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EL DESCUBRIMIENTO DE LA REACCION DE
DIELS-ALDER

El trabajo de Diels y Alder se describe en una serie de 28 articulos publicados en Justus Liebigs Annalen der Chemie y Berichte
der deutschen chemischen Gesellschaft de 1928 a 1937. Los primeros 19 articulos fueron escritos por Diels y Alder, mientras
que los articulos posteriores fueron escritos por Diels y varios colaboradores
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Diels, O.; Alder, K."Synthesen in der hydroaromatischen Reihe, I". Justus Liebigs Annalen der Chemie. 1928, 460: 96—122.
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98 Diels und Alder,

111. Fraktion (2,2 g), Siedep.,, = 160° Erstarrt beim
Ilmpfen mit o-Acetyl-o-chlor-p-kresol (XX1V, S.76) und
kann duarch den Mischschmelzp. 91° mit dem reinen Produkt
(S. 84) als solches identifiziert werden.

s wurden also gebildet: etwa 40 Proe. des theoretisch
moglichen o-Acetyl-m-kresols und etwa 60 Proc. o-Acetyl-
o-chlor-p-kresol.

Synthesen in der hydroaromatischen Reihe;
von Otto Diiels und Kurt Alder,

I. Mitteilung:
Anlagerungen von ,Di-en“-kohlenwasserstoffen.

(Eingelanfen am 13. Dezember 1927))

—

In einer Untersuchung iiber Cyclopentadienchinon be-
richtet W. Albrecht?) iiber die Anlagerung von Cyclo-
pentadien an p-Chinon. Den dabei entstehenden, von ihm
als ,Cyclopentadienchinon® und ,Di-cyclopentadienchinon®
bezeichneten Verbindungen legt er die Formeln I und II bei:

C\‘l " 03 - 0 o lé CH,
-~ 1 g -~ e ‘
I "‘}| “'40,1!.. I HH' SCH,, m flgﬁi WC" .
He.__-cu >C0~__/CH —'CH
w OHZERG o O

Er nimmt also an, daf sich Cyclopentadien wmit der
Methylengruppe an die Doppelbindungen des Chinons an-
lagert und daB die Reaktionsprodukte nock bdeide ZDioppel-
bindungen des Cyclopentadiens enthalten.

H. Staudinger? neigt dagegen der Ansicht zu, daf
sich Chinon und Cyclopentadien zn einem Cyclo-butan-deri-

) A. 348, 31 (1906). — Walter Albrecht, Uber Cyclopenta-
dienchinone, Inanguraldissertation, Minchen 1902.
*) Die Ketene. Stattgart 1912, 8. 59, Anm. 2,
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Our results will play a role not only in the discussion of theoretically interesting questions . . . . but
probably also will yield greater significance in a practical sense. Thus it appears to us that the
possibility of synthesis of complex compounds related to or identical with natural products such as
terpenes, sesquiterpenes, perhaps also alkaloids, has been moved to the near prospect.

..... We explicitly reserve for ourselves the application of the reaction discovered by us to the
solution of such problems.

Otto Diels and Kurt Alder Justus Liebigs Annalen der Chemie, 1928, 460, 98

Nuestros resultados tendran un papel importante no sélo en la discusion de cuestiones teéricamente
interesantes, pero probablemente también tendra una mayor importancia en el sentido practico. Asi
nos parece que la posibilidad de una sintesis de compuestos complejos relacionados con ,0 bien
idénticos, a productos naturales tales como terpenos, sesquiterpenos, quizas también alcaloides, se
ha aplicado hacia esta perspectiva.... Nos reservamos explicitamente la aplicaciéon de la reaccion
descubierta por nosotros para la solucién de tales problemas .
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EL DESCUBRIMIENTO DE LA REACCION DE
DIELS-ALDER
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METODO CUBO  Es una buena manera de visualizar la estereoquimica relativa
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Algunos tipos de dienos que presentan la reaccidn de Diel-Alder
ONe

= =
C . X ©o e 2
= Me,Si0 = = 2 .
o =0 0
~ ¢ vy Y O CC
‘H“'\-\‘ [] H"'H N,\__H::"__,N H"'H

Algunos tipos de dienofilos que presentan la reaccion de Diel-Alder
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Dieno de Danishefsky
Me ZnCl,
= MeSiClLELN  F
CoHe, 45°C, 12 hrs.” F———
I

O
SiMe,

Preparation and Diels-Alder Reaction of a Highly Nucleophilic Diene. Org. Synth., Coll.
Vol. 7, p.312 (1990); Vol. 61, p.147 (1983

Esta es una reaccion asimétrica con un liquido idnico quiral como disolvente quiral. El rendimiento quimico informado es del 66% con un exceso
de diastereoisémero del 60%.

oTf-
2 eq.
ﬂ- 17
1.5eq. J\ /[\
M FPh
o ““Ph

5|ME3 66%

de 60%

Asymmetric aza-Diels-Alder reaction of Danishefsky's diene with imines in a chiral reaction medium Pegot B, Nguyen Van
Buu O, Gori D, Vo-Thanh G Beilstein Journal of Organic Chemistry, 2006-10-11 at the Wayback Machine
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DIENO DE BASSARD

A Mild and Efficient Asymmetric Hetero-Diels-Alder Reaction of the Brassard Diene with Aldehydes

Q. Fan, L. Lin, J. Liu, Y. Huang, X. Feng, Eur. J. Org. Chem., 2005, 3542-3552.

1.5eq OTMS

EtQ

-

o

OEt +

5 mak% Ti(Oi Pr),
a 5.5 molk% ligand

TMSO OBt Tfa

HY “ar toluene, 0°C, 72 h
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Savard, J.; Brassard, P. (1979). "Regiospecific syntheses of quinones using vinylketene
acetals derived from unsaturated esters". Tetrahedron Letters. 20 (51): 4911—
4914. doi:10.1016/S0040-4039(01)86747-2.
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Enantioselective aza-Diels—Alder reaction of Brassard’s diene with aldimines catalyzed by chiral N,NO-dioxide-Yb(OTf)3 complex
Zhenling Chen, Lili Lin, Donghui Chen, Jiangting Li, Xiaohua Liu, Xiaoming Feng
Tetrahedron Letters 2010, 51, 3088—-3091

.-'{:'H 3

OTMS = Ar-. O
Ao H,,:[Jr Ligand-Metal /Flf, OMe  2) PhCOOH | ’uw”
N - -
JJ.J OH THF. r.t. Ph )ﬁ PhMe, reflux JE L_
MeO™ = Ph COOEt MeO” ~ “Ph
Entry L Metal Total yield of 4a® (%) ee” (%)
1 L1 Sc(OTf), 26 36
2 L1 Sm(0Tf)s 41 57
3 L1 Y(OTf) 46 64
4 L1 La(OTf), 30 68
5 L1 Yb(OTf), 56 73
6 L2 Yb(OTf), 33 59
7 L3 Yb(OTf), 32 -9
8 L4 Yb(OTf), 43 72
9 L5 Yb(OTf), 44 63
109 L1 Yb(OTf), 58 76
11° L1 Yb(OTf), 47 70

? Unless otherwise noted, all reactions were carried out with N,N'-dioxide (5 mol %), metal (5 mol %), imine 2a (0.1 mmol), and Brassard diene 1 (0.185 mmol) in THF

(0.5 mL) at rt for 22 h, then isolation was followed by adding PhCOOH (0.1 mmol) at 110 °C in PhMe for 12 h.
® Yield after flash chromatography.

¢ ee of 4a determined by HPLC. Sc Escandio

4 The ratio of L1:Yb(OTf), was 1.1:1. .

¢ The ratio of L1:Yb(OTf); was 1.2:1. Sa Samario
Y Itrio
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Divergent Asymmetric Total Synthesis of All Four Pestalotin Diastereomers from (R)-Glycidol
Mizuki Moriyama, Kohei Nakata, Tetsuya Fujiwara and Yoo Tanabe
Molecules 2020, 25(2), 394; https://doi.org/10.3390/molecules25020394
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Hetero Diels-Alder Reactions of 1-Amino-3-siloxy-1,3-butadienes under Strictly Thermal Conditions

Y. Huang, V. H. Rawal, Org. Lett., 2000, 2, 3321-3323.

NMe, 15 eq.
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1) Preparation and Diels—-Alder Reactivity of 1-Amino-3-siloxy-1,3-butadienes
S. A. Kozmin, V. H. Rawal, J. Org. Chem. 1997, 62, 5252.

2) On the Reactivity of 1-Amino-3-siloxy-1,3-dienes: Kinetics Investigation and Theoretical Interpretation

S. A.Kozmin, M. T. Green, V. H. Rawal, J. Org. Chem. 1999, 64, 8045.

3) A Nine-Step Total Synthesis of (-)-Platencin
K. Tiefenbacher, J. Mulzer, J. Org. Chem. 2009, 74, 2937
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OMe NMe-

TMSO TBSO

Dieno de Danishefsky Dieno de Rawal

Ventajas del grupo amino

1. Lacicloadicion proporcionara acceso a la sintesis de alcaloides que contienen N
2. Mayor nucleofilia = mayor reactividad que el dieno Danishefsky
3.  Brinda la oportunidad para la introduccién de quiralidad
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a) Regioselectividad b) Regia Endo c) Selectividad facial
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TBSO
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Tolueno
0 °C
a temp. amb.
3-5d
94%, 85% ee

E

OTBS

ébOHC,
GE;’==

Endo
favorecido

V. H. Rawal et al, J. Am. Chem. Soc., 119, 7165 (1997)

Endo

desfavorecido
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0O 0 0 0
HO—‘( Cl AICl, Ph SnCl, Ph
>—0H Cl Benceno Ph HCIraeiILJ.EOtOH Ph
o] o) temp. amb. 0 0
500 g ¥2,400 (TCD 500 g 33,600 (TCD 76% 1 g ¥8,700 (TCD
4 _ 5 6 7
Tokyo Chemical Industry (TCI)
R R 8 1) MsCl, Et;N
> OH
{—]-|pCEBC| . HO OH CHzclz
(2 eq) m ‘_\ VTN Ph 20 °C
> o) - 2) g
THF 2 Et,0 on A~ NH
-78°C = 0
|ll!l||B||nlll 0 Catemp. o
a temp. amb. 1° amb. HO 0°Ca temp. amb.
“n 9 71%
- - (2 pasos)
OMe
1) =
). enomo X1 L)
3F)3 Ph ""1Ph
Ph "11ph (5 mol%) D 80 °C, 90% N
MeCN-H,0 H 2) KHMDS
_ ~78 to —40 °C;
| reflulo 100 39,600 (TCD) TBscl TBSO
98% mg ¥39, _ 7geC
10 a temp. amb. 1
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Bn N ~CO;Me

= 7\
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REACCION DE DIELS-ALDER (DA), CATALITICA ASIMETRICA
REACCION DE DA CATALIZADA CON ACIDO DE LEWIS QUIRAL

CHO

EME\“, (2 eq)

cat. A (5 mol%)
MS4A
:
CH,Cl,

temp. amb., 21 h
99%, 93% ee

E

V. H. Rawal et al., J. Am. Chem. Soc., 124, 5950 (2002)

S
-N, \N-
‘Cr
t-Bu 0" O tBu

Bu t-Bu e
A SbF,

Catalizador de Jacobsen
Salen-Cr (l11)
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REACCION HETERO DIELS-ALDER A TRAVES DE PUENTES DE HIDROGENO
CATALIZADA CON BIARILDIOLES QUIRALES

O
16 I eq
NMe, H Ph
cat. B (20 mol®s)
L : -
Tolueno

TBSO

(O
OH Et
OH m=§—@-|=

(%A

Et

=4 3’{% Universidad Nacional Auténoma de México
_\'W’ Facultad de Quimica
S Dr. Fernando Ledn Cedefio

NMe,

O

TBSO

17

Ph

AcCl
CH,Cl,-Tolueno
—-78 °C. 30 min
O Ph
84%
98% ee 18

V. H. Rawal et al., J. Am. Chem. Soc., 127, 1336 (2005)
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Aqui la reaccién de Diels-Alder es apropiada debido a que es una reaccidén

estereoespecifica
Ph
O
(\ Transformada Z
> + | O
"< Diels-Ald \
Ie1S- er
S O
Dieno Diendfilo

conjugado Doble enlace-cis
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Reaccion
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Regioselectividad

La teoria orbital molecular de frontera también se ha utilizado para explicar los patrones de
regioselectividad observados en las reacciones de Diels-Alder de sistemas sustituidos. El calculo
de la energia y los coeficientes orbitales de los orbitales fronterizos de los componentes
proporciona una imagen que esta de acuerdo con el analisis mas directo de los efectos de
resonancia de los sustituyentes, como se ilustra a continuacion.

EDG +I|EDG N
_ EDG.__  EDG
S I S | S
NN X X
EWG /EWG
[T

E
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Regioselectividad
En general, la regioselectividad encontrada tanto para la reaccion de Diels-Alder normal como para la

demanda inversa de electrones sigue la regla orto-para, llamada asi, porque el producto ciclohexeno
tiene sustituyentes en posiciones analogas a las posiciones orfo y para de arenos disustituidos.

1
EDG

EDG
) EWG EWG
+ f —_—
AN

EDG
e EWG EDG
o —
N EWG
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Regioselectividad

Por ejemplo, en el caso de una demanda normal, un dieno con un grupo donador de
electrones (EDG) en C1 tiene su mayor coeficiente HOMO en C4, mientras que el diendfilo
con un grupo de extraccion de electrones (EWG) en C1 tiene el mayor coeficiente LUMO en
C2 El emparejamiento de estos dos coeficientes da el producto "orto" como se ve en el caso 1

en la figura siguiente. y polarizacion.

1
EDG EDG
/ EWG EWG
- —
X

EDG "EDG

| (P

=
NN
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Regioselectividad

Un dieno sustituido en C2 como en el caso 2 a continuacién tiene el mayor coeficiente HOMO
en C1, dando lugar al producto "para".

EDG G EWG EDG
o —
X

EWG
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Regioselectividad
Analisis similares para los escenarios de demanda inversa correspondientes dan lugar a

productos analogos, como se ve en los casos 3 y 4. Examinando las formas mesoméricas
canonicas anteriores, es facil verificar que estos resultados estan de acuerdo con las
expectativas basadas en la consideracion de la densidad electrénica y polarizacion.

3
EWG

EWG
EDG
= EDG
o —
N
EWG

/ EDG  EWG

o —

A EDG

= 2 Universidad Nacional Auténoma de México
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S 5 Dr. Fernando Leon Cedeio
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SINTESIS TOTAL DE LA (+)-TABERSONINA

"'r,Et (£)-TABERSONINA

CO,Me

. . . V. H. Rawal et al., J. Am. Chem. Soc., 124, 4628 (2002)
A General Strategy to Aspidosperma Alkaloids: Efficient, Stereocontrolled

Synthesis of Tabersonine
Sergey A. Kozmin and Viresh H. Rawal
J. Am. Chem. Soc. 1998, 120, 51, 13523-13524

An Efficient Approach to Aspidosperma Alkaloids via [4 + 2] Cycloadditions of Aminosiloxydienes:

Stereocontrolled Total Synthesis of ()-Tabersonine. Gram-Scale Catalytic Asymmetric Syntheses of (+)-

Tabersonine and (+)-16-Methoxytabersonine. Asymmetric Syntheses of (+)-Aspidospermidine and (-)-

Quebrachamine SEMINARIO
Sergey A. Kozmin, Tetsuo Iwama, Yong Huang and Viresh H. Rawal

J. Am. Chem. Soc. 2002, 124, 17, 4628-4641
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A General Strategy to Aspidosperma Alkaloids:
Efficient, Stereocontrolled Synthesis of Tabersonine

Kozmin, S. A.; Rawal, V. H. Journal of the American Chemical Society 1998, 120(51): 13523-13524. doi:10.1021/ja983198k.

OMe
QHGC
S NCO.Me S ncoM S|~
B~ 0.Me NCO.Me
OMea NHCO:Me KHMDS _
—_— - o —
o TSOH -+ PhMe, B5°C
-
0 1850 7%  1Bso
CO,Me
tabersonine
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ANALISIS RETROSINTETICO

Alquilacion
intramolecular

—

Indolizacion

Reaccion de Diels- R
I:""‘N/\/ Alder \N/\/

olefina ~ Endo-selectiva Z \“/
= 0T = +
TBSO "z, TBSO

Metatesis
CHO
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21 -

A B <R H‘:‘N""RI
OMe MeO,CHNT 7~ AHOHMe + ﬁ\
H

cat. p-TsOH
OMe il - ONMe \"QME R OMe
CHCI;
0 reflujo 0o 0 o
25 ml ¥3,100 (TCD 90% -
20
R & R H.\‘ ,Hr MEDECMNM NHMDS MEOECHNW
“NT N THF
) ) —78 °C; /I

| /l
H. _ -
> /]/i - 4( TBSCI
0 TBSO

O O Cuantitativo

22 53
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MeOL. A~ F  Et  CHO
T 24

y ~

Tolueno
e 85°C,2d
97%
23
® © MeO,C =
Ph;PCH,Br SN
n-BulLli
- —
THF et
-78°C
TBSO
atemp. amb.
26

<A &> Universidad Nacional Auténoma de México
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SRS Dr. Fernando Leén Cedefio
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MeO,C~
OHC
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Et

Selectividad Endo

. MeO,C_
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(5 mol%)
-
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60°C.1h
TBSO
88%
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NPIF

DMSD-TH F
temp. amb.

94%

Cr03
AcOH, Ac,0

H,SO,, temp. amb.

l -Benceng, 55 °C
Kl, H;O

NO,

30
67%

“””Zcﬁ”ﬁx 0-NO,CH;s @

—
Me
_,5|—0 f:
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MsCI
Et;N
—_—
CH,Cl,

-20°C
a temp. amb.

t-BuOK LDA
—_—

THF
temp. amb
87%

THF
-70a20°C

-

0o 38
MeO CN 4
Reactivo de Mander S Et
o= N —f
70 °C, 80% MeOYO
L N Y

Cloroformato de metilo - N-alquilacion
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Chiral Oxazaborolidine-Aluminum Bromide Complexes Are Unusually Powerful and Effective
Catalysts for Enantioselective Diels-Alder Reactions

D. Liu, E. Canales, E. J. Corey, J. Am. Chem. Soc., 2007, 129, 1498-1499.

H Fh PH
5 &Y. H B G catalyst: =
4 mol-% catalyst 0O
'-,I.-' + - ['-r—E
CH,CL, o H H L:Hﬁ, ol
78 0r-20°C,05-16 h R" .0 2
product T{C t{h)  yield (%, isol} ee (%) pm(luct T{C) t{h) yield{%,isol} ee (%)

CO,CHCF,
@/ endo: exo -7 a o8 99 =r = o
973
H CDACHACF3
95 92 /U o7 -20 16 = o a1
endoexo
973

H 0
W 78 05 99 99 E:E;@ -78 16 949 84
Q0 0
H a H
m 78 12
Ohie

CO,CH,CF,
99 a8 @/ - a9 99
endoexo
8812
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Regioselective and Asymmetric Diels-Alder Reaction of 1- and 2-Substituted
Cyclopentadienes Catalyzed by a Brensted Acid Activated Chiral Oxazaborolidine

J. N. Payette, H. Yamamoto, J. Am. Chem. Soc., 2007, 129, 9536-9537.

3 eq. B mol-% oxazaborolidine o%aza- < a
@/R COEt 5 mol-% FgCy-CHTH, baralidine:
+ r .
| CH,Cl,, -78°C B h R CO,Et I

~ 1.1 mixture of
regioisom ers enchoexo =991

product ]fi:?:lil ee (") product yri:aI{I ee (%)
("0, isol.) (%, isol)

B
= g4 81 95
0 Et CoOEt

-

Br 85 95 { w o8 93
0t 0 CO,Et
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Diarylprolinol Silyl Ether as Catalyst of an exo-Selective, Enantioselective Diels-Alder Reaction

satz
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H. Gotoh, Y. Hayashi, Org. Lett., 2007, 9, 2859-2862.

catalyst:

3 eq. 0.1 eq. catalyst '
0.2 eq. CF;C0O5H OHC R Ay
M0 L (7 OO ?&Fj&@‘f
toluene H  oTes

rt.3-100h R ~g5:15 “HU A 3 5F £-CaHy
unsaturated aldehyde t{h) exo:endo vyield (%, isol) ee{%) ee (%)
{mixture) exo  emndo

= JCHO
@ 7822 71 Hb 565
= JCHO
/@/\/ 8713 93 95 g2

. CHO
O/\/ 17 8515 75 o7 93

gy~ PO 3 7822 55 a4 O
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Catalytic Enantioselective Diels-Alder Reaction via a
Chiral Indium(lll) Complex
Y.-Chua Teo, T.-P. Loh, Org. Lett., 2005, 7, 2539-2541.

3 eq. ) =3 In situ preparation of catalyst:

: 0.2 eq. catalyst =
. = + R ¥ o balays - 0 LHO 13022 eq. (SFBINOL, 0.2 eq. InCl,
- Db MS 4 8 DCM, rt., 2h
A0 oret 200 ' Me, Br

21 0.6 eq. Bussnallyl 10min

product T{°C) vield (%, isol.) ee (%)
fle
aan - H
/@"C (t 35 a0
Br
(- H O
| -20 il GE
e
. -20
HD ” ¥
.Br
-20

./":"*A
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Design of Chiral N-Triflyl Phosphoramide as a Strong Chiral Brensted Acid and Its Application

to Asymmetric Diels-Alder Reaction
D. Nakashima, H. Yamamoto, J. Am. Chem. Soc., 2006, 128, 9626-9627.

7 eq. : ] catalyst:
@ SN (2
Hj\ OTIPS & mak % catalyst /O Et THN, O
Bt \/J\\/'\\. i * CO
| R toluene TIPSO , D7 _

-Ta"C 3-12h .
F

yvield (%, isol.) ee (%)

product t{h) wyield (%, isol.) ee{%) product t{h)
: i . i
z _|L‘ = -|L
S = TH
AT O
TIPSO 2 TIPSO : 12 89 ar
Ph™
0 0
L _| L
Et

\©\DMDM OBz
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ﬂ‘?\\’jw Facultad de Quimica
e Dr. Fernando Ledn Cedefio
—e—

et
2y

TIPSO 12 99 25 T|P5D/© 12 59 91
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A Mild and Efficient Asymmetric Hetero-Diels-Alder Reaction of the Brassard Diene with
Aldehydes

Q. Fan, L. Lin, J. Liu, Y. Huang, X. Feng, Eur. J. Org. Chem., 2005, 3542-3552.

igand : Ph Ph

1.3eq OTMS 5 mak-% Ti(0i Pr), TMSO OEt  TFa O . q}_"g..

o 5 5 mal-% gand cat.
“oet + |l e o =Y 0 Y
M “ar tolene, 0°C, 72 h | 2 h | 7%
B0 EtO *" Ar Et0” * ar
. #
Brassard Diene Aldehyde Yield (%, isol.)  ee (%)

71 93

45 96

24 62

av a7

] 41
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Halocycloalkenones as Diels-Alder Dienophiles. Applications to Generating Useful Structural

Patterns
A. G. Ross, S. D. Townsend, S. J. Danishefsky, J. Org. Chem., 2013, 78, 204-210.

1.05 eq. Br o
R + | - =
T CDC|3 [
rt.3-24h H
Br o 10 eq. NaOH CO;H
e (1 Min H,O, slow addition)
R = R
MeCM_ rt., ~ 10 min
H H
product t(h) vyield (%, isol.) product yield (%, isol.)
B g CO,H
TBSO 1 o
Br o i COH
/
| 18 92 ‘ e 56
H : H
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REARREGLO DE FAVORSKY

HO o ° 0
HO
H . -H,0 M Ca %)
el .
o
Ho (o° OH O\_oH
E— N .
7
H\.
(LOH
4
.'0:";.";5:2 dg;‘_
% i =
X

Alexey Yevgrafovich Favorsky
Quimico ruso
(1860 — 1945) Matraz de Favorsky
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2-[(Trimethylsilyl)methyl]benzyl Methanesulfonates: Useful Precursors for the Generation of

o-Quinodimethanes
H. Shirakawa, H. Sano, Synthesis, 2014, 46, 1788-1792.

2 eq. 2 eq. KF R

& 0.1 eq. 18-crown-6 @ R: H, Ph,
:L - R CO,Me
MeCN, rt.. 42 h EWG R:H, Me

EWG: COMe, COMe, CN

product yield (%, isol.) product yield (%, isol.)
COsMe
X 0, -
CO.Me CN
74 66
CO;M
COMe C
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Synthesis of Dihydronaphthalenes via Aryne Diels-Alder Reactions: Scope and
Diastereoselectivity
C. Dockendorff, S. Sahli, M. Olsen, L. Milhau, M. Lautens, J. Am. Chem. Soc., 2005, 127, 15028-15029.

i by i by
Co;
L, ), e
+ OCE, 60°C
: ~ R R v ope
R ' rac. MR,
product ¥ield (%, isol.) product Yield (%, isol) product Yield (%, isol.)
0 QB C QO Et o _ O Et
98 (I (I "
Fi 1]

¢ O 0r 00
l
RINE=
: ~ SO
Br
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Synthesis of Dihydronaphthalenes via Aryne Diels-Alder Reactions: Scope and
Diastereoselectivity
C. Dockendorff, S. Sahli, M. Olsen, L. Milhau, M. Lautens, J. Am. Chem. Soc., 2005, 127, 15028-15029.

Tio o e

Dgﬁ—m o | J@E> d. CsF QSJS—N#D
Me S 0 CHACN, 1t : ]
a (1o

dr= 191 °  A1% (isol)
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Imidazolinium salts as catalysts for the aza-Diels-
Alder reaction

V. Jurcik, R. Wilhelm, Org. Biomol. Chem., 2005, 3, 239-244.

Chde n::atalj.rst
1.1e A
| s " 0.1 eq. catalyst f‘*ﬁ“N’*Ar .
+ ||\ = HN ~Bn
Ay MeCN,rt, 16h “]’
T Cfs
Product Yield {%, isol.) Product Yield (%, isol.)

K g

|
85
(]
Cifle
T .
g2
]
NDH
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Chiral Brgnsted Acid-Catalyzed Inverse Electron-Demand Aza Diels-Alder Reaction

T. Akiyama, H. Morita, K. Fuchibe, J. Am. Chem. Soc., 2006, 128, 13070-13071.

1.5 eq D;H catahy st At |
OR 0.1 eq. catakyst Ho O QO

= + S P
N7 A I‘% toluene e o O
OH 10 or 0°C, 10- 55 h [ A Gj

oH A Qanthrd Ar
product T(°C)y) wield dstrans ee{%) product T{°C) yield cistrans ee(%)
(%, 1s0l.) {%, isol.)
DEt OBu
-10 24 G491 54 @(j -10 Bk 591 e
S H L
Br
QBN O Et
i Cl
0 TE ELE 51 ey 0 72 HE: 4 ar
M7 Ph H '
on N OH
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The Total Synthesis of Steroids

Woodward, R. B.; Sondheimer, F.; Taub, D.; Heusler, K.; McLamore, W. M. Journal of the American Chemical Society, 1952, 74(17): 4223-4251.

doi:10.1021/ja01137a001.
\j Me
Me
%

- ag. NaOH, dioxane;

PhH, 100°C, 96h then aq. HCl
MeO MeO MeO

cortisone
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General methodology for cis-hydroisoquinoline synthesis:
Synthesis of reserpine

Wender, P. A.; Schaus, J. M.; White, A. W. (). Journal of the American Chemical Society 1980, 102 (19): 6157—-6159. doi:10.1021/ja00539a038

Bn Bn
N o NBn ©
xylenes, MOMO O o MeO
- 2
s reflux, 16h O ————> —
0 93% HY
X HT OMe
O
OMOM - - OMOM @) OMe
(+/-)-Reserpine OMe
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A short enantioselective synthesis of (+)-sterpurene: Complete
intramolecular transfer of central to axial to central chiral elements

Gibbs, R. A.; Okamura, W. H. (). . Journal of the American Chemical Society 1988, 110 (12): 4062—4063. doi:10.1021/ja00220a069

SOPh Me
PhSCI, EtsN, Z Y\ Me N Me
CH,Cl,, -78°C, 2h Me—— : Me
then 25°, 38h Me H Me H
L ] L - 70% (+)-sterpurene
SEMINARIO
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Epoxydon, Epi- 02-18
Genski, T, Tavlor, B. J. K. Telrahedron Left. 2002, 43, 3573,

0 0 0 0 0
H H H
A BeOnH 2. Bu N BH, 1. A
+  — —_ ] _— = - 0
2. Et,Si-Cl

o T H H E z |
(Cyclopentadiens) 4 0 0 OH OSiEt;

(Quinons) 6.4/M1 dr [Retro-Cigls-Alder -= Alkens]

[Cizls-Alder, Quinone] [Encne epoxidation, nuclkeophilic]

T _—
(CH.=0),,

AlEts, FBus, 0 *C

[Worits-Baylizs-Hillman]

44%

0 0
HF
HO 5 SRaluii AT,
0
OH OSiEt,
Z}-epi-Epoxydon
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Dendrobine

7407
Kende, A. 5.; Bentley, T. J.; Mader, R. A.; Ridge, D. J. Am. Chem. Soc. 1974, 96, 43324334, COMM
O
Qe [Bubardlerre} H o
1. KOH 1. Mel, K00,
—_— _——
. 2. 0=0,, Ba{Clo:):
AcD 2. FeCly 120 =C = ' L MeO oH
DAC [Ciglz-Alder, Cuinons] [Encl = EnclEther] 0
[Quwinone synthesis] 1. NalQy, H™
2. Pymrolidine scetate
a O
H H H 0 ., cHO
Hz50y, HD MaBH.CM +
0 el eMH-Cl Mel HO
N - MeOH, pH & 0 H 0
/ / 0 .
Me Me Me 35% 11
) [Feductive amination, B-H]
[Encne-g-0R -* Enons]
Cu-VinyEnonz] (CHz=CH)-CuLi [Aldolenamine -= Enons]
= Med,C MED:I}
H H ;
1 o NaOkl=, HOM= MNaBH,
. Rudy, AcOH
' PrOH
D z EH:=N; D
! e s !
MEf e CarboxEster epimerization] Me Me
Dendrobine
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Miltirone

3007
Lee, J.; Mei, H. 5.; Snyder, J. KJ. Org. Chem. 1990, 55, 5013 (see also J. Org. Chem. 1985, 50, 455946).

CHz=CH-MgBr KHSD,, 150 =C - 0 =
D '\-\._\_:‘:‘:’ f D

[Mg-VinyhHetone] OH  [aylOH -> Diene] 81% hg:0

—

OH
HO Ag:0
| Ultrasou nl:l. Miltirone
[Guinone synthe=i] [Diels-Alder, Quinone]  [Maphthoquinone synthesis] (Rosmariguinone)
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Intramolecular Diels-Alder Reactions

The Intramolecular Diels-Alder Reaction,
E. Ciganek, Org. React. 1984, 32.
Stereochemical Aspects of the Intramolecular Diels-Alder Reactions,
Craig, D. Chem. Soc. Rev. 1987, 16, 187.
Cytochalasan Synthesis: Macrocycle Formation via Intramolecular Diels-Alder Reactions,
Thomas, E. J. Acc. Chem. Res. 1991, 24, 229.
Pericyclization of Vinylallenes in Organic Synthesis: On the Intramolecular Diels-Alder Reaction,
Okamura, W. H.; Curtin, M. L. Synlett 1990, 1, 1.
Transannular Diels-Alder Reaction on Macrocycles. A General Strategy for the Synthesis of Polycyclic Compounds,
Deslongchamps, P. Pure Appl. Chem. 1992, 64, 1831-47.
Second Generation of Steroid Synthesis via o-Quinodimethane,
Nemoto, H.; Fukumoto, K. Tetrahedron 1998, 54, 5425-64.
Harvesting Diels and Alder's Garden: Synthetic Investigations of Intramolecular [4 + 2] Cycloadditions,
Fallis, A. G. Acc. Chem. Res. 1999, 32, 464-74.
The Type 2 Intramolecular Diels-Alder Reaction: Synthesis and Chemistry of Bridgehead Alkenes,
Bear, B. R.; Sparks, S. M.; Shea, K. J. Angew. Chem. Int. Ed. Engl. 2001, 40, 820-49.
The Transannular Diels-Alder Strategy: Applications to Total Synthesis,
Marsault, E.; Toro, A.; Nowak, P.; Deslongchamps, P. Tetrahedron 2001, 57, 4243-60.
On the Origins of Diastereofacial Selectivity of [4+2] Cycloadditions in Cage-Annulated and Polycarbocyclic Diene/Dienophile
Systems,
Marchand, A. P.; Coxon, J. M. Acc. Chem. Res. 2002, 35, 271-7.
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Intramolecular Diels-Alder Reactions

Temporary linkage between diene and dienophile for regiocontrol

Taxol Ring D

Nicolaou, K. C.; Liu, J. J.; Hwang, C.-K.; Pai, W. M.; Guy, R. K. Chem. Commun. 1992, 1118

_ 0 - _ 0 -
B0 .U s EtD}';‘-g’\j - FHO,C vy
|:| .r’"f ; D D\ = - UH —= HI'.'H
_ _B-Ph
OH H

- o = - DHD' O
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https://www2.chem.wisc.edu/areas/reich/syntheses/taxol-ring-d-nicolaou.htm

Intramolecular Diels-Alder Reactions

Increased endo proference with acid catalysis.
Testosterone, 11-keto

Stork, G.; Clark, G.; Shiner, C. S. J. Am. Chem. Soc. 1981, 103, 4948.

0SiMe,tBu OSiMeztBu 81-21
—i-
—_—l ——
F0%
0
o endo 11-Ketotestosterone
Thermal 60 / 40 (endo fexo)

CF,COH, -72°C  96/4

‘; "?’:
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https://www2.chem.wisc.edu/areas/reich/syntheses/testosterone-11-keto-stork.htm

Intramolecular Diels-Alder Reactions

Spinosyn A Nucleus:

Mergott, D. J.; Frank. S. A.; Rousch, W. R. Org. Lett. 2002, 4, 3157

o~ 02-08
RhamO Rhamo ’ |:;::r:l1r‘1'3
<N COMe e
TBSO
TBSO MeAICL, = “COMe —
| — - Br B
Br = | —_ CO.Me
Mel.C endo adduct CONMe

spinosyn A Nucleus CO.Ke

SEMINARIO
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https://www2.chem.wisc.edu/areas/reich/syntheses/spinosyn-a-rousch.htm

Intramolecular Diels-Alder Reactions
Equisetina
Burke, L T; Dixon, D J.; Ley, S. V.; Rodrigues, F. Org. Lett. 2000, 2, 3611
.
S'Bu

LiCl0,

B
5
Wt

Aducto endo

Equisetina
Producto observado Toxina fusarium

H
Me

Este grupo metilo, con orientacién
pseudoecuatorial, controla la
estereoquimica de los nuevos enlaces
C-C que se forman

Girar la enona de

frente hacia atras del

dieno

. Pseudo-axial
e H Me Me H E//

SBu =B
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https://www2.chem.wisc.edu/areas/reich/syntheses/equisetin-ley.htm

Myrocin C
Chu-Moyer, Danishefsky, Schulte J. Am. Chem. Soc. 1994, 116, 11213

o
TBSO S
—-
—_—
25 =C
o

54%, 100% endo

50%, 100% endo

Myrocin C
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https://www2.chem.wisc.edu/areas/reich/syntheses/myrosin-c-danishefsky.htm

TRANSANNULAR DIELS-ALDER (TADA) REACTION

)
JUG —

Deslongchamps, P. Aldrichimica Acta 1991, 24, 43-56.
Deslongchamps, P. Pure & Appl. Chem. 1992, 64, 1831-1847.
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X

==

I
P eq.1
T

H
X =CH,, O, or NR

Delpech, B.; Calvo, D.; Lett, R. Tetrahedron Lett. 1996, 37, 1015-1018.

o
UJ\%\
A
R ——
=
Lilly, M. J.; Sherburn, M. S. Chem. Commun. 1997, 967-968.
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Lilly, M. J.; Sherburn, M. S. Chem. Commun. 1997, 967-968.

Ar

NR @94

R = Me, Et

Handa, S.; Jones, K.; Newton, C. G. J. Chem. Soc., Perkin Trans 1 1995, 1623-1633.
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(£)-alloyohimbane

Sparks, S. M.; Shea, K. J. Tetrahedron Lett. 2000, 41, 6721-6724.

o oo

Iyturinn alkaloid
Pérez, D.; Burés, G.; Guitian, E.; Castedo, L. J. Org. Chem. 1996, 61, 1650-1654.
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R eq.7

Y .
= i = H
MeD gl'l_ MeQD O

Tsai, Y-F.; Peddinti, R. K.; Liao, C-C. Chem. Commun. 2000, 475-476;

Carlini, R.; Higgs, K.; Older, C.; Randhawa, S.; Rodrigo, R. J. Org. Chem. 1997, 62, 2330-2331.
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aq. 1
Abad. A.; Agullé, C.; Cuiat, A. C.; Navarro, |.; de Arellano, M. C. R. Synlett 2001, 349-352.

Padwa, A.; Reger, T. S. Can. J. Chem. 2000, 78, 749-756;
Padwa, A.; Brodney, M. A.; Dimitroff, M.; Liu, B.; Wu, T. J. Org. Chem. 2001, 66, 3119-3128.

Scheme 4,

Universidad Nacional Autbnoma de México
Facultad de Quimica 82
Dr. Fernando Leon Cedeio
——




Sintesis de Nodusmicina

H. A. Whaley, C. G. Chidester, S. A. Mizsak, R. J. Wnuk, Tetrahedron Lett. 1980, 21, 3659-3662.

Nodusmicina
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Transposicion de Ireland-Claisen y contraccion anular para formar un macrociclo ideal de 12 miembros a través de una
reaccion Diels-Alder transanular llevada a cabo in situ

Frank, S. A.; Works, A. B.; Roush, W. R. Can J. Chem. 2000, 78, 757-771.

0 0
OH
0
Y OH f
% —= /
W | 4 N/

Fe(CO),

CO,TBS
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Shing and Yang efectuaron la sintesis de (-)-oblongolido tanto por reacciones IMDA como por
TADA

Shing, T. K. M.; Yang, J. J. Org. Chem. 1995, 60, 5785-5789.

co,But 210 oC
R —
= o OH
(-)-oblongolide
110 oC
0

W0
o
/dleﬁl/\ fl
e
on =
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New Strategies for Organic Catalysis: The First Highly Enantioselective Organocatalytic Diels—Alder Reaction
Kateri A. Ahrendt , Christopher J. Borths , and David W. C. MacMillan *

substrate catalyst LUMO-activation
NN ¢+ lewisacd (LA) = NNy
+
R R — \ ,R
MO + \H/. Ml . \Ap“ s
R
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Diels-Alder 1 "X,
cycloaddition 3 ‘o2
H™ /NRR dienophile
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O ’
MN,R'
+
diene 2 pe 4 CHO
catalysts 0 Me
V4
O\ MeOC COMe :\,Me
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Hitraraine
“amaguchi, R.; Hamasaki, T.; Sasaki, T.; Ohta, T. Wimete, K.; Kozima, 5.; Takaya, 5. 1 Org. Chem. 1983, 58, 11348,
Ll _ _
f}?\n‘"
| o
N - — =
N £ SnMes
I
H
=
HO [EMWHMIM] [Ciel=-Alder, Intram] OH

1. M=-"BuSiCl
2. LiAlH, [Carboechmids -= Amins]

3. BN F

[Li-&lhyl = Sn-AlhyT)

B8/4 E/Z Me;SnCl
CH,=CH-higEr |
z W, n-Buli TMEDA = L
HO | Lio 1
[Mg-VinyhE poxide] [LifH = Li-&lhyT)
Mitraraine
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The Asymmetric Diels-Alder Reaction

Asymmetric Diels-Alder and Ene Reactions in Organic Synthesis,
Oppolzer, W. Angew. Chem. Int. Ed. 1984, 23, 876.
Catalytic Asymmetric Diels-Alder Reactions,
Kagan, H. B.; Riant, O. Chem. Rev. 1992, 92, 1007.
Reagent-Controlled Asymmetric Diels-Alder Reactions,
Oh, T.; Reilly, M. Org. Prep. Proc. Int. 1994, 26, 129.
Diastereofacial Selectivity in the Diels-Alder Reaction,
Coxon, J. A.; McDonald D. Q.; Steel, P. J.
Advances in Detailed Reaction Mechanisms,
Vol. 3. James M. Coxon, Ed., Jai Press: Greenwich, CT 1994.
Chiral Heterosubstituted 1,3-Butadienes: Synthesis and [4 + 2] Cycloaddition Reactions,
Barluenga, J.; Su'arez-Sobrino, A.; L'opez, L. A. Aldrichimica Acta 1999, 32, 4-15.
Stereoelectronic Control in Diels-Alder Reaction of Dissymmetric 1,3-Dienes,
Mehta, G.; Uma, R. 2000, 33, 278-86.
The Sulfinyl Group as a Chiral Inductor in Asymmetric Diels-Alder Reactions,
Ruano, J.L.G.; Carretero, J.C.; Carreno, M.C.; Cabrejas, L.M.M.; Urgano, A. Pure Appl. Chem. 1996, 68, 925-30.
Chiral Sulfinylethenes as Efficient Dienophiles for Asymmetric Diels-Alder Reactions,
Arai, Y.; Koizumi, T. Sulfur Reports, 1993, 15, 41-65.
Asymmetric [4+2] Cycloadditions Mediated by Sulfoxides,
Ruano, J. L. G.; De la Plata, B. C. Top. Curr. Chem.1999, 204, 1-126.
Catalytic Enantioselective Diels = Alder Reactions: Methods, Mechanistic Fundamentals, Pathways, and Applications
Corey, E. J. Angew. Chem. Int. Ed. 2002, 41, 1650-1667.
Chiral Auxiliaries in Cycloadditions,
Ruck-Braun, K.; Kunz, H. Wiley: New York, 1999
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Diels-Alder Chiral Auxiliaries

Corey, E. J.; Ensley, H. E. J. Am. Chem. Soc. 1975, 97, 6908.

O H =~
0 TE-21
{H_)J\
— Z _:_. OBn
RO V0

(S)}-Pulegone

Ciptically pure

“‘phenyl menthyl”
acrylate
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https://www2.chem.wisc.edu/areas/reich/syntheses/prostaglandin-fragment-corey.htm

Diels-Alder Chiral Auxiliaries

Trost, B. M.; O'Krongly, D.; Belletire, J. L. J. Am. Chem. Soc. 1980, 102, 7595.

r-Stacking model -
dienophile approaches
H from the top

MeO
0
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Asymmetric Catalysis in Diels Alder Reactions
Corey, E. J.; Lo, T.-P. J. Am. Chem. Soc., 1991, 113, 8966.

CO.H 0
0
HTs S CHO N:E\
\ — e Sl:lelu
! r o
Mote: exo adduct Save opposite
N-Tosyl 05% yield enantiomer, 70% ee
Tryptophane 96 - 4 exo - endo thus postulate
5 mol% catalyst 001 RS ] rw-stacking interal::tinnJ

Magnesium complex: Corey, E. J.; Ishihara, K. Tet Left, 1992, 33, 6807. Similar Fe complex: Corey, JACS, 1991, 113,
728

Ph

D"&\,f 0 0 10% catalyst

=N 2Z+: < Cyclopentadiene

- Mg 92% ee

UH 0 9713 endo/exo
Ph Y/

82% yield
The cupric salts are sguare planar, and give the opposite enantiomer: Evans, Miller, Lectka, von Matt J. Am. Chem.
Soc. 1999 121 7559

i v S W><f

l:l =, &
.-"'-- —_— ] =
i 96/4 endofexo Pt =
| /! 15 =C o N”LL“‘D By 0 Ii] Bu
10% catalyst y / DJ\N )J\é\
-- — (OTF )
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Chiral Organocatalysis of Diels-Alder Reactions
Northrup, A. B.; MacMillan, D. W. C. J. Am. Chem. Soc. 2002, 124, 2458.

%/Eg 0 DPjHll\ Dh}ﬂell\

20 mol% Cat.

+ .
I:I —_— 2 I:]
| OMe I o I+ “H
L";\OME gn”” N EH}J

endo/exo = 2001 }_|
88% yield Cat _ _
96% ee i Dienophile

- Methyl and isopropyl ketones as well as cyclopentenone and cyclohexenone worked paaorly
SNariety of dienes warked well
+ Reactions can be run in agueous or ethanolic media
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Inverse Electron Demand Diels-Alder Reactions

Recent Applications of the Inverse Electron
Demand Diels-Alder Reaction,
Biogenetically modeled synthesis via an indole acrylic ester. Total synthesis of (+-)-minovine

Frederick E. Ziegler; Ernest B. Spitzner
Journal of the American Chemical Society 1973, 95, 21, 7146-7149

| 0,Me

| CO-Me

Minovine
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https://www2.chem.wisc.edu/areas/reich/syntheses/minovine-ziegler.gif

Inverse Electron Demand Diels-Alder Reactions

Vincadifformine
Kuehne, M. E.; Roland, D. M.; Hafter, R. J. Org. Chem. 1978, 43, 3705
78-41
H O Br
KOO
+ _H e
OMF
M
|l| 0.Me [interesting mechanism) | O=Me
0%
Vincadifformine
SEMINARIO
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Inverse Electron Demand Diels-Alder Reactions

Synthesis of a nicotine analog

N—N y Che, Siegl, Seitz Tetrahedron Assym. 1999, 573.
H i - B ' -
HM o h—rf R N Z“oEt CFy
| g |
Me NQH

_Nz
//—EIEUH

Micotine Analog

OMe
Boc

N
CH30H + |
N
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