24.6 The Diels—Alder Reaction

Conjugated diene¥} alkene =2 alkyne FE=AE 71t 2 719 oA whe-
AlZ W cycloaddition (ALg]stH7H7F dojyt i8] $§ES A= v
O (0] (0]
Z heat r’/\\l
+ —_— . . —_—

\ | L\ ’I
1,3-Butadiene 3-Buten-2-one Diels-Alder adduct

(diene) (dienophile)

[4+ 2] cycloaddition
2n+ 11— 20+ n (exothermic reaction)
6—-membered cyclic transition state

Stereospecific, Highly regioselective

A. The Diene must be able to assume s—cis Conformation

s—cis conformation® diene2 Diels—Alder Y52 do 7|+ ¥bH s-frans

conformation® diene& Diels-Alder ¥H&& o 7% L3}

AN 7
1,3-Butadiene : -— Energy barrier = 2.8 kcal/mol
x AN

s-trans S-Cis
more stable less stable

_ HaC” Y ~ @ cHs
2,4-Hexadiene : - CH3 717} U 7}7ke] $1 X 3
- CHs XM a1z Fojst 3T 28] o

s-trans s-cis % . Diels-Alder §F-§ o] o] 1} 7]
1 o
more stable less stable R

of| A 24.6 :

A 24.6 :
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B. The Effect of Substituents on Rate

L0 = — 0O

X

X=electron donating group [CHj, Et, CH(CHs3)s, OR], Y=electron withdrawing
(CHO, C=0, COOH, COOR, NO,, C=N)¥ uwj w210 =7}

0 o)
( . ” 200 °C @ i . ﬁ‘\ 140 °C Q)J\
\ pressure \

P oh

Table 24.2 :

C. Diels—Alder Reactions can be used to form Bicyclic Systems
Cyclic diene< dienophile® Diels—Alder ¥H2A]7]® bicyclic FEje] ABAIE o]
A o] A dienophile?] electron withdrawing X &7]& F& endod] ¢ X3}

COOCH; H
@ OCH; heat —
+ | —_— B
COOCH;

D. The Configuration of the Dienophile is Retained
Diels—-Alder W22 dienophile oA+ 2+#13] stereospecific (YA Eo]4) 3}A
doj o},

COOCH; COOCH;
( [ heat C( Dimethyl cis-4-cyclohexene-1,2-dicarboxylate
COOCH, COOCH;
\COOCH3;

H3COO0C heat -~
( \L @\ Dimethyl trans-4-cyclohexene-1,2-dicarboxylate
COOCH3 COOCH3
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E. The Configuration at the Diene is Retained
Diels—Alder HF$-& diene ZoA % 2+#3] stereospecific (YA E0]4]) &}A
dojy | diene?l 13 4-¢xo A= XSV EL AE wjgko] BEHT}

CHg

o CH3 0 T H 0
= heat
0 + o —>» 0]
-3
H (6]
0 © CHs

F. Mechanism of Diels—Alder Reaction
Diels-Alder ¥F$9] cycloadditions oY A9 EFol we th=A Loy

CH3

[i+j] Cycloaddition :

i+j=4n (n =1, 2 ) = electron¥ 7-%-°l+ photo energy 3ol AT wkE-o]
J ol
i+j = (4n+2) n electron¥d 7-$-°l+= thermal energy 3d}ollA gt Wh-go] Uojyt

e.g. [2+2] : photochemically allowed [4+2] : thermally allowed

1) [2+ 2] Cycloaddition
Cycloadditione gt #2}9] HOMOZH-H t}& Fxlo] LUMOZ n AA7} 5 A

o5 ato] ol

i) Thermal energyd}ell A 9] cycloaddition

Ethylene in the ground state

ET Luvo ;83_8
Howo _H

antibonding, symmetry-forbidden

heat
)bonding — > No reaction

ii) Photo energy 3&}ol A9 cycloaddition
Ethylene®| photo energy (ultraviolet) & ZojFH AX Ex}o] ¢ HAA}7}
%2 B¥E 1% promotion®, w7} HOMO=

Lo _8_8 h HLHOMO
T H - I

HOMO  ——
Ethylene in the ground state Ethylene in the excited state
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Excited state®] HOMO (m,")9} ground state2] LUMO (wy") Abo]el A
cycloaddition®] Yo%

Excited state HOMO H

D —

Ground state LUMO

bonding bonding Symmetry allowed

2) [4+ 2] Cycloaddition

Cycloaddition of 1,3-butadiene and ethylene - Thermally allowed reaction,
No reaction with photo energy

1,3-Butadiene® HOMO (my) 9} ethylene® LUMO (my") AFe]ell A cycloaddition

o] ol

HOMO of 1,3-butadiene ,34\ heat @
_— E——

bonding
C

LUMO of ethylene

bonding Symmetry allowed

24.6 Electrocyclic Reactions

Conjugated double bondZ 7}# 3}¢E0] cyclic transition stateE x4 a1g]
ket ES A sk Hbg.

| N heat 77N
—_— 1 H E—
G or hv Koo ?

3t = 21 + 0, = electron®®] concerted movement.
6-Membered cyclic transition stateE A XA ringe AA.
Isomerization &4},
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A. Cyclization of 4n Systems

MEZE o 23S dA3lE p orbitald] 2o

conrotatory g @ disrotatory
—_—
}"\V> bonding ’,\V)

out of phase in phase

Conrotatory motion : & 7He] C-C o bond”7} A|AH&ko]= wh

agle] wE ge BHoE A3
- 71 C-C o bond7} AlAIW 3ol = W
DAIGo] 5 vk Hsko 2 3 A

Disrotatory motion :

B FElectrocyclization of 1,3—butadiene
1,3-Butadiene® HOMO orbitalS ©]-83}+ electrocyclization
1) Thermal energy 3}ol]A 9] wkg

dlsrotatory conrotatory
heat heat

Symmetry—forbldden HOMO of 1,3-butadiene Symmetry—allowed
1,3-Butadiene thermal energy 3}ellA W3} p orbital® conrotatory 33
o] doji} cyclobuteneo] A H.

2) Photo energy 3}l A ¢ wr&

disrotatory conrotatory
B S —_—
hv hv

Symmetry-allowed HOMO of 1,3-butadiene Symmetry-forbidden

1,3-Butadiene< photo energy 3}oll A W3

23} p orbital® disrotatory 33 9]
2 oju} cyclobutene©o] A H.
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B. Stereochemistry of 4n Electrocyclization

Electrocyclization - Stereospecific
Y| o] thermal

energy =< photo energy?l7}el o]&3h.
Electrocyclization of (2E,4Z)-hexadiene :
H \ CH3 CH3
heat \ hv
S —_—
conrotatory H disrotatory
CHj CHgj H
CHg H CH3
cis (2E,4Z)-Hexadiene trans
C. Cyclization of (4n+2) Systems
HOMO orbital= ©]-83F cyclization
B Electrocyclization of 1,3,5—hexatriene
1) Thermal energy 3tolA 2] k3
HOMO orbital of 1,3,5—hexatriene : m3 orbital
heat >
disrotatory
HOMO of 1,3,5-hexatriene
2) Photo energy 3}ol A9 wh&
HOMO orbital of 1,3,5-hexatriene : my" orbital
hv 5
conrotatory
HOMO of 1,3,5-hexatriene
Types of electrocyclic reactions
Number of electron Reaction Motion
4n thermal conrotatory
4n photochemical disrotatory
4n+2 thermal disrotatory
4n+2 photochemical conrotatory
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24.7 Pericyclic Reactions

Pericyclic reaction : Thermal =< photo energy (Uv) 3}olA] electron (w, o)
9] HA] (concerted) ©]&ol 2]ste] cyclic transition
stateE 7 A A thE isomerE QA= WS-

A. The Claisen Rearrangement

Allyl phenyl etherZ 7}¥93st w] 6-membered cyclic transition stateZ 7 %A
o-allyl phenol& A4 s+ HH&

O/W O,/ﬁ 0N keto-enol OH
200 ~ 250 °C S tautomerization -~ ©/\/
H

Allyl phenyl Cyclohexadienone 2-Allylphenol
ether

Ist step : Thermal energy®l] 23}e] =%} o electron® A o] 5o =
6-membered cyclic transition2 #* cyclohexadienone?] 4.

2nd step : Keto—enol tautomerization®] ¢]3}e] cyclohexadieneone©]
2-allylphenol® 7 3+%¥. Resonance energy?| 3|34

of| Al 24.8 :

B. The Cope Rearrangement

1,56-Diene +EAE 7F2% wf 6-membered cyclic transition stateg A4
o] A3std 1,5-diene FEAZS WA= WHS

\ heat N 7
—_— | | —_—
= e N

3,3-Dimethyl- 6-Methy|-1 ,5-
1,5-hexadiene heptadiene

Thermal energyell 2J3}e] n9} o electron® &A] ¢l &2 % 6-membered cyclic
transitione 7 * isomerized 6-methyl-1,5-heptadiene®] Al E.

of| Al 24.9 :



102

Problems
24.12 : Heck reaction

24.13 : Reaction product of cyclohexene and iodobenzene with Pd(OAc)s/
2 PhsP/EtsN

O ©/I Pd(OAc), / 2 PhsP ©/Ph . Ph
+
Et;N
not

3-phenylcyclohexene

24.26 : Reaction product of cyclopentadiene and ethylene

200 °C o
@ + CHy=CH, CHy — - C7H1002
II)(CH3)28

24.30 : Intramolecular Diels—Alder reaction

1 o°C
W ——  Diels-Alder adduct
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24.37 . Synthesis of bicyclo-2,5-heptadiene from cyclopentadiene and vinyl

chloride

heat C2H5ONa
O+ om—ona M= g O

Cl bicyclo-2,5-heptadiene

24.41 : Mechanism of Claisen rearrangement

N f P heat

24.42 : Mechanism of Cope rearrangement

Ho ™ OCH; o °

heat
| - OCH; ——~ OCHj
Pz =

H H



