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Chapter 1

Pericyclic Reactions

1.1. Introduction:

Definition:

Pericyclic reactions are concerted processes that occur by way of a cyclic transition state in which more than one bond is
formed or broken within the cycle.

The classic example of such a process is the Diels—Alder cycloaddition reaction, one of the most common and useful

synthetic reactions in organic chemistry.

Cycloaddition reactions, sigma tropic rearrangements and electrocyclic reactions all fall into the category of pericyclic

processes.

1. Concerted reaction that proceed via a cyclic transition state
2. No distinct intermediates in the reaction

3. Bond forming and bond breaking steps are simultaneous but not necessarily Synchronous

Classification:

i.  Electrocyclic ring closing and ring opening reaction
ii. Cycloaddition and Cyclo-reversion reaction

iii. Sigmatropic Rearrangements

iv. Chelotropic Reaction

v. Group transfer Reaction

Sub Classification:

Based on the number of it electrons involved in each component
i.  The numbers are written within a square bracket e.g. [21t + 211, [21t + 47T] etc
ii. Electrocyclic ring closing and ring opening reaction (6pi), (4pi),
iii. Cycloaddition and Cyclo-reversion reaction (6pi), (4pi),
iv. Sigmatropic Rearrangements (3,3), (1,5), (1,3), (1,7),(2,3),Chelotropic Reaction

v. Group transfer Reaction (related to sigmatropic)

1.2. Electrocyclic Reactions:

Electrocyclizations, a class of pericyclic reactions, are characterized by the formation of a ring from an open-chain
conjugated system, with a a-bond forming across the ends of a conjugated system (or vice-versa). Electrocyclization
reactions can occur thermally or photochemically, via two possible modes known as conrotatory and disrotatory. The

simplest examples of thermal electrocyclization are illustrated in below figure.
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2 Organic Chemistry

OR
An electrocyclic reaction is defined as the thermal or photochemical conversion of an acyclic conjugated system into a

ring system by formation of a 0 bond between the ends of the conjugated system in a concerted process, or the reverse

of this reaction. These reactions are reversible in nature.

D 150°C ( |\ 132°C
-~ X P

Woodward—Hoffmann rules for electrocyclic reactions are summarized in below Table:
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bonding allowed TS (Zero node)

\},3 con motion .
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/"\ antibonding

Fig: (a)= Thermal electrocyclization of 4npe conjugated system,;
(b)= Photochemical electrocyclization of 4npe conjugated

1.2.1. The Orbital Correlation Diagrams of Reactants and Products:

Longuet-Higgins and Abrahamson suggested that in any concerted process, the orbitals of the starting material and

product have the same symmetry. This is also supported by Woodward and Hoffmann.

The cyclobutene—butadiene interconversion may be considered as an example to verify the fact by construction of a

correlation diagram.

For cyclobutene, the bonding orbitals are o and 1, while the antibonding orbitals are o* and mt*.
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Pericyclic Reactions 3

For butadiene, the bonding orbitals are Y1 and 2, and antibonding orbitals are {3 and ya. In thermal reaction,
conrotatory ring opening of cyclobutene to butadiene, C2 (twofold) axis of symmetry is maintained throughout the
reaction, while for photochemical reaction, disrotatory ring opening, a mirror plane (m) symmetry is maintained

throughout the reaction.

____________________________________________________________________________

~
-

— KH\&%SA
(e} SS

. Mirror (m) Cs,- axis
Mirror (m)  C,- axis

sym sym
sym sym
Cyclobutadiene butadiene Cyclobutadiene  butadiene
oA~V A,
TUk s A—F; T A s—Y¥3

n—— A S—‘PZ TCJ><A —,

(a) C,- axis of symmetry for (b) Mirror plane symmetry for
conrotatory motion disrotatory motion

(a)=C2-axis of symmetry is maintained in thermal conversion of cyclobutene to butadiene;
(b)= mirror plane symmetry is maintained in photochemical conversion of cyclobutene to

Next, consider the thermal conversion of a 1,3,5-hexatriene to a 1,3-cyclohexadiene by the disrotatory motion where

mirror (m)-symmetry is maintained in the orbitals of the reactant and product.
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Organic Chemistry

In photochemical conversion of 1,3-cyclohexadiene into 1,3,5-hexatriene or vice versa, the C2-axis of symmetry is

maintained in conrotatory motion of the terminal groups.

X

yi(S) —— (Sho G (S)

1,3,5-hexatriene into 1,3-cyclohexadiene;

1,3-cyclohexadiene into 1,3,5-hexatriene or vice versa

Wy A
(Ty*)

k2 S
(ma*)

W2 A
(m2)

W, S
(mq)
o S

m plane

o= (A) N (S) wg

7 (S) f\—m} s

R ()

n(S) — — (AW,
nq (A) y(S} Wa
\\_(A} v,
(a) m plane classification (b) C; axis classification
(a)= Mirror plane (m) symmetry is maintained inthermal conversion of

(b)= C2-axis of symmetry is maintained in photochemical conversion of

C,-axis
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Pericyclic Reactions

1.2.2. Shortcut to Determine the Product in Electrocyclic Ring Openingand Ring Closing Reaction:

ring closing eletrocyclic reaction

Site of substituents | Con or Dis rotation = Geometry of substitution

0] C T
S C C
S D T

ring opening eletrocyclic reaction
O = opposite site, S = same site, D = Dis rotation, C = Con rotation, T = trans, C = cis
Even HOMO = Con rotatory Odd HOMO = Dis rotatory
ZZ/EE= opposite site  ZE/EZ= same site
Example:

Ring opening and closing reaction:

" heat = ¥ (0dd) HOMO = Dis rotation

opposite short cut = ODC

. cis
site
| N light
N - . »
) light = ¥, (even)HOMO = Con rotation "y
opposite _ trans
site short cut = OCT
@ heat _ ©/
=/ heat = ¥, (odd) HOMO = Dis rotation
same short cut = SDT trans
site
S light _ EI
= light = ¥, (even)HOMO = Con rotation
s:i:r;e short cut = SCC cis

; CO,Me 4n Z>Co,Me Reactions involving :
: D( S — 4n electron go via the |
i conrotary conrotatory mode .

CO,Me CO,Me 1

E ~Me 140°C , 5.5n 6n Me Reactions involving ;
ol i (4n+2) electron go via the!
: Me Me Me| disrotatory Me disrotatory mode '
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6 Organic Chemistry

1.2.3. Applications of Neutral Conjugated Systems in Electrocyclic Reactions:

Electrocyclic reaction of E, Z-1, 3-cyclooctadiene leads to cis-bicyclo[4.2.0]- oct-7-ene because of strain associated with

trans double bond.

5 H 5
i ~. H '
: oy 7
. con '
: '
5 B0 LI
; PhH :

Although cyclobutenes are converted into butadienes on heating to get relief of ring strain, cis-bicyclo[3.2.0]-hept-6-ene
on heating gave Z,Z-1,3-cycloheptadiene by forbidden disrotatory motion. This anomaly of the Woodward—Hoffmann
rules can be accounted for by the stability of the product formed. In this case, allowed conrotatory motion gives the
strained E,Z-1,3-cycloheptadiene, which is less stable due to ring strain and hence rapidly isomerizes to Z,Z-isomer at the

reaction temperature in low yield.

%
—
oo

8|3

°lo
T
I@
T
T
T
T

Study of the electrocyclic ring opening of cis- and trans-3,4-dichlorocyclobutenes indicated that trans-isomer reacts at
lower temperature. This is due to ring opening by outward conrotatory motion of donor chlorine substituents while in

case of cis-isomer, activation energy is higher as one of the chlorines rotates inward.

_____________________________________________________________

o
\

|
\
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Pericyclic Reactions 7

When a cyclobutene ring contains both electron-donating and electron-accepting substituents, conrotatory outward or

inward motion of the substituents depends on the size of the substituents.

Sl

Ne)
T
N
(@)
(@]
T
M
(@]
<
(0]
N
g1
S 1O
@)
T
N
(@]
@)
T
N
(@)
<
(0]

Cyclobutene 9 having olefinic function at C-3 or C-4 position undergoes inward ring opening from the olefinic substituent

site followed by ring closure to give the product.

This inward motion of the olefinic substituent stabilizes the HOMO of the TS by m-orbital interaction of the substituent

with the donor lobes of p-orbitals of the breaking o bond of the ring carbons.

dis

i
o.
I/

_j/ \>

| Me TS
1.2.4. Examples:
Ph Ph
80°C dis Ph 110°C dis @;‘Ph
—_— —_—
— Ph
Ph

H
Oo = ch or = b
= o
Q -10°C, 30h 20°C, 8h ©:(
— = = —_— >
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Pericyclic Reactions 9

O O %
dis

CO,Me CO,Me
CHO H
/ 55°C = ring closure N
14, "CO,Me —a > AC s b
CGDG NN (@] (0]

OH (@]
OH OH
4 A = ring closure
15. > | _fing closure _  —
con,outward dis ~—
7 COZCM93 COzCMeg, C02CMe3
H

1.2.5. Nazarov Cyclization Reaction:

Acid-catalyzed cyclization of divinyl ketone occurs by conrotatory cyclization of 3-hydroxy pentadienyl cation. This type of

cyclization reaction is known as Nazarov cyclization reaction.

(0] (@]
_—
Mechanism:
® ~-H
(@) (“O| OH
—_— —_— —_—
~_/
H

Examples:
) )
H
1 | | ZrCly,(CH,CI),
) 60°C,36hrs
[Tl SIM63 [}l H
COzMe COzMe
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10 Organic Chemistry

5 H PO4

Ph
3. HC|O4,A020
EtOAc,9hrs
38|
Me Me
CF3SO3H

Key Points:

Cyclization of an acyclic conjugated polyene system
The terminal carbons interact to form a sigma bond

Cyclic transition state involving either 4n electrons or 4n+2 electrons.

e 0o T

Electrocyclization of butadiene (4n) and hexatriene (4n+2)

1.3. Cycloaddition Reactions:

1.3.1.Introduction:

Cycloaddition reactions are the most useful pericyclic reactions in organic synthesis. These are the reactions of two 1t
systems to form ring compounds by the breaking of two 1t bonds and making of two o bonds in a concerted process. The
reverse of cycloaddition reactions is known as retro-cycloaddition reactions. Both cycloadditions and cyclo-reversions
proceed through cyclic transition states in which continuous flow of electrons occur among the reacting molecules. These
reactions are classified according to the number of i electrons involved in each reacting molecule. The major classes are
[2+m?], [m+m?], [+m?), [n®+m?], and [m®+m*]. These are simply known as [2+2]-, [4+2]-, [6+2]-, [8+2]-, and [6+4]-

cycloaddition reactions and are illustrated below.
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Pericyclic Reactions

[+ [le=— [[1] o
+ |
2 + n? 2+ o2 -
6+ 12
/
v =
+
n* + 2 o2+ + 62 %
8 + 2
C D
+ P —— s
D
— =
6 4
Tt 2, 4, 2

occt+n +to +

1.3.2.[2+2]-Cycloaddition Reactions:

2

11

c-+n't+o

Thermal [2+2]-cycloaddition reactions are less common, but photochemical [2+2] cycloaddition reactions are very

common.

g g S

_________________________________________________________________

L
C
=]

. ¥
|ﬂ—
= |

- = = e = e = = = e e = e e e
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12 Organic Chemistry

Stereochemistry of the Reaction:

The reaction is stereospecific within each component but there is no endo rule-there is a conjugating group but no ‘back

of the diene’. The least hindered transition state usually results.

COzMe COzMe
- . |;__7 ______
COzMe o

Regioselectivity/Regio-chemistry of the Reaction:

HOMO/HOMO and LUMO/LUMO interactions that no matter in the reactions of the excited state. The sizes of the
coefficients in the LUMO of the alkene are the other way around to those in the HOMO. There is one electron in this pair

of orbitals-in the LUMO of the enone in fact, as the enone has been excited by the light-so overlap between the two

)krb 7515 WL&%

HOMO LUMO

(0]
Q H
+ hv +
—_—
Me Me hexane - Me
H Me
Q M |Ph3P=CH2
e hv DMSO
hexane S ——
Me ii. TsOH
Me 77% PhH
Me O
Me Me
(0]
- f °
—_— —_— 0
OH
Me OH Me 76%
Me
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Pericyclic Reactions 13

1.3.3.Thermal [2 + 2] Cycloadditions:

There are some thermal [2 + 2] cycloadditions giving four-membered rings. These feature a simple alkene reacting with
an electrophilic alkene of a perticular type. It must have two double bonds to the same carbon atom. The most important

examples are ketenes and isocyanates. The structures have two p bonds at right angles.

o
o) o)
J heat J‘J H heat ij
r N,
J\ R Neso,ar R SOCl

Preparation and Reactions of Ketene:

Ketene itself is usually made by high-temperature pyrolysis of acetone but some ketenes are easily made in solution.

The very acidic proton on dichloroacetyl chloride can be removed even with a tertiary amine and loss of chloride ion then

gives dichloroketene in an E1cB elimination reaction.

o}
Et;N Ofb
3 S 7 dichloroketene
Cl Cl~ Cl
cl W
EtsN Cl Cl
Cl
Ph .
cl EtN 1 — NPh
cl | ¥ NPh o]
Cl )
H o
Et,N i.Zn, AcOH
@ + ClHC-COCl ——> Cl "in,0,
72%
0 L Cl
PhO PhO, OJ/O
PhO NAr 7"

Cl

e
92%

If the elimination is carried out in the presence of cyclopentadiene a very efficient Regio-and stereospecific [2 + 2]

OMe

cycloaddition occurs.

The most nucleophilic atom on the diene adds to the most electrophilic atom on the ketene and the cis geometry at the
ring junction comes from the cis double bond of cyclopentadiene.
It is impressive that even this excellent diene undergoes no Diels—Alder reaction with ketene as dienophile. The [2 + 2]

cycloaddition must be much faster.
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14 Organic Chemistry

o) e
4 — e
@ g/u\m HoC

If both components have one substituent, these will end up trans on the four-membered ring just to keep out of each
other’s way.

This example has more functionality and the product could be used to make b-lactams with antibiotic activity, such as
analogues of the b-lactamase inhibitor, clavulanic acid.

o)
PhO.__H Ov\/o PhO,, OJ/
o) EtsN S — J

(@]
. Y NA o] N
PhO\)J\CI g r S Q
92% OMe
Examples:
Me Me Me Me
1. Me Me —V > +
\ —— / 4/
Me Me Me Me
Me Me Me Me
2 Me hv AN . H
—_— —_— +
Me Me" Me Me®  Me
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Pericyclic Reactions
<5 N

E—

Me Et,0.BF,
8. H,C=C=0 +  »=0 - 0
Me
Ph OEt O OEt
\

Me

1.3.4.Diels—Alder Reaction or [4+2] Cycloaddition Reaction:

15

The most important type of thermal [4+2]-cycloaddition reactions is known as the Diels—Alder reaction, as this reaction

was discovered by Otto Paul Herman Diels and Kurt Alder in 1928. It may be noted that both of them awarded the Nobel

Prize in Chemistry in 1950 for their contributions on the development of the Diels— Alder reaction.

These reactions are defined as the concerted [4+2]-cycloaddition reactions of conjugated dienes with an alkene or alkyne.

The alkene or alkyne is known as dienophile. Hence, these reactions are described as [m*+n?]-cycloaddition reactions.

These reactions are carried out by heating the compounds alone or in an inert solvent or in the presence of a Lewis acid.

An alkene or alkyne having electron-withdrawing substituent acts as an effective dienophile. These reactions proceed

stereospecifically to syn-addition with respect to both diene and dienophile.

I IrCHo

CHO CHO
el X

diene dienophile product
O L, B QL =s
NO; NO, NO,
NO,
diene dienophile
dienophile - a quinone O

diene o
\ = 4
>l =
MeO
MeO o

(@]

product
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16 Organic Chemistry

I. Regioselectivity of Dies-Alder Reaction:

Regioselectivity of Diels—Alder reaction depends on the position of substituents in both diene and dienophile. Usually
four types of D—A reactions are observed. This regioselectivity of Diels—Alder reactions can be interpreted on the
basis of electron density at C-4 of the diene and C-2 of the dienophile.

For dienes with electron-releasing groups at C-1, HOMO has its largest electron density (largest HOMO orbital
coefficient) at C-4. For dienophiles with electron-accepting substituents, C-2 has minimum electron density (largest
LUMO orbital coefficient) in their LUMO.

Hence, the strongest frontier orbital interaction occurs between C-4 of the diene and C-2 of the dienophile in a
normal electron demand D—A reaction to give ‘ortho’-like product.

Similarly, in other type of normal Diels—Alder reactions, dienes with electron-releasing groups at C-2 have the largest
electron density at C-1 in their HOMO. Therefore, the strongest frontier orbital interaction occurs between C-1 of the

diene and C-2 of the dienophile to give ‘para’-like product as major product.

Type A: Type B:
EDG DG EDG DG
T —0™ Tl
+ |
AN EWG
Eg:
NEt
NEt2 2 MeO = MeO
P COfEt COEt +\L .
. X “cHo
A CHO
Type C: Type D:
EDG
EDG EWG
= = EWG
O I
x EDG .
Eg: Eg:
COOH

COOH

MeO,C
ot OEt ez \( _ Me0,C
- [
+ W NEtZ U
x NEt,

EDG=Electron- donating group , EWG=Electron- withdrawing group
EDG= alkyl , aryl,RO , Me3SiO,RoN
EWG=CHO,COR, CO,H,CO,R,CN,NO,,halogen,alkenyl,aryl

IFAS Publications www.ifasonline.com



Pericyclic Reactions 17

Il. Stereochemistry in Dies-Alder Reaction:

e The Diels—Alder reaction is stereospecific.
e If thereis stereochemistry in the dienophile, then it is retained in the product.
e Thus, cis and transdienophiles give different diastereoisomers of the product.

e  Esters of maleic and fumaric acids provide a simple example.
Stereochemistry of Diene:
With a trans, trans-diene we simply exchange the two sets of substituents, in this example putting Ph where H was

and putting H where the bridging -CH2 group was.

This is the reaction.

h
Ph co M HS
CO,Me 2Me CO,Me
~ —
-~ >CO,Me
N - 2
co M -
IR CO,Me 2Me H'Pn

The remaining case—the cis, trans-diene—is rather than the first two, but is met sometimes.

This is the unsymmetrical case and the two substituents clearly end up on opposite sides of the new six membered

ring.

_— CO,Me COzMe CO,Me
OO — B, —X
AN CO,Me (\ CO,Me CO,Me
dimethyl maleate
_ CO,Me v CO,Me CO,Me
S
X MeO,C QM g; H "'CO,Me
€Ly
dimethyl fumarate
0 OMe
Me 100°C
3 + h _ >
H
O
COy,M
~"R  CO,Me 2 R, 2Me CO,Me
N R
COM COzMe
R CO,Me R 2Ve

IFAS Publications www.ifasonline.com



18 Organic Chemistry

lll. The Endo Rule for the Diels—Alder Reaction:

The D-A reaction of a cyclic diene with a cyclic dienophile may give two sterecisomeric products, endo- and exo-
products depending on the conformation of the transition states.

The product in which the unsaturated substituents of the dienophile are cis to the double bond of the newly formed
cyclohexene ring is called the endo-product, whereas in the product, where these substituents are trans to the
double bond is called the exo-product. For example, furan on reaction with succinimide gives endo- and exo-
products respectively, at different reaction conditions.

—H, 7 Oy o) o
25°C o
@9/_\ | NH ————— 7 " O 90°C ; - K
H NH A
o g H
endo adduct exo adduct
90°C T

Therelativeorientationsofthedieneanddienophileina favorable TSforaDiels— Alder reaction is predicted by Alder’s

endo-rule.

The Alder’s endo-rule states that for Diels—Alder reactions of substituted butadiene derivatives with dienophiles
having an electron withdrawing substituent, kinetically controlled endo-TS will be preferred over exo-TS because of
secondary orbital interactions of the electron-withdrawing substituent with the butadiene n-system. The endo-TS
has lower activation energy than that of exo-TS.

The product derived from endo-TS is called kinetically controlled product and the product derived from exo-TS is
called thermodynamically controlled product. Frequently a mixture of both stereoisomers is formed and sometimes

the thermodynamically controlled exo-product predominates.

It has been observed that reaction of butadiene with maleic anhydride using deuterium-labeled but a diene gives 85

O
DHO
-~ D |O
+ >
D HO
D
0 o)

The reaction of cyclopentadiene with maleic anhydride also gives 97.5 % endo-product.

0
H
@J'Eléo 7 0
H
\ o
0

endo addition product

% of the endo-product.
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The secondary orbital interactions in preferred endo-TS are shown in below figure:

19

endo -TS Z=EWG exo -TS
0
H H ?
' 5 0] © =0
O |
0 H O
o H

the 'endo’ adduct
(less stable )

the 'exo' adduct
(more stable)

= 7
endo
relationship

between two alkenes
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20 Organic Chemistry

IV. Solvent in the Diels—Alder Reaction:

Water, a most unlikely solvent for most organic reactions, has a large accelerating effect on the Diels—Alder reaction.

Even some water added to an organic solvent accelerates the reaction.

The endo selectivity of these reactions is often superior to those in no solvent or in a hydrocarbon solvent.

Solvent Rela | Endo: 0]
. 0] H
tive | exo
—_—
rate | ratio @ + ﬁj\ M M
Hyd b 1 80:20
ydrocarbon endo prodcl)Jct exo product
(isooctane)
Water 700 96:4
H3N@ o) NH, N
(0] Me | _H Mel .H
b H,O
> 1
H
L (0] i
0 (0]
98% yield
( l 200°C H30"
| - .
Yo R 400°c 0~ “OR CHO CHO

V. Substituent Effects on the Reaction Rates:

i.  Steric Effects of Substituents:
Diels—Alder reactions are sensitive to steric effects. The presence of bulky substituents on the dienophile or on

the diene hinders the approach of the components to each other and decreases the rate of reaction.

2,3-Dimethylbutadiene reacts with maleic anhydride about ten times faster than butadiene due to electron-
releasing effect of the methyl group.

2-tert-Butyl-1,3-butadiene is 27 times more reactive than butadiene toward maleic anhydride because the tert-

butyl group favors the s-cis conformation due to high 1,3-steric interaction in the s-trans conformation.

o+
M Me _
e o S
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Pericyclic Reactions 21

The presence of two bulky substituents at C-1 position of a diene prevents the adoption of s-cis conformation of
the diene and decreases the reaction rate. For example, 4-methyl-1,3-pentadiene is about 1000 times less

reactive than trans1,3-pentadiene toward tetracyanoethene.

Me)( H Me
Me
Me Me
= ™
S- trans s-Cis

Usually cyclic dienes such as cyclopentadiene and ortho-quinodimethane are more reactive than open-chain

dienes because of their s-cis conformations.
ii. Electronic Effects of Substituents:
In electron-demand Diels-Alder reactions, dienes are activated by electron-donating substituents, such as alkyl,

-NRz2 and -OR.

Electron-rich dienes accelerate the reaction with electron-deficient dienophiles, as illustrated by the relative

> 7 Z = = =
> > > > >
MeO N X ¢l

VI. Intramolecular Diels—Alder Reactions:

reactivity trend.

When the diene and the dienophile are already part of the same molecule it is not so important or them to be held

together by bonding interactions across space and the exo-product is often preferred.

If carbonyl group conjugated with the dienophile. The less stable cis ring junction is formed because the molecule
can fold so that the carbonyl group can enjoy a bonding overlap with the back of the diene. This time the linking

chain has to adopt a boat-like conformation.

o) 0 e
ch-ab-t
Z =
H

On the other hand, we give the dienophile a conjugating group at the other end of the double bond, stereoselectivity
is lost.

stereospecific addition
CO,Me and H trans in both

products
CO2Me COzMe MeOZC H MeOZC
\
| —
=
44% 47%
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The trans-alkene, two products are formed and both retain the tran-sgeometry of the dienophile. But once again a

nearly 50:50 mixture of endo and exoproducts is formed.

stereospecific addition
CO,Me and H cis in both products

MeOZC\H MeO,C y
A
47% 45%
endo product exo product

VII. Lewis Acid-Catalyzed Diels—Alder Reactions:

Lewis acids such as ZnCl, SnCls, AICls, derivatives of AlCl3, Me>AICl, and Et2AICI act as effective catalysts to accelerate
the rates of Diels—Alder reactions by increasing the electron-withdrawing capacity of the dienophiles via the

formation of Lewis acid complex.

For example, the reaction of 2-methyl-1,3-butadiene with methyl acrylate takes place at room temperature and in

the shorter time (3hrs) in the presence of AICls compared to uncatalyzed reaction, which occurs on heating at 120 °C

for 6 h.
120°C Me
6 hrs \©\
Me 7= | COzMe | ® ©
+ — 70% O -AICI,
™ CO,Me -

M MeO

o e

L 20°C Lewis acid complex

3hrs,AlCI; of the dienophile
CO2Me

95%

VIIl. The Retro Diels—Alder Reaction:

Diels—Alder reactions are reversible, and many adducts dissociate into their components on heating.More interesting
arereactions in which the original adduct is modified chemically and subsequently dissociated to yield a new diene or

dienophile.

CO,Et
CO,Et

N H,/Pd e
~ O + 1 ’ A, COEt 277 CO,Et = + C.H
~ 7 / rY) — 2

CO,Et
CO,Et 2
2 CO,Et CO,Et

o) H @ H )
Do L= — o[ p
= = :

o] H o H o)

IFAS Publications www.ifasonline.com

O O

@)




Pericyclic Reactions 23

IX. Heterodienophiles:

Dienes and dienophiles with a heteroatom such as N, O, or S in their 1t systems are known as heterodienes and

heterodienophiles, and their cycloaddition reactions are called the hetero-Diels—Alder reactions.

The Diels—Alder reaction is by no means restricted to the all-carbon variant. No significant loss of reactivity is

encountered when one or both of the atoms of the dienophile multiple bond with a heteroatom.

Carbonyl groups in aldehydes and ketones add to 1,3-dienes and the reaction has been used to prepare derivatives

of 5,6-dihydropyrans.

Formaldehyde reacts only slowly but reactivity increases with reactive carbonyl compounds bearing electron-

withdrawing groups, such as glyoxylate derivatives.

OEt OEt
0 180°C
Z +# C — 0
H " H |
N
OMe
OMe o
_— . 180°C o
H O coBu — |l
N CO,Bu

X. Cycloaddition Reactions with Allyl Anions and Allyl Cations:

Several allyl cations can serve as dienophiles and allyl anions and pentadienyl cations as dienes in Diels—Alder

cycloadditions.

The possibility of analogous six m-electron cycloadditions involving allyl anions and allyl cations to give five- and

seven-membered rings respectively is predicted by the Woodward— Hoffmann rules.

[ 0
C- 3 O
+ + ) _— +
L
Me CF3CO,Ag
S
M

e
OMe OMe
Me\N/ N\ LDA \\N’ X —
| — | EEE—— N
% THF = N |
H N__—
85% trans:cis 95:5

IFAS Publications www.ifasonline.com



24 Organic Chemistry

XIl. Examples:

H

B N02
( j _150°C _ CE

“H

Ph
Me
2. ( . __PhH
“100°C
N OMe Me
o)
CN
CN
3 © Al AlCl,
CN CN

I
7 \
+

0=z
U
0
o|m
3|12
o-z
e
0

ether MeO
5 QCHZOMe . l o> 1.NaOMe
N02 2. T|C|3,NH4C| /
6. QCHZOMe v _ether |
NC Cl 25°C
Me Me SO,Ph Me
7. < . l 135°C :O Na/Hg :@
Me SO,Ph Me Me
O,
Me CO,Et SSMe Me
CO,Et CO,Et
- A C 2 _ 2
8. — 802 + H > // 7, 802
Me
e
. _
ZPPh; Br Sph. Br
9.

I - MGD PPhy DA . MeUCHR
145°C Me i RCHO Me
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Bh Ph
—~
o () 90— (R0
—
Ph Ph
OMe o] OMe OMe
o)
CHCl3, 61°C EtOH
H.c-COR  Tici(oPr! H
12_@ . c 2(OPr), _
¢ -20°C / CO,R
CH, CH,

H

13, E>+ |> DCM,0°C ; % EH

CO,Me
15 PhMe
' \ 155°C
75
16. || mé 200°C
= OSiMe; then H;0"
Me
OH - o, | _OH

17 (7 1.BuLiTHF = & 80°C
' X then H,0

N 2 A Mgsr

Me
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. 0-SiPh,
O-siPh, /%%

0 ; \\/

= 160°C “ HCI,MeOH

18. . "7 .
X / Y COzMe
Me  CO,Me Me
OBn OBn OBn OBn

190 HCHO(aq.), A N + 7
H,N | _N N N
0 y O
PhS PhS
20. ) - <+ | 00— Ho
MeO MeO
(@] (o]

(=}

OH 0]
OH
21. B _PhH
On reflux
OH
o) H* o))
22. éf + J\ _heat _ O COzMe
0 Me” “CO,Me Cone
o)
O_ iLDA, CF;SO.CI
23. |
ii. LiCIO, , Et,0, EtzN
SiMe3
HO_ |._SPh T,0 SPh
CH,Cl,
24. / 2,6-lutidine
XN

= | — @
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