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Empirical Rules for Calculating
Uv/Vis Absorptions
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Woodward-Fieser Rules for Calculating the Amax of Conjugated Dienes and

Ly Polyenes ,o U Qe b grm LAY
- Parent: — Gsh e d-\ & ‘-“3““ P °'J‘AJ\ 5\'@
"NJ._L o 2duble Voned
o dedbhe Vony o @ Q;\/\I
w o T
9;/ /.,1«4 ‘:4 °pw\3'\\ don

o s «howmo spo 1\#\
S a1

3\{}1\\0 = ex\ending ?-\./(\NL

L""Q’A caa M on

S + 20 +2ALK2

Mo .
ey .(_Iiomoannular selgteroannular acyclic .
o0~ " 7=253 nm "o i=214 nm =217 293mE L+
SN 5N i o bl b e o V4
- Increments for: LU A psy g ek o wahic

Double bond extending conjugation +
¢ o «— Alkyl substituent or ring residue

30
lines=v Exocycllc double bond —N
q_\\a‘s\() > é exocyclic

Polar groupings:

-OC(O)CHs +0
-OR +6
-Cl, -Br +5
-NR2 +60 34

-SR +30



For more than 4 conjugated double bonds: '
Ao = 114 + 5(number of alkyl groups) + n(48.0-1.7n) —> Az_qg

J
@g &D\)\\\o\ \)U"\ A s

E le:
xample V\\U\’\\u«
Lycopene:
% \o
AL A S
® T 4 )

[ owbhe o ) @onyoestivem st = mulal

Aoy = 114+ 5(8) + 11*(48.0-1.7*11) =476 nm
Aax(Actual) = 474.
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ac\‘r)U\\e . Pufe/\bf«u_,\ dJ\ —-\&_Ls;u—g dj\ -\

Exampis 1: 9 Xcawbgk(..\w.! NI W P B AT «03})—} QQU
2 OL\\P\\Q\ b e ke Y
— U\Q\,\LQ-}\\K
Transoid: 217 nm

Alkyl groups or

ring residues: 3X9= 15 nm

Calculated: 232 nm

Observed: . < @ sl\ew\aledd o ot i < 234 Nm
mampe O\ se Ve =

Cisoid: 253 nm
Alkyl groups orring residues: 2x5= 10 nm
Calculated: 263 nm

Observed: 256 nm
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€ 1o Q\Qd&a e

) e,\ye,{au\“’\\/\\/\[\c‘tf
Transoid:

Alkyl groups or
ring residues:

Exocyclic
double bond:

Calculated:
Observed:

3xXoH=

214 nm
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Cisoid:
AlKkyl groups or
ring residues:

Exocyclic
double bond:

Calculated:
Observed:

- \\UW(‘J QLQ,L\NKQ v

4x5=
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Example 1

Calculate the A, for 1,4, dibenzodiene ﬁ %&\e oA\ o

Solution:
The structure is

Parent heterodiene = 214

Alkyl substituents (4x5 nm) = 20
Exocyclic double bond 2x5 =10

neroeuthic

A,.x =244 nm (observed 247 nm)
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Example 2

Calculate the A, for

Solution:

The compound is a homoannular diene

Base value = 253
Ring residues (5x5) = 25
Exocyclic double bond 3x5 =15

Extended C=C = 30

A, IS 323 nm

observed value is 320 nm.
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Example 3

Calculate the absorption maximum for 4 cyclohexenyl

2-pentene \ 3 2 1
Solution !*W‘“@q:— CH=CH }=CH,
L

CH, e N
Iltis a 2, 4 diene system
Base value 217
2 Alkyl substituents 2x5 10
2 Ring residues 2x5 10
1 Exocyclic bond 5
242 nm

Observed value is also 242 nm
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Example 4

Calculate the A,,,, for the compound

Solution Newro AN \un
Base value 253 nm

2 Extended double bonds (2x30) 60 nm

5 Ring residues (5x5) 25 nm

1 Exocyclic double bond (1x5) 5nm

Calculated A, ., 343 nm
Observed 345 nm
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Woodward's Rules for Conjugated
? Carbonyl Compounds
\

J
C. N
c,ur\o/.\%\g/euﬁ()s c_._s,&-) <\ u\rﬂ‘f“
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Base values: ‘X%j\x

X — R X/,Q \'JLQ,\J..%J:’;),.?A
1\

Six-membered ring or
enone

T o
Qh"\;uv\\aﬂ

acyclic parent

Five-membered ring parent enone

\
X=H = o\
D

] \’/ !
Increments for: \ ¥

Q

Double bond extending conjugation

Exocyclic double bond

Endocyclic double bond in a 5- or 7-

)\amamnvw\\or

membered ring for X = OH, OR

<— Homocyclic diene component

Alkyl substituent or
ring residue ——

/
(0
p
v or higher
—~——

A=215nm

A=202 nm
=208 nm
A=195 nm

30
3]

5]
39
10

12
18
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Polar groupings:

-OC(O)CH,
-OCH,

-Cl

-Br

’N R2

P oo e

s
=
(o

Q

™
™ =< ™ R o= W™ R
(o )

35

30
o0

35
30
17
31
15
12
30
25
935
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"Solvent shifts for various solvents:

Soivent Avas Ehift (NM)
{’0\” X Ny AV AEN <— water +8 ReA T
D> N e)\\\w; LoNJany chloroform -1
ether -7 e
cyclohexane - 11 QNS |
dioxane -5
hexane -11

) od pd ~¥ /lh»ﬂ* s N ola Aleb=dl s
23U pRs 5 5 el ol
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example

Aole

5 f) NerN S enone

3 A
o~

Acyclic enone:

a-AlKyl groups
or ring residues:

B-Alkyl groups
or ring residues:

Calculated:
Observed:

2x12=

215 nm

10 nm

24 nm

249 nm
249 nm
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o
)

i
Five-membered
ring parent

enone:

B-Alkyl groups _
or ring residues: 2x12

Exocyclic
double bond:

Calculated:
Observed:
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. T
Six-membered &

ring or alicyclic 215 nm
parent enone:

Extended

conjugation: 30 nm
Homocyclic

diene 39 nm
component:

&Nkyl grqups , 18 nm
or ring residues:

Calculated: 302 nm

Observed: 300 nm



Five-membered
ring parent
enone:

o-Br:

B-Alkyl groups _
or ring residues: 2=

Exocyclic
double bond:

Calculated:
Observed:
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Carboxylic acid:

a-Alkyl groups

or ring residues:

B-Alkyl groups

or ring residues:

Calculated:
Observed:
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IR IS YT R R -
N (r ~=R)

O
Ester: 0w A
a-Alkyl groups

or ring residues:

B-Alkyl groups

or ring residues:

Endocyclic
double bond in
7-membered

ring:
Calculated:
Observed:

H, (Q,--o -QHQ

195 nm

10 nm

12 nm

222 nm
222 nm
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Aldehyde:

a-Alkyl groups
or ring residues:

B-Alkyl groups
or ring residues:

Calculated:
Observed:

2x12=

208 nm

10 nm

24 nm

242 nm
242 nm
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N‘J\ o U\V\\f\\‘\\“‘ )

Aldehyde:

Extended
conjugation:

Homodiene
component:

a-Alkyl groups

or ring residues:

3-Alkyl groups

or ring residues:

Calculated:
Observed:

208 nm
30 nm

39 nm

10 nm

18 nm

304 nm
302 nm
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