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WOODWARD-FISHER RULES FOR
CALCULATING ABSORPTION
MAXIMUM IN DIENES



CNAELIEWBSR Conjugated dienes and Trienes.

Solvent—Ethanol!
Transition involved—im — ¥

Parent value for Butadiene system or a cyclic conjugated diene
Acyclic Triene

Homoannular conjugated diene
Heteroannular conjugated diene
Increment for each substituent
Alkyl substituent or ring residue
Exocyclic double bond

Double bond extending conjugation
Auxochrome

—OR

217 mu
245 mp
253 mp
215 mp

S mp
S mp
30 mp

+ 6 mp

+ 30 mp
+ 5 mp

+ 60 mu
0 mp



' (d) Exocyclic and Endocyclic conjugated double bonds : Exocyclic double bong :
double bond, part of the conjugated system, formed by any carbon atom of any ring byt prels 4
outside the ring. Endocyclic double bond is present inside the ring. Such double bongs are shzem

Wn

in the following examples :

(Exocylic double bond (Contain two exocyclic,
toring A) double bonds)

(Exo) (Endo)



Some examples illustrating the above rules are as follows :

of
2LVIIN-RR Calculate the absorption maximum in the ultra-violet spectriim

2, 4- Hexadiene.

SOLUTION. The basic unit in 2, 4. hexadiene is butadiene. There are two alkyl substituents
(one on each double bond) on it. Thus,

(CH,—CH=CH—CH=CH—CH,)

Basic value = 217 mp
2-alkyl substituents (2 x 5) = 10 mp
Calculated value = 227 mp

The observed value® is also found to be 227 mp.



NN M Calculate the absorption maximum in the UV spectrum of

It is a butadiene system. There are two alkyl substituents and two ring residues

= j: — CH=CH— CH,

CH,

on the double bonds. Moreover, there is an exo-cyclic double bond.

The value of absorption maximum is calculated as follows :

Basic value

2-alkyl substituents (2 x 5)
2-Ring residues (2 X 5)
1-Exocyclic double bond
Calculated value

217 mp

10 mp

10 mp

5 mp
242 mp

The observed value is also found to be 242 my.



DOCVULNSKR Calculate A, . for

It is an example of heteroannular diene and there are four ring residues on the

double bonds. Thus,

Basic value = 215 mp
Four Ring residues (4 x 5) = 20 mp
= 235 mp

Calculated value
The observed value is also found to be 234 my,.



SANININ  Calculate the absorption maximum for the compound

L._\

in ethanol.

SOLUTION. It is an_example of homoannular conjugated_ d::ene and there are three ring
residues on it. Moreover, it contains an exocyclic double bond in it. Thus,

Basic value = 253 mpu
3-Ring residues (3 x 5) = 15 mu
1-exocyclic double bond =  Smyu
Calculated value = m

Observed value 274 mp



SDINULNN Calculate the absorption maximum for the compound

\_—\

in ethanol.

SOLUTION. It is an example of heteroannular diene and there are three ring residueg in it
Moreover, it contains one exocyclic double bond in it. Thus,

Basic value = 215 mp
3-Ring residues = 15 mp
1-exocyclic double bond = Smp
Calculated value = 235 mp

The observed value of absorption maximum in the ultra-violet spectrum of this compoung is
also found to be 235 mp.



DAL ENN Calculate the value of absorption maximum for the compound

R

X2

SOLUTION. It is a homodiene g
exocyclic bond and also two doyp)

Basic value

2-double bonds extending conjugation
5-Ring residues

1-Exocyclic double bond

Calculated value

Observed value

2 % 30

5 x5 =

|

233
60
23

5

0
ystem. The_re are five ring residues on the double bt
e bonds which extend conjugation.

343
345

né



DENULSYA Calculate A, for the compound.

SOLUTION. It is a homoannular conjugated diene system. It contains four ring residues; two
exocyclic double bonds and one double bond which extend conjugation. Thus, A, for this compound
is calculated as:

Basic value = 253 mp
4-Ring residues (4 x5)= 20 mp
2-exocyclic double bonds (2%x5)= 10 mu
1-double bond extending conjugation = 30 mp
Calculated value = 313 mp

Observed value = 312 mp



POLY-enes and POLY-ynes

Note. If a conjugated polyene contains more than four double bonds, then Fieser-Kuhn rules
are used. According to this approach, both A, and €, are related to the number of conjugated

max Max

double bonds as well as other structural units by the following equations.
A =114 x5M+n(80-17m-165R
e =(L74x 10

max

where n = no. of conjugated double bonds.

10 R

endo X0

M = no. of alkyl or alkyl like substituents on the conjugated system.

R, =no.of rings with endocyclic double bonds in the conjugated system.

R = no. of rings with exocyclic double bonds. |

Lo



Consider the case of Lycopene :
i —CH, —CH; —CH; —>CHjs

H,C ~ I{/ N N o CH;4
CH; — CH; — CH; — CH,

(Lycopene) —
X . : = 11. In addition to
In this compound, only eleven double bonds are in conjugation. Thus, » —]81 ;\S o
this, there are eight substituents (methyl groups and chain I'GSIdUESl). Thu'S, M = 8. ) A can

ring system, there are neither exo nor endocyclic double bonds in this conjugated system. A ..

be calculated as under :

Mpaw = 114 + 5(8) + 11 [48.0 — 1.7(11)] - 0 — 0 = 476 nm
The observed value of lmm is found to be 476 nm (hexane)
€, (calculated) = 19.1 x 10%

Similarly, A__ can be calculated for B-carotene.

H,C e
CH, CH, CH, H;CY\
i i Tl Tl T Tk ¥ g N X
il J CH,
CH, CH, CH,

The calculated value of A, is found to be 453.3 nm and €max 191 x 10°,



CALCULATIONS OF
WAVE LENGTH '

ABSORPTIONS
IN UV-VISIBLE SPECTRA
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of the following diatomic mole
in IR region?




the following lactones in order o
carbonyl frequency and give reas
O o




~ bond angle related.

Il) bond angle will be lower than s
is less and bond strain will be more
igh Therfore stretching frequency

d gngle more compergf




hing frequency of 2,4,6 cyclo
one is low why?

/O

2,4,6-cyclo heptatrienone




loro ethylene is infrared ac why
) ethylene Ir inactive Explain.

Cl\‘C 7Cl1 H i}fl

U .
o cul & w




Candition:There will be change in dipolemoment

*- Dipolemoment is a vector quantity

™ |t is a directional properity

* In trans isomer two chlorine atoms are on opposite
sides, dipolemoment values are cancelled.Therefore
trans-1,2-Dichloroethylene IR inactive .

* In cis isomer two chlorine atoms are on the same
side,so that vector quantity is cancelled and it will be
added .There will be change in dipolemoment.

Therefore cis 1,2-Dichloroethylene IR active.
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Explanation,

Electronic effect — Absorption frequency will change,
according to substitution of neighborhood.so the
frequency shifts due to electronic effect they are
inductive effect, mesomeric effect and field effect.

The force constant and bond strength changes and its
absorption frequency shifts from the normal value.

it us compare the following compounds.,

gated

on atomis - \
NH, :Q —CH,

ile and its goes%more ; ' ¥ o
due to C=0 ii loosed .

| X ' I
p-Amino -Metho
Acetophenone Agclophen,:));'xe

Lp_q._ o C=0 1677 cm™! v C=0 1684 cm™!
wdl
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On.no-2
Rrrange the following compounds in order of their increasing
wavenumber of absorption due to C-C stretching?

m (11)




* The increasing,order ofswave number absorption is

- - - Ty . Ln,
* The exocyclic olefinic double bond shows an increasi
frequency as the size of'the ring decreases.

* Thus with the increases inring strain, C=C stretchmg equires more
energy and wave number.of absorption. | 3 -

* If bond angle less, bond=strain will be more.

-

-




On.no-3

[ . \‘
inds in order¥

O

(1) (if)




nore strain than that of bigger ring,
f e fore constant of C=0 bond increase

position is raised.

‘DRCE CONSTANTOX BOND STRENM’
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Solution, |
: -/ . '
Vibrational degree of freedom for linear folecule= =/
Vibrational degree of freedom forsen-linear molecule = 2796 | Non-Linear

Here, N = total no.of atoms in a molecuIL 3N-6

o~ " 3(3)-6=3
g —ﬁ'u}l . F - :

Linear x/ﬁ Non-Linear

a3aN-5 [ .7 3N-6
32)-5=1 3(3)-6=3




Non-Linear
3N-6
3(5) - 6 N 9

Non-Linear
-6
s

Cl Non-Linear
K s
Cl Cl 3(5) -

CHQl,

Chioroform
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