
c-C< (---cc(C)s” - (6,;&-*--c( I- -c<

Pijbth
rlA e- (n-z)n+zoe-

m  = 4, n =  6 /0\
m  = 2,n  =  4

/

c\ = II

rn=l,n=Z \
@‘,
> -D1’ - 0
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h.Kll5%'Fl5ld electrocyclic reactions \Uulk&JOJ  conservation of orbital symmetry

~510~~~'w~~~1&~~~015~1~~~B~O~1~  do  Frontier orbital approach IKE  Orbital

correlation diagrams WflfMlfl  2 ~&!u”s%%U  7 1$U State correlation diagrams 1161)O~

IKmil?iiJ  2 iih5n
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+ r*+
Fe-w+ -
I.++ $2

disrotatory
b

+

+

+

(I*

YS hv -+- 9..

i-

Butadiene

It-  p’

first excited state

v:ww
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ws ws

--I-  lb + w3

-H- lP= -it w

ground state first excited state

w:ll&: dY:I3w4

I, 3, S-Hexatriene

~Wl~fkWl%lw’uli~  a T&l  bonding 7m”  TlS&l~~~Ul~lJll  conrotatory &J&l  fll5

isomerization Y0J  1, 3, 5-hexatriene !l.kflU  1 ,  3-cyclohexadierie  klUfll5%#WfWZli%l

fl1~~l.pWl.l  conrotatory
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(fl) cis, cisl,  3, 5, 7-Octatetraene

cI - II-

(91) 2-Propenyl cation &fll?Xl5~d
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(?I)  2-Propenyl anion i%iilTW.l~~~

Conrotatory
(thermal)
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(4) 2,4-Pentadienyl  cation hlJ3l?d5fd

(0)  2, 4-Pentadienyl anion &ifll?Xhl~
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System No. of Thermal

n-electrons reaction

Photochemical

reaction

Cd-6 2 disrotatory conrotatory

c=c-c 4 cqnrotatory disrotatory

c = c - c = c 4 conrotatory disrotatory

ccc-ccc-6 4 conrotatory k; disrotatory

c=c-c-c-c 6 disrotatory conrotatory

c = c-c  = c-c  = c 6 disrotatory conrotatory

c=c-ccc-c=c-6 6 disrotatory conrotatory
c=c-c=c-c=c-c i conrotatory disrotatory ’

c = c-c  = c-c  = c - c  = c 8 conrotatory disrotatory

4n conrotatory disrotatory

(n = 1,2,3,...)

4n+2 disrotatory conrotatory

(n = 0,1,2,3  ,...)
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l 3.4-Dimethylcyclobutene

H hv

CHJ

CHs

+

e

+

(I H’

H
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%&&l disrotation 9164 tram, trans-2,  4-hexadiene !dL%J cis -3, 4-dimethylcyclobutene

CHI

c

H
g

/H hv
>

\H,

CHJ H

d /
l

Q

�-X

�(CW
\

disrotatory
CHJ

hv
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conrotatory

J vH

H
H

H
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II* antisymmetric (A) symmetric (S)

n symmetric (S) antisymmetric (A)

dlM%J  1,3-butadiene 6l.J  &Xls”%ki~IJ!~fj~  II  IdU v,,  tyz 1~s M’E  I+J~ $iJdl?

lJlLL&bIL?QJ frontier orbital approach tL~O=J7U7LJUUY~~“FI~JM~Q  ~VI~lZXlZdl~~~

ISU~~~isu'ljlmun~:l~~~~Q~~
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atomic orbital representation
(wth  signs of the

wavefunction  shown)

Rotawan  through 180” about C2
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..;

m c2

w4 A S

ws S A

v 2 A S

w S A

Y ‘.
Hn~~ijndl~ui~eiualUl5On5l?r~~~~  dlW8J  linear  conjugated n-system  h

wave  function qh CZxi (n-l)  npdes h&i (n-l)  SfhSU  0 Vl!Ml~WlJblU?Ufi  (ev n
t .

integer)  w,r  WSU  symmefric  lihiUlJfh m ItiXlih  antisymmetric  lhlhJfkl  c2  IlJq

&hLln”ll  m I&X&l
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WI.  ” - 1 = 0, even

by..  n-l = odd

+ +

8 8

----- --__

%,n-1  = 0,even.  S A

wk.  n - 1 = odd A S

CH 423



l- ----._ _I ---_‘- _ -7 ‘mi.

- - -
,c-  -_

I -
*+

+ f

M-
- -,’

I -
0

I‘ Cl

I I
L - - - --s_ t

--J

C.

+

I
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m

atomic orbital

representation

m14ii  6.5

m c2

0’ A A

0 s s

IIlfI  element of symmetry ihVW~ll%iEllJ~

symmetric &I antisymmetric

(a) +.‘._. ++ ... ..,.  _

P

L..,+ Y,, . . kc,
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ps  ¶I04  I,3-butadiny

(I VOJ  cyclobutene

w,  VOJ  z-propenyl  system
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lys WI4  2,4-pentadienyl  system

(a) antisymmetric

(b)  symmetric

(c) symmetric

(d)  antisymmetric

(e) symmetric

(f) antisymmetric
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Y&P,:  +
g r o u n d

state

w:v)lv3 +
first excited

state

O’lll7’ +

first excited

state

Correlation

0%’

ground

state

on20*

upper excited

state

Y)lV):W4
upper excited

state

Conclusion

Thermal conrotatory process in eiher direction is allowed

Photochemical conrotatory closure of butadiene to

cyclobutene is forbidden

Photochemical conrotatory opening of cyclobutene to

butadiene is forbidden
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Correlation Conclusion

ru:wu:  +

ground

state

02112 -e

ground

state

Y):w2v)2  +

first excited
state

02ie2
upper excited

state

A4
upper excited

state

02nn*
first excited
state

Disrotatory thermal conversion of butadiene to cyclo-

butene is forbidden

Dkrotatory  thermal conversion of cyclobutene to butadiene

is forbidden

Disrotatory photochemical  conversion in either direction

is allowed

1) I]@?Ul  ring-opening VQJ cis -3, 4-dimethylcyclobutene hJfll5~IhlllJ

s”ou  OCIB cis,  tram  -2,4-hexadiene
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CHs

H

conrotatory
-1w

Cl+

/H

t

(CiS.  rnnr)
\ ,CH3

B

8114  tram  -3, 4-dimethylcyclobutene iiJ66~~16rlal1115onuU66~ll  conrotatory

~~26llJlJ  66Pinl~n~~~~?ls~~~~~~6~U cis,  cis -2, Chexadiene  I%J  steric interaction

(5ZH?119  CH3 $9  2 Ilj) ~6fiW&lkJ  transition state IUI.@~Ul  (b) khJlfWh  steric

interaction (33??'14  H i:, 2 %I$ IU transition state kJd@3Ul  (a) W&Jo’~6&l¶.@r‘Ul

(a) 1; tram-trans-2,4-hexadiene

CHs CHa

conrotatory

-179
. . . . . . . ...(a)

CH 423

. . . . . . . ...(b)
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2) iTI5  (15) W&l  isomerization IMJl&l?lIJ~OU  16 cis-trans-1,2,3,4-tetr-

amethyl-1,3-cyclodecadiene

CHs

3) cis,  cis-1, 3-cyclooctadiene lt%l@%Ulhhlfd 0Z%bicyclo  [4.2.0]oct-7

-ene 34s  stereochemistry ‘S?qd

/0\
hv H

l

disrotatory

i

/0 hv

\ -isometition
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. ,
1. WHI HQMO WS=lJlJsl’S!&~U  (fl) flWJ=~5il?1  IlW (U)  i%VXd%d~

(1) 1,3,Sheptatriene

(2) 2-propenyl radical

( 3 )  1,3-octadiene

(4) cyclopentadienyl cation

2. d@%Ul electrocyclic opening U6J  cis-7,  8-dimethoxycycloocta-i,  3,Striene  WlgU

open-chain octatetraene

’ ‘Cm-lC\ ,CHCH:

, ”
(2) Ojk?  frontier orbital method Th.IlU?Il  t'fl5Wh%U~  octatetraene h%lhIlfl

L@%Ul (f~)  k1Ufll5h%1?ll.lhJ  LLAI  (U) ‘IAUf115%kf  J OZd stereochemistry

tduodld5

3. Ihh cis,  c~~cycloocta-I,  3-diene (A) Ul~lL&%Ulf?ll  phenyl  potassium Lli7~91lU

&Xlfl5~  OZ~n’rrlSW%W%&&.J  bicycle (3.3.01 act-2-ene  (B, !l.?k$li;rtifi~ stereoche-

mistry 797 &~U@KlUl~5fll~F1~~U  cycloocta-2, 4-dienyl anion 9~l~UUfKlhUO~fYl5

~d&lUdtld  ~lZEffl5W&lfifU~~~~  (%I B) O~~stereochemistryl~U0dlJ~f

/0 1) GHJ<+ .\ 2) H+
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(0

(2)

0 A
1-1 =
-

H
, CI

C D -\
H

H
/
CD\

H

disrotatory
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