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PeaKuUinHa 30aTHICTb AiEHOdINIB

Table 10.1. Relative Reactivity toward Cyclopentadiene in the

Diels-Alder Reaction

Dienophile Relative rate®
Tetracyanoethene 43,000,000
1.1-Dicyanoethene 450,000
Maleic anhydride 56,000
p-Benzoquinone 9.000
Z-1.2-Dicyanoethene 91
E-1.2-Dicyanoethene 81
Dimethyl fumarate 74
Dimethyl maleate 0.6
Methyl acrylate 1.2
Cyanoethene 1.0




PeaKuiHa 30aTHICTb 3amilleHMX byTagieHiB

Table 10.2. Relative Reactivity of Some Substituted Butadienes in the Diels-
Alder Reaction®

Diene Dienophile

Substituents Tetracyanoethene Maleic anhydride
None 1
I-Methyl 103 ;
2-Methyl 45 2.3
| 4-Dimethyl 1.660
1-Phenyl 385 1.65
2-Phenyl 191 8.8
I-Methoxy 50,900 124
2-Methoxy 1,750
I 4-Dimethoxy 49.800

Cyclopentadiene 2,100,000 1,350
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diene dienophile diene  dienophile diene dienophile

ll. Normal electron demand; diene lll. Inverse electron demand;
HOMO and dienophile LUMO diene LUMO and dienophile
interactions are dominant HOMO are dominant

|. Unperturbed system
Both HOMO - LUMO interactions

are comparable, but weak
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Scheme 10.3. Regioselectivity of the Diels-Alder Reaction
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TeopeTuyHi acnekTu peakuii A-A

RThk=const+ A, + AB) +(Cy+ ) o 88_88

Rgp / Raty
HJuenodun ¢, b
2
AE; = (C,C,*AB, +C,C, *AB ) (25.5) CCo*¥=C,Cp*
G
1 Ca*Cb = Ca’*Cb’
Gy = (Oueprus B3MO auena) - (sueprus HCMO guenodrma) 1 AP = ABa
— (Ca * CbAIBQ'b + Ca' * cb'Aﬁa'b')z

AE;= e AE +AE, =2+ 4
l L G

G, = (sueprug B3MO guenodmuma)- (saeprags HCMO muena)

C-3aMiCHUKM, WO NpoABAAoTb AK +M-, Tak i —M —edeKT
(CeHs, -CH=CH2)

X- 3aMiCHUMKMN, Wwo npoasnatoTb +M-edpekTt (CH3, OR, NR2)
Z- 3aMiCHUKMU, Wo npoasaatoTb -M-edpekt (CHO, CN, COOR)

E B3MO etuneHa -10.5 eB, EHBMO + 1.5 eB.
E B3AMO 6yTaaieHa -9.1 eB, E HBMO + 1.0eB.



Po3paxoBaHi eHeprii MonekynapHux opbitaneu
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Unsubstituted system Substituted Dienophiles 1-Substituted Dienes 2-Substituted Dienes

HOMO — LUMOC gap narrows
as the substituent effect increases

unsubstituted unsubstituted

dienophile EWG ERG _diene
increasing increasing
electrophilicity nucleophilicity




B3aemoaia He3amilWeHOro eTuneHy i bytagieHa. B3aemoga,is
NOHOpP3aMilLeHUX eTUNEHIB | byTadieHa

HeMO CH,=CH,; (+1.3)
CH,=CH, (+1,0) HCMO

CH,=CH; (-9,1) B3MO
B3MO CH,=CH, (-10,3)

G, =-10,83B; G;=-11,53B

HCMO CH,=CH-x (+3)
1
CH,=CH-CH=CH, (+1) HCMO

CH,=CH-CH=CH, (-9,1) B3MO
B3MO CH,=CH-x (-8)

G;=-12,13B; G,=-95B



B3aemogia akuentop3amillleHUX eTuneHis i bytagieHa. Bsaemogia
3aMillleHnX byTaaieHiB
HCMO CHy=CH-z (~0)

Gy
CH,=CH-CH—CH, (+1) HCMO

CH,=CH-CH=CH, (-9,1) B3MO
B3MO CH,=CH-z (-10,9)

G,=-9,13B; G,=-11,93B

HCMO CHy=CH,; (+1,3)
CH=CH-CH=CH-x (+2,5) HCMO

CH,=CH-CH=CH-x (-8,5) p3mo
B3MO CH,=CH, (-10,5)

Gy =-103B; G;=-133B



B3aemopaisa 3amilleHnx bytaaieHa i eTmaeHa

HCMO CH,=CH,; (+1.,5)
CH,=CH-CH=CH-z (-0.5) HCMO

CH,=CH-CH=CH-z (-9,5) B3MO
B3MO CH,=CH, (-10,5)

Gy =-115B; G;=-105B

HCMO CH,=CH-x (+3)
CH,=CH-CH=CH-z (-0,5) HCMO

CH,=CH-CH=CH-z (-9.5) B3MO
B3MO CH,=CH-x (-8)

G, =-12,55B; G;=-7,55B

HCMO CH;=CH-z (~0) G
1

CHy=CH-CH=CH-x (+2,5) HCMO

CH,=CH-CH=CH-x (-8,5) B3MO
B3MO CH,=CH-z (-10,9)

G, =-8,55B; G;=-1345B



Brnane 3amicHUKIB Ha opbiTasibHi KOePiLieTU rPaHNUYHUX
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fOien (O)+ pieHodin (A)  LieH (A)+ aieHodin (A)
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PeTpoaieHOBUM CUHTES
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PeTpoaieHOBUIK CMHTES

EtO,C,
OOO +  EtO,C—N=N—CO,Et

N=p-CO2Et

HN-NH
— — o o]

N RO,C—=——CO,R

= =




CTtepeocenekTnBHICTb peTpopeakuin A-A
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