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26 Photochemistry and Pericyclic Reactions

©
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G{“Cv H G] CHD motion H CH,4

In case of photo cyclisation, the excited HOMO is y,* which has 7 symmetry. Thus
disrotatory motion is required for sigma bond formation.

©

hv H“(f/\(l:H3

disrotatory = | l
motion H

3. Electrocyclic ring-closure reaction given by 1,3,5,7-octatetraene. 1,3,5,7-
octatetraene and its derivatives contain 47t conjugated electrons.

Consider the electrocyelic rin g-closure of (2%, 4Z, 6 Z, 8 £)-2,4,6,8-decatetraene in thermal
and photochemical conditions.

Thermal induced cyclisation. The tetraene is a 47 polyene. Its grour.ld §tate HOMO
is y, which has ¢, symmetry. Therefore, conrotatory motion is the mode of cyclisation.

A ~
conrotatory -
motion
G ) O )
H CH,

trans-1,8-dimethyl-1,3,5-cyclotriene
Photo-Induced cyclisation. In case of photo-induced cyclisation the excited state
HOMO is y.* which has 7-symmetry. Thus disrotatory motion is the mode of cyclisation.

disrotatory ~

/\ ¥\ motion

@30\/}1 H\/‘CHD

hv

G b O
H H
czs-1,8-dimethyl-1,3,5-cyclooctatriene
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Electrocyclic Reactions 27

242 Electrocyclic Ring

e . -Opening in which polyene has 4n & electrons

. on/:erswn of cyclobutene to butadiene
. Thermal-Ind i i ;

the product is determ?nc::t‘;1 ‘:’ntgthemng. ': N t};'e e pround o peeuons stereochemistry of

partner. The symmetry of the ground state HOMO of the open-chain

o ground state HOMO of the butadiene a i

nd its derivative will be Y, which has C,

motion ‘ 6

C,symmetry
- I hlis if th'e.open~chain polyene has 4. 1t electrons then the process is always conrotators
In thermal condition whether the reaction is ring-closure or ring opening. ‘

Let us take the stereochemistry of the ring opening of ¢rans-

There is possibility of two modes of conrotatory motion.

. 11,0 i
" Qb ~aey® J

3, 4-dimethylcyclobutene.

motion
\H 2 @ H,C Q H H A CH,
counter clockwise counter clockwise Cy-symmetry
(2E, 4E)-2,4-hexadiene
(major product)

00— 1N

w (= 4% ) — y J

H e CH A
I oH,, Sl Sk
clockwise clockwise (2Z, 4Z)-2 A-hexadiene
motion motion (minor product)

Thus the thermal process is conrotatory with two products possible in the above case.
The conrotation in the second case (clockwise rotation) leads to severe steric interactions between
two methyl groups. This interaction is avoided in the first process (rotation is counter clockwise)
in which two methyl groups move away from each other, and this is the favoured process.

B. Photo-Induced Ring Opening. The photo state HOMO of the open chain butadiene
and its derivative will be y,* which has /. symmetry. Thus the cyclobutene ring must be open
in such a fashion that the ¢ bond orbitals transform into the excited state HOMO of the product
having m symmetry. To get /7 symmetry in excited state HOMO of the product, motion should

be disrotatory in the ring opening of the reaction. There is also possibility of two modes of
disrotatory motion.
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28 Photochemistry and Pericyclic Reactions
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motion .
CH, 5" 1 excited state HOMQ
m-symmetry

(2E, 42)-2 4-hexadiene

counter clockwise
sclockwise

TN N

H,C H
(@ e><:Ac>o ”" y y

_— .
disrotatory H 6 CH, H 6 CH,
H CH. motion
b\/ A (2Z, 4E)-2,4-hexadiene
clockwise counter
clockwise

Thus photo-induced

process is disrotatory with either possible disrotation giving same
product.

Let us take the conversion of czs-3,4-dimethylcyclobutene into 2,4-hexadiene.
Thermal ring-opening

@
(2) ( Qo ‘A—a
conrotatory H,C”(_\™H H,C H
\1_‘1) \Hj motion
(2E, 4Z)-2,4-hexadiene
counter counter
clockwise clockwise Cz-symmctry
Cy-symmetry
onY ° G
A
W (= Qo —
N H conrotgtory H 6 CH3 H A CH3
5\_/ motion
\/ (2Z, 4E)-2,4-hexadiene
clockwise clockwise

Cy-symmetry

Photo-Induced ring opening

hv v 9
) —_
dxsrotgtory H,C A H H é CH,
motion
% s .
counter clockwise V3 ; m-symmetry
clockwise

(2E, 4E)-2 4-hexadiene
(major product)
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Electrocyclic Reactions 29
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Clonckon e (27, 47)-2,4-hexadiene
l (minor product)
noenie of o A-dimethyleye
' 3, hyleyelabhutene, the thermal Process is e i i
" ' A h ¢, Lhe 4 ‘55 18 conrotatory wit
pounsihle conrotiatiogy ving the sume product, The disr b either

' hotochemie: 655 18 disrots i
(W0 possiblo products photochemical process is disrotatory with
24.3  Cyclisation of (4n 4 2) n Systems
1. Electre i . s rescti i i

‘ trocyclic ring-closure reaction given by 1,3,6-hexatriene
1LA5-Hexatriene is the most, o

- smmon example of the polyene having (42 + 2 conjugated
clectrons.

Aor
— >
hv
1,4, 5 - hexatrienc 1,4-cyclohexadiene

A. Thermal-Induced cyclisation. y, is the ground state HOMO of 1,3,5-hexatriene
which haw m-symmetry. Therefore, the thermal cyclisation proceeds by disrotatory motion.

disrotatory
motion

(=> ﬂl’ )

symmetry-allowed
Yoy ;{ruund pLate ”()MU (m-symmetry)

m-symmetry

isati ¢ 3 "1, 3, 5-hexatriene is promoted by
B. Photo-Induced cyclisation. Wlhen an e]cu.ctron .oi 1, 3,
photon ,ubsurption, y,* becomes the HOMO. This excited state HOMO has C, symmetry.
Therefore, photo-induced cyclisation proceeds by conrotatory motion.

conrotatory
motion

’ro

symmetry-a“owed
(C,-symmetry)

v, excited HOMO
(C,symmetry)
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30  Photochemistry and perioycic R8> al and photo-induced closure of (2Z, 42, -
e therm ‘ 3

i al induced cyclisation, t]

i hemis
Consider the SEE#0¢ clohexadieneé: therm il )
2,4 6-octatrieneto5,6-d1methyl-113'c3f In the case of the otatory motion is required fo
3 rmal-Induced cyclisation. I e . Thus disr ‘
dAét:‘:leeHOMo is v, which has 72 Sy Th |
un :
sigma bond formation.
>
H
H
CH c-7\>NH(H CHD |
3 = C \/‘ cis-5,6-dimethy]-1,3-cyclohexad1ene
v, ground state HOMO
S+ d cyclisation, the excited s tat
In case of photo-lnduce cy . -

tatory motion is re

B. Photo-Induced cyclisation. Gives GABES

HOMO is y,* which has C, symmetry. There

bond formation.
conrotatoryA
motion g
CTFe e
Cﬂgc H (B CH?D o CH,

trans-5,6-dimethyl-1,3-cyclohexadiene

2. Electrocyclic ring-closure reaction given by allyl carbocation
Allyl carbocation contains (47 + 2)r conjugated electrons.

®
CH
G g &
CH, CH, hv

A ! AR
e Whic'i‘hgsmal Induced cyclisation. HOMO of the allyl carbocation in the ground state
5 m symmetry. Therefore, disrotatory motion is the mode of cyclisation iz th
e

thermal condition.
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