFLUENCIA DEL IMPEDIMENTO ESTERICO.
FORMILACION DE VILSMEIR-HAACK

o)
H
(CH3)2NCH=O
I\ - {30 ()
N POClI, L N
R R R
PRODUCTO PRODUCTO
C2 C3
R: PROPORCION2 A 3
—CHj >99: <1
H
—Q—CHs 12:1
H
'ﬁ 19:1
_(I:_CH:; ) )
CH,4
CHs
—C}—CHs 1:14
CHj;
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1 He. I
VILSMEIR-HAACK B CHy
N POCI,
CALOR
2) H,0, AcONa
REFLUJO
O
1)H3C\N/H\V/A\V/CI
{/ \E CH,4
N POCI;,

5 °C—> REFLUJO
2) Hzo, N32C03
REFLUJO

0
1y HCey

CHj,

POCl,
25 °C
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REACCION DE ACILACION DE VILSMEIER-HAACK

2) Hzo, Nach3
REFLUJO

5 h Universidad Nacional Auténoma de México
Facultad de Quimica 203
o Dr. Fernando Le6n Cedeiio —D—




NO,

| 1.5eq.DMF  AcONa

H 1.5 eq. POCl, H,O
CH.CI, reflux 1 hr.
reflux 1-1.5 hr
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0O

N
H

4

15eq.DMF  AcONa O
1.5 eq. POCI, H,O
CH.CI, reflux 1 hr.

reflux 1 -1.5 hr
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\?' - > CLNK,?(; — \Tka PO,Cl- — ‘:rIu'J\c: POLCly-
|
\N,,. __/
H Cl e
/-'\H H C" Cl
oo { SWRe = N0l oo [
HO | pe. -H N
o o} o}
0-
H
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Reaction of oxalyl chloride with DMF
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An Efficient Route to 1-Vinylpyrrole-2-carbaldehydes
A. I. Mikhaleva, A. V. Ivanoc, E. V. Skital'tseva, I. A. Ushakov, A. M. Vasil'tsov, B. A. Trofimov, Synthesis, 2009, 587-590.

= =
1.1 eq. (COCH, / DMF _
M CH,Cl,, 1t , 40 min ﬂ (COC, / DM
= i ) - R i CHO 1.1 eq. (COCI,
2)5 eq. NaOAc (1.1 Min H,0) R: A alkyl 11 eq DMF
I\H\“\m r.t., 30 min Iﬁa R"“H, alkyl ~10°C—s~rt., 15min
Product Yield (%, isol)  Yield (%, isol.)

(COCH, /DMF  POCL, /DMF'

ﬂ
Ph CHO 53 56
s

N
A a7 55
N

% Universidad Nacional Auténoma de México 17 A | Mikhalewa, A B. Zaitsev, A% lvanov, E. Yu. Schrnidt,
Facultad de Quimica A M. Vasiltsov, B A Trovimow, Tetrahedron Lett, 2006, 47, 3693, 208
—_— ey
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TAREA: MECANISMO DE REACCION

Ph O Ph
POCI;, DMF
[y T Py
N~ 0
O O H 80 °C 0 0 ITI/

2 EQUIVALENTES DE LOS DOS REACTIVOS
POCI, + DMF
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C) Laha, 2020

0
B K,S,05 / \_ 0
W Y ook - N
-CO,
H [ = 7 LR
R hasta 95% _E:T
208 209 210

Recientemente, Laha y colaboradores describieron la monoacilacion
regioselectiva de tipo Minisci sobre pirroles ricos electronicamente 208 a partir
de acidos acil-glioxalicos 209 bajo condiciones libres de Ag. Experimentos de
control confirmaron la formacién de un radical acilo, aunque el mecanismo de
reaccion requiere de estudios complementarios (C).

Laha, J. K.; Hunjan, M. K.; Hedge, S.; Gupta, A. Org. Lett. 2020, 22, 1442-1447
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ALQUILACION

tBuBr
5105, NaCO ClzCCHO, ZnCl>
/ \ 2o W\ Ad [\

it — 78°C AcOH, rt - H
FBUT g THBU 51% 0 44% 0 OH

CCly
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REACCION DE MANNICH (Carl Ulrich Franz Mannich )

. P (MezN)zCH; 7\
4\, [Me,N=CH, c] AcCLMeCh, O\/NM‘EE
D 86%

Carl Ulrich Franz Mannich
(1877 —1947)

=g . .
/ Quimico aleman
H—
Ho ® i/ Y2 HO H R! e Ho, H RI
Cl:< —_— HD:< —_— >L|'~~.|’E."3h —_— >LN
-~ £\ N
H H H H R? H -
®
., H0 H R? H R
' } O \
- k2 H R

http://www.liveinternet.ru/users/kakula/post316185121/
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http://en.wikipedia.org/wiki/File:Mannichreactionmech1.svg

REACCION DE MANNICH

CHZ0, ag. Me;NH
ACOH, Elﬁ °C
ME'E }\‘ 73% ME/E_B\/””EE

O )
CH.0, Et;NH
AcOH, n
+
CHy=NE!;
[y == ()
N N
H H NEt,
130 °C
( 5 O 24h I\
— 88% "
H HN
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REACCION DE MANNICH

Mannich

/ MezNH \

S
E—— clopirac

36% ag. HCHO Me,N=CH; C! -
]\ NHeisorc  Jf\y MeCN, refiux @\/
O\/NHz hac ol NMe,

S S S

) . . . . -
= Universidad Nacional Auténoma de México
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CHzO 1 [CHa)2MNH CHsl HaCN
] -~ [ ] = 1 HMecr

+ -
M N™ "CHpNICHl2 N™ TCHN(CH 3l I
1
CH4 CHy CHa

4.2.57 1,258

1] I
O CHj

' i Wi L e lw!
a
] GH;._‘!EN - EHJ-@E J';l ':HECN —FGH3-®7D M {;H:._IE';}:'H
]
Q ZHg

3250 2.2.80 3.2.61

Eliza Robertson, in xPharm: The Comprehensive Pharmacology Reference
, 2007
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1) EtyN, TOLM-002, o)
z /LH( toluene, 3010 33°C j/ \ ONa 1) NHzNHZ¢H;0, NaOH, 80 to 100 °c=
a 7| 2)NaOH, H,0, 70t0 75 °C vl 2) HCI, 30 °C
TOLM-001 'rom-om
X
o) C1” “OCH,
[ ~on ___ToLM-00s ( 1
N CH3COCH,CH,, 0°C 0 OCH3 cyclohexan, refux &/
TOLM-004 TOLM-006

Eliza Robertson, xPharm: The Comprehensive Pharmacology Reference
Reference Work « 2008
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REACCION DE ACILACION DE HOUBEN-HOESCH

@® =)
R—C=MN + HCl| a=—* R—C=NH * CCl

H H H R
NH
+ Hz0 F
E_H - NH? ||_H
NH; H o
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REACCIONES CON ALDEHIDOS

R R
c=0 + H®? T— C—OH
R R
L. % 3\
+ C—OH ——*= !
e M s ) HE' e c—OH
H R H Fll
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REACCIONES CON ALDEHIDOS

0 i o) .
Me Me M Me Me
L= —
I\ ‘:'Y H3POs, ACOH, rt Me | reduction
Me + 79% Me -+ ©
M I’?‘Pr N
H L H nPr

a 2-alkylidenepyrrolium cation

EtO, E10,C, CO,Et
MeCHO, HCI
Z; ) EOH 100G I\ /

Me™ ™, 83% Me” N Me
H H  Me
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REACCIONES CON ALDEHIDOS

! ® +PhNH, + HCI P @ _H e
Ph—@f \ — Ph—HHz—mcHD 2 Ve NS TNT C
P

|
(O~ “cHo o H0 ) OH  Bh

Colorante polimetino
(rojo)

Con el reactivo de Ehrlich, i.e. una solucion del 4-(dimetilamino)benzaldehido en presencia de HCI, la
reaccion procede para dar una sal de azafulvenio de color purpura: NMe,

+
NMe, NMes
Me pMesNCgH,CHO ~ Me Me
J, \.“ HCI, EtOH, rt - !,r '\‘
- - GI'
MEI ) 90% Me— Me

N
H

=
Lz
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REACCIONES CON ALDEHIDOS

2HCHO pyrrole
@ 8 KCOs zC’Q\cuon 0.15NHC) / \ / \ / \

N 84% 61% N N N
H H H H tripyrraneH
CHCls, rt
HOH:C™ N7 “CHZOH
H
chioranil
4CHCI3, reflux
31%
(2 steps)
porphytin porphyrinogen
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REACCIONES CON CETONAS

Me,CO, MeSO3;H + H* _—
{/ \5 EtOH, reflux / \ Me _ho M
- —_— N e
Me
N N N
H H OH H Me
l pyrrole
3Me,CO, 2xpyrrole / \ MeM
(-3H20) -
- N
88% H
——
HN
e
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REACCIONES CON ALDEHIDOS

'Z } D‘Me i Me’MMe MEMME

a dipyrromethene Gﬂll'l:ll'l

HCHO, ¢. HCI
@ 2 471%9% - &cl

S =

HCHO, HCI cl
ZnCly
m R M\
MeQ s Me 3%, MeQ.C S Me

3 ..“. Universidad Nacional Auténoma de México
: Facultad de Quimica 224
: Dr. Fernando Leén Cedefio ——




REACCIONES DE DISUSTITUCION (SEAr)

Bra Br Br
I, (cat.
I\ ocH, 2 T\ ock, - / \\_ OCH, 7\  ocH,
N ccl N + o N + BTN
| o) 4 | 0O ' @) [
H 28 oC H H H O
82.8 % 12.5 % 2.3 %
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ATAQUE C3

I\ OCHj Br—I
—_—
h
e
/ \\_ OCH,4 Br—I
_—
b
b0
ATAQUE C5

Br—I
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H | Br
OCHj / \\ OCH;,
T N
0 e
Br H Br Br
H / \\  ocH
® \ OCH3 NS \ OCH3 ~ N ’
N <> ©®N |
[ ' @) H O
H O H
@ —
H \ OCH; « 5 HY \@® OCH; <« H>©\WOCH3
Br N Br N Br @’Tj
e e H O
/ \\ OCH;,
Br N
|
H 0]
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REACCIONES DE DISUSTITUCION (SEA)

1- Br
j HNO 5
- (CHaCO=0

=
CDEH

"II{ \II" CHE':[:'EH
5

HMO 5

WA
CHE/Q\CDECHE [CH3CO)20
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REACCIONES DE DISUSTITUCION (SEA)

Erz
@\ pyridine, rt
'ﬁ-
N” “COzMe 49%
H

/\ HNO;

H2S0,

Me Et

AcOH
M
gM\ 73%
MeO2 N Me

H

RN

' .z?.'f.'—: Universidad Nacional Auténoma de México
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wo, 2
/N S AR\ 1\
S H,SO S " ONT s
O e ) O 0

(90 100%
80 % 14 %
H2N'—OCH3
HCI

B hel® I\ @5%) B
S \ HNO3 02N S \ 7000 OZN S O

N-ocH, 5°¢ N~-ocH,

75 % 95 %

Goda, H.; et. al., Synthesis, 849(1992)
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ENERGIA DE LOS HOMOS

0.432 0.100

0.004 /S\ 0.392 @\(

N~ocH,

5 m Universidad Nacional Auténoma de México
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ATAQUE C3
NO,

S @ o oNw |
B |Gl Ly |2y
S s ®S S
O O

0 ADICION ELIMINACION 0

ATAQUE C4 _ _
/\@ NO, ’ NO, ® O,N
S @ \ \S —_ = .
- © ,
© ADICION S o) o) ELIMINACION o)
ATAQUE C5
~ . B
LDy —| Dy Do =
: O,N
< O ADICION | OoN° S N o,N" 'S | N g Y
®
NO,
- , ® -
ELIMINACION 1 -H
[\
O,N" s
o)
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REACCIONES DE DISUSTITUCION (SEA)

MeO, CO-Me CO.Me CO,Me
NaOH
/ \  aq.EtOH,0°C_ E ; Cu.heat, /f ;
0O 81%
COzH CO
¢ C. HN‘D;; EH
/ \ Acz0,-15 = 0°C_ /
O 60% QM o

Me
c. HNO
oL o
o~ TCOH
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®
O\cun o PhaP_COMe  ——
o Cco,Me

furfural stabilized phosphorus ylid

0
/ \ o
_—
0 CﬂEME MeOH Mﬂ'ﬂ':.: 3 5 1 9 Cﬂzme

/ \ Raney Hih E_/_\_R

g R

T = R

1. RCOC!, Raney 3 4
{/ \5 SnCly / \ R, _’_HI Hi:l. 2 56/
S

2. R2COCI,
SnCl,
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REACCIONES CON REACTIVOS NUCLEOFILICOS (SyAr)

CH2S0;Ph

f \ CICH;SDEF’II_'I .1’( ‘l“
{ \, NG, I{DH,NHgl:lq,]__F { ;. NO,

(& T4% O

piperidine
oL B, LD,
NO, 100%  OuN NT N
Me

NO, NO;
NaOMe
&
T\, weotee, [

N NO; N OMe

Me Me
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Jakob Meisenheimer
(1876 —1934)
Quimico aleman

Reaccion de Meisenheimer (SNAr)

R R_ OR R OR
O,N NO, O2N NO2 02N NO:2
R'-OM ‘
-
H* M W
- _/N _

NO, oo NO,

R = H, OCH,

R' = CH,, CH.CH,

M =K, Na

. Universidad Nacional Auténoma de México
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REACCIONES CON REACTIVOS NUCLEOFILICOS (SNA)

NaH Me g. KOH
SD Me DMF BE 11F": 2 ME‘DH rE'ﬂUK
COMe 71%

':*Hf CO:Me)z

&
Ph / \ Ph \HPQSO;:MG SOQMe
802ME ( P 002M9

0
0 > co,Me

OMe
M002

MeO, CO,Me Q

p Universidad Nacional Auténoma de México
Facultad de Quimica
S0 Dr. Fernando Leén Cedefio ——

2o

02M0
CO2Me
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REACCIONES CON REACTIVOS NUCLEOFILICOS (SyAr)

iperidi
Br™ g TNO; high yieid O; 5 NO,

CICH,S0,NMe, CH,S0:NMe;
f \ KOH, THF f! \
HH3 {qu}
s~ NOg 81% s~ NO:
S\Ar Vicaria
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REACCIONES CON BASES FUERTES. FORMACION DE CARBANIONES

Y BuLi I/ g® i\
U“‘z\ = . g B\ —Li - L —¢

Z=NR,5, 00

@ + nBulj ——= QL-, + n-BuH

239




REACCIONES CON BASES FUERTES. FORMACION DE CARBANIONES

r-Buli
Y &8 O\

rn-Buli

TMEDA, hexanea
reflux ,O\

cr
::- 40 °C |
n-Buu N
/ THF, -78°C_ - \/\N/
o)
TMEDA |
Li SMe
W [ o ~COLi | T 9a% o ~COH
0.
O COzH ].‘%DA
e
Me,SiCl [\
Li” Ny ~CO.Li _B%?T"‘ MegSi~ g~ ~COH
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REACCIONES CON BASES FUERTES. FORMACION DE CARBANIONES

Li SMe

W CO.Li | ~ 94% COLH

0O

=
J-'-?a' .;E
Li” Ng”" ~CO.Li 87%  MegSi” o~ ~CO:H

1..“. Universidad Nacional Auténoma de México
G Pt Facultad de Quimica 241
2 Dr. Fernando Le6n Cedefio ——




REACCIONES CON BASES FUERTES. FORMACION DE CARBANIONES

n-Buli n-BuLi Me

A\ THF HMPA,-78°C B // \ THF.-78°C ___ Mel 7\

Me Me Me
Me Me Me

Bra o 180°c O n-Bulli Br
@\ aq. NaOH _ ’n\ qui;g:ne D Etz0, -75 ; E;MF m
o~ CO:Me Br™ Ng” TCOH CBT NG N
Me Me ethanolamine Me Me Me Me
i 170 °C -
¥

/ 5% s Mo, | T E! \E

NTCOH GN N

H . "H OH 4
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REACCIONES CON BASES FUERTES. FORMACION DE CARBANIONES

Et0:C Me Et0,C Me EtO,C, Me
l2 Ho, Pd/C, MgO
i/ 'ﬁ,t aqg. HEHCDE__ i/ ‘\l MeOH, pressurir ,f \
HOC™ ™~y ~coH 0% 7N 70% N
H H H
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REACCIONES CON BASES FUERTES. FORMACION DE CARBANIONES

M““‘Q O\

BI’ OSiMes
LDA n-BuLi
<JHF,0°C \ THF, -70 °C (Me ﬁrozg,
S

R2NCHO
80%
Br S aq. LIOH

HSCH,CO,Et CO.Et THF Cu, 260 °C
Y\ K»CO3, DMF, rt 7\ / heat quinolme 7\ /
81% goaf" 88%
s~ CHO S

S thieno[3,2-blthiophene

/Si\o/o\Si/ Bis(trimethylsilyl) peroxide

‘e
e,
| ’
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REACCIONES CON BASES FUERTES. FORMACION DE CARBANIONES

Li—Bu LL(‘;BA/ X Ed> “D

/O\ 1. Bull, Et,0 7\ H,0, H®
H i ]
2

LT
-
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REACCIONES CON BASES FUERTES. FORMACION DE CARBANIONES

Buli E’V\f)/
Meﬁﬁ*_“m/@‘u =m’f\ ,f

30
O
0
H0. H® \ \ﬂ/\)\/\/r OH® W
- = s ——
i
0 Me
Kl | 32
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REACCIONES CON BASES FUERTES. FORMACION DE CARBANIONES

Me Me Me
N, 2, U\ Br—(CHa}io—Br _ n\
1) KCN Me
2)HE HO n (CF3COROHFO,
g~ (CHg)yg—COOH MeCN
- HzD
Me
0
o (. Raney Ni N
S EtOH (CHz)12—,
(CHahg Me
(*) - muscona
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Acidez anillos heterociclicos derivados del N
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REACCIONES CON BASES FUERTES. FORMACION DE CARBANIONES

ANIONES AMBIVALENTES

;o\
— + MNaH ——= ""‘l%\l’ Na® +  Hs
H . .
Pirrol sodio
{ ,.} * CHMgl —> { NB‘ + CHy
H I'l!-'tgl
Yoduro de

pirrol magnesio

"{. N}‘ +  pBuli @ — Z'IIII IIIILB + nBuH
|
Li
Pirrol litio
Universidad Nacional Auténoma de México
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ANIONES AMBIVALENTES

0 o 0:°
// LDA // _C/

R_C\ » R_C\ /H > \ /H
o R
H @H H

| {|

RC=CH,; + R’X —™ RCCH,R’ C-ALQUILACION
" o

RC=CH, + R’X —> RC=CH;, O-ALQUILACION
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Fig. 1.1. Unsolvated hexameric
aggregate of lithium enolate of
methyl  butyl ketone; large
circles = oxygen, small circles =
lithium. (Reproduced with permis-
sion from Ref. 44. Copyright 1986
American Chemical Society.)
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SOLVATACION CON
MOLECULAS DE THF

Fig. 1.2. Potassium enolate of methyl r-butyl ketone; large
cirlces = oxygen, small circles = potassium. (a) Left-hand plot
shows only methyl z-butyl ketone residues. (b) Right-hand plot
shows only the solvating THF molecules. The crystal 1s a
composite of these two structures. (Reproduced with permission
from Ref. 44. Copyright 1986 American Chemical Society.)
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O K*

| CH;CH,0 0
CH;C=CHCO,CH,CH; + (CH3CH,0),80, —» | I
CH,;C=CHCO,CH,CH; + CHgCCIHCOZCHQCHg}
CH,CH;
EN HMPA 83 % 15 %
EN t-BuOH 0% 94 %
EN THF 0% 94 %
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ANION PIRROL

N-SUSTITUCION
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REACCIONES CON BASES FUERTES. FORMACION DE CARBANIONES

(+BuOCO):0 n-BulLi [ 1 EPraSici
5,! \E DMAP, MeCN, it // THF, -78°C__ {f \E T8C ort
N 81% N N 92%
Boc H L L
#NaH +PhSO,CI
D S 8 Gy
N “Hyp N -NaCl N
: Na® SO.Ph
I 1
+RCOCI (AICI) C—R +NaOH C—R
3 j
N — — N
HCI -PhS0O3Na N
H

|
S04Ph
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REACCIONES CON BASES FUERTES. FORMACION DE CARBANIONES

R/KO base TI TsCl I_‘s

@ + i I + (Jr%z — Q
1' - H\OJ\O)‘LO/- | O)\o/t-Bll

b4
ANHIDRIDO Boc

N
DMAP PIRROL Boc
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REACCIONES CON BASES FUERTES. FORMACION DE CARBANIONES

n-CgHiz n-GgHya n-CgHq3
LiTMP MesSnCl NBS
! \; THE, -70 °G_ THF, -70 °C /A"_\S THE, -70 °C ﬂ
™ MegSn 570+ Br
M B1% 3 N o N
Boc Bog Boc

ol

I
Li

LiITMP =tetrametilpiperiruro de litio

i,
0 3.0 =eslTpe - Oop Ol Qg

tNFh H o

clmgu é CIMg._ é
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REACCIONES CON BASES FUERTES. FORMACION DE CARBANIONES

0;@ HOCH;
NaH n-Bul - . \,—\/ i >
(N semci_ (/' \y thE, 5 50c |/ \ / \
N N g Q\a” O BN F- N \
H H

839, SEM |\ JHROC
S 41%
SEMCI = Me;Si(CHz),OCH,CI (CH,),SiMe,

CLORURO DE 2-(TRIMETILSILIL)-ETOXIMETILO

+ n-BuLi
MesN=CHCI CI- CHO  THF,-25°C Br Q
CH.Cla, reflux 1'\,, then DMF \ n-Buli . OH
{/ \) thenag NaoH,rt _ [/ thenTBAF J/ \\ THR-25°c o _ [/ \
N £9% N 71% N 80% N
Sii-Prs H SiF-Prs SiiPrg
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REACCIONES CON BASES FUERTES. FORMACION DE CARBANIONES
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REACCIONES CON BASES FUERTES. FORMACION DE CARBANIONES

)

N

@_ JI;.THF 1\
o )

N
Mo  (0CsHg

Me B(c-CsHg)s Me

n-BuLi -78 °C

THF, -70—=18 °C

35%
PACl(dppb)
Dt O] = [0 D )
5 g 1% NT |
Me =
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Reaccion de Diels-Alder
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Ph Ph Rl  R?
/ N
- PhC=N /
» + R'C=CRZ —» — - \
O ' O
. R!
NH,
CH,=CH-CO,CH,, HoN 0] CO:Me
ﬂ HZ» pd/CaCQS ﬂ\ Benceno, reflujo 2 Cone
- : - —
MeO,C™ ™\~ “NO; 63% MeO,C™ " "NH 92% \!
COxMe HO CO.Me
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- f‘i{:" - - llr:llr | —
(:/-"\D N |:|f q - "'| H\\D HEr S CH
NP W L AL =
= .‘"\l&l e S \& T j‘]/:ll'[

Energia libre de Gibbs relativa

(kcal/mol)
O A

H
/ HD. +1.9 ——

Koot = 500 \(

Producto cinético 0

endo
N 0 o /
() + -o
\ oL
Ko =1
Producto termodinamico
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o) 0 o
= 90°
0O + NH —> NH
—
o)
o)

HaC

0
o) UCH3
NH, O« o 1) THF, rt, 15 min _ D 4
/©/ \I\;):O 2) Ac,0, AcONa, pW, /©/
HaC
1 2

tollgleno
120 °C, 30 min, HAC O 60°C, 3h
62% 3

3 50%

Y
CH
3 0 CHs o O CHz O
1, DMF, pW p-TsOH N CH
o —— NOCW, - / 3
210; tolueno d H O
o) o o) 80°C, 16 h HyC H
CHj CHj 100 % g
7 6
aducto exo
Xiaoyuan Ding, Son T. Nguyen, John D. Williams, Norton P. Peet
Diels-Alder reactions of five-membered heterocycles containing one
heteroatom
Universidad Nacional Autdnoma de México W Tetrahedron Lett. 2014, 17; 55(51): 7002—7006. Ses
o e e doi: 10.1016/j.tetlet.2014.10.114
r. Fernando Ledn Cedeiio ——



https://dx.doi.org/10.1016/j.tetlet.2014.10.114

@) CH3O

H3C H

o CH3O

H3C H

s Universidad Nacional Auténoma de México

Facultad de Quimica
Dr. Fernando Le6n Cedefio

&

H3

H3

p-TsOH
tolueno

80°C,16 h
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100°C
S + Q) —————— | O
presion
HyCO = CN  Znl, O
Co - 2 _HsCO .
—= catalizador |
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CH-C,
'\ + L, °o—> / \
N H~c N~ > CH—COOH

|
i!i B D-Il CH;—COOH

Reaccion de Diels-Alder con el pirrol

=5 A
N—H + |L —>
SN
CN

i
N

CN
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ﬂ R EWG )

N + —_—
{ e g R
EWG
EWG
NBoc NBoc N
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Silvia Diez-Gonzalez del Imperial College London cicl6 el alquino 1 al enol éter 2
(Adv. Synth. Catal. 2024, 366, 806. DOI: 10.1002/adsc.202301181).

OBn Bno
Cu cat
%j - ﬁt{j)
Ph HO PR
1 2

Sébastien Prévost de la Ecole Polytechnique y Aurélien de la Torre de la Université
Paris-Saclay construyeron el tetrahidrofurano 5 acoplando el triol 3 con la sal de sodio
4 del malonato de dimetilo (Org. Lett. 2024, 26, 2393.

DOI: 10.1021/acs.orglett.4c00495).
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Xin Mu y Bin Yang de la Universidad Xi'an Jiaotong y Jan-E. Backvall, de la
Universidad de Estocolmo, carbonilé el aleno 6 en condiciones oxidativas para dar
la lactona 7 (Org. Lett. 2024, 26, 2430. DOI: 10.1021/acs.orglett.4c00572).

| N\ CO,CH,
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7

Hongchao Guo de la Universidad Agricola de China ensamblo el dihidrofurano
10 combinando la lactona 8 con cloruro de acetilo (9) (Org. Lett. 2024, 26, 2057.
DOI: 10.1021/acs.orglett.4c00315
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Indrajeet Sharma, de la Universidad de Oklahoma, cicl6 el diol 26 al oxetano 27
(ACS Catal. 2024, 14, 1292. DOI: 10.1021/acscatal.3c05040).
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Se aislé etromyroxol (3) de > 106 litros de agua de mar acondicionada con
larvas de lamprea marina, Petromyzon marinus. Rodney A. Fernandes del
Instituto Indio de Tecnologia de Bombay ensamblo el nucleo de 3 ciclando
selectivamente el diol 1 al tetrahidrofurano 2 (Chem. Commun. 2023, 59, 2007,
DOI:  10.1039/D2CC04579F; Chem. Commun. 2022, 58, 11921, DOI:
10.1039/D2CCO04574E).
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