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ABSTRACT 

The uv  s p e c t r a  o f  s e v e r a l  n i t r o i m i d a z o l e s  a r e  r e p o r t e d .  

These e x p e r i m e n t a l  r e s u l t s  a r e  i n t e r p r e t e d  u s i n g  CNDO/S m e t h o d  

( C o m p l e t e  N e g l e c t  o f  D i f f e r e n t i a l  O v e r l a p  f o r  S p e c t r o s c o p y ) .  

C a l c u l a t i o n s  show t h a t  o b s e r v e d  t r a n s i t i o n s  are n-n* t y p e  t r a n -  

si t i o n s .  

INTRODUCTION 

U l t r a v i o l e t  s p e c t r o s c o p y  h a s  been a p p l i e d  t o  s t u d i e s  o f  1,2- 

dimethyl-5-nitroimidazole ( I ) ,  l-methyl-2-(2,2-dimethyl-vinyl)-5- 
n i t r o i m i d a z o l e  ( I  I )  and l-methyl-2-(2-rnethy 1-2-pheny l - v i n y l ) - 5 -  

n i t r o i m i d a z o l e  ( 1 1 1 )  (1). The  n i t r o i m i d a z o l e s  a s  a class o f  

compounds have a t t r a c t e d  much a t t e n t i o n  and a re  w i d e l y  u s e d  i n  
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1050 CROZET ET AL. 

different fields of pharmalogical interest which include anaero- 
bic infections, hypoxic cell radiosensitizers in radiotherapy and 
possibly as adjuncts with various other anticancer drugs ( 2 1. 
These compounds show two absorption bands at 310-355 nm and at 

230-270 nm. The uv spectra o f  these compounds have been computed 
using the C N D O / S  method to identify the different parts of the 
molecule related to the transitions. In order to confirm the 
suitability of the CNDO/S method for the characterization of the 

uv spectra of this class of compounds, we have also computed 1- 

methyl-5-nitroimidazole ( I V )  and two 4-nitroimidazoles: l-methyl- 

4-nitroimidazole ( V )  and 1,2-dimethyl-4 nitroimidazole ( V I ) .  

-- METHOD OF CALCULATION 
The method of calculation used in this work is the C N D O / S  

method following DEL BENE and JAFFE ( 3 ) except that the parame- 

ter p selected for oxygen atom is that used in the CNDO/2 method 
with the value -31 e.v. ( 4 1. 

The configuration interaction was limited to the 30 monoex- 
cited lower energy configurations. We have observed that a more 
complete configuration interaction with 60 configurations did not 

change significantly the results. 
The geometry used for imidazole cycle has been described by 

ROCHE ( 5 ). The substituents have been placed on the bisectrix 
of the corresponding bond angles. The different bond-lengths and 
angles are given in Appendix. 

RESULTS & DISCUSSION 
The results show (Tables 1,2 and 3 )  that the first transi- 

tion results from a configuration corresponding to the transition 
of one of the electrons of the highiest occupied molecular orbi- 
tal (HOMO) to the lowest unoccupied molecular orbital (LUMO) f o r  

all studied molecules. This transition is a n-n*type transi- 
tion. It is noteworthy, from the comparison of the theoretical 
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CNDO/S METHOD INTERPRETATION OF ULTRAVIOLET SPECTRA 1051 

Tpound 
O s c i l l a t o r  s t r e n g t h  
Main c o n f i g u r a t i o n  
squared  c o e f f i c i e n t  

(V) 
290 nm 
0 -2315 
0 -96 

(VI) 
302 nm 
0 -2168 
0.97 

(IV) 
301 nm 
0 A683 
0.97 

(I) 
310 nm 
0 A927 
0.90 

(I) 
238 nm 
0.0215 
0.81 

( I )  
222 nm 
0.3093 
0.96 

TABLE 1 

Occupied 
Molecular 
Orbital 
AN /04 

HOMO I 

CI I, 

I 
CI I, 

Unoccupied 
Molecular 
Orbital 

Cl I, 

tl I, 

I 

Cl4, 

O" ' N  <Ic,.,, 
0; I 

cr4, 

LUMO 

LUMO 

The numbers ad jo ined  t o  t h e  f i g u r e s  of  t h e  molecules  a r e  t h e  
s q u a r e d  c o e f f i c i e n t s  o f  t h e  a t o m i c  o r b i t a l s  i n v o l v e d  i n  t h e  
cor responding  molecular  o r b i t a l  m u l t i p l i e d  by 100 . 

v a l u e s  f o r  t h e  L U M O  e n e r g y  i n  t h e  d i f f e r e n t  5 -n i t ro imidezo le s ,  

t h a t  few v a r i a t i o n s  of t h e  energy l e v e l s  are found. Even when t h e  

conf  i g u r e t i o n  i n  t h e  m o l e c u l e s  i n c r e a s e s  t h e  d e l o c a l i z a t i o n  of 
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1052 CROZET E T  A L .  

TABLE 2 

Compound Occupied 

O s c i l l a t o r  s t reng th  
Main c o n f i g u r a t i o n  
squared c o e f f i c i e n t  

Molecular 
O r b i t a l  

A 

( I )  
220  nm 
0.0961 HOMO 
0.93 

334 nm O,' I HOMO 

0.95 

(11) 

0 .702  CI I, 

(11) 
252 nm 
IJ.1511 
0.83 

(11) 
241 n m  
0.0848 
0.69 

(11) 
223 n m  
0 .2795  
0.95 

HOMO 

Cl I, 

Unoccupied 
Molecular 
O r b i t a l  

Cll, 

CI I, 

LUMO 

LUMO 

0.230 
0.79 

HOMO 

The numbers a d j o i n e d  t o  t h e  f i g u r e s  o f  t h e  m o l e c u l e s  a r e  t h e  
squared  c o e f f i c i e n t s  o f  t h e  a t o m i c  o r b i t a l s  i n v o l v e d  i n  t h e  
c o r r e s p o n d i n g  m o l e c u l a r  o r b i t a l  m u l t i p l i e d  by 100 e x c e p t  f o r  
phenyl  group whese the number i s  the sum o f  the numbers f o r  t he  
s i x  carbon atoms. 

t h i s  o r b i t a l  changes v e r y  l i t t l e .  I f  we c o n s i d e r  t h e  squared 

c o e f f i c i e n t s  ( f o r  w h i c h  t h e  t o t a l  v a l u e s  a r e  e q u a l  t o  o n e ) ,  o f  

t h e  molecular o r b i t a l  i n  the d i f f e r e n t  atoms, i t  i s  p o s s i b l e  t o  
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CNDO/S METHOD INTERPRETATION OF ULTRAVIOLET SPECTRA 1053 

TABLE 3 

Compound I I1 I11 IV v V I  

Experimental 310 230 340 235 355 270 296 289 301 

A (nm) (2) ( 2 )  (2)  

l o g  E 3.95 ( s )  4.04 4.05 4.17 4.05 3.90 3.84 3.84 

Theore t i ca l  310 238 334 252 350 280 301 290 302 

A (nm) 222 241 

220 223 

O s c i l l a t o r  0.49 0.02 0.70 0.15 1.00 0.23 0.47 0.23 0.22 

s t reng th  0.31 0.08 

0.10 0.28 

( s )  =shoulder 

f i n d  t h a t  on l y  6% o f  t h i s  o r b i t a l  on the e x t r a  c y c l i c  double bond 

o f  compound I 1  ( w i t h  t w o  m e t h y l  groups)  and 16% i n  t h e  case o f  

compound I 1 1  ( w i t h  a m e t h y l  and a p h e n y l  groups on t h e  doub le  

bond). The s i t u a t i o n  i s  d ramat i ca l l y  d i f f e r e n t  f o r  the HOMO whose 

energy changes s i g n i f i c a n t l y  and f o r  the d e l o c a l i z a t i o n  i n  fon- 

c t i o n  o f  the subs t i t uen ts  on the double bond which va r ies  between 

25 and 49%. The change i n  t h e  HOMO energy l e v e l  ( T a b l e  4)  i s  

consequen t l y  t h e  e s s e n t i a l  reason  f o r  t h e  ba thoch romic  e f f e c t  

observed w i t h  an increase i n  conjugation. 

The second t r a n s i t i o n  observed f o r  I and 11 i s  more d i f f i -  

c u l t  t o  e x p l a i n .  T h i s  t r a n s i t i o n  i s  observed a t  230 nm as a 

s h o u l d e r  f o r  t h e  f i r s t  compound and a band a t  235 n m  f o r  t h e  

second. 
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TABLE 4 

CROZET ET AL. 

Compound I I 1  I11 I V  V VI 
HOMO energy (e.v.) -9.54 -9.00 -8.77 -9.82 -9.78 -9.47 

LUMO energy (e.v.) -2.20 -2.17 -2.25 -2.35 -2.16 -2.08 

Calculation gives a first transition relative to an oscilla- 

tor strength with a value different to z e r o  at 238 nm, a second 

transition at 222 nm which finds its origin in electronic transi- 
tion from an orbital centered on oxygen atoms of nitro group to 

LUMO, and a third transition at 220 nm. For the compound 11, the 
observed transition is at 235 nm, and the calculations give three 

transitions in this region of absorption at252 nm, 241  nm and 
223 nm, this last transition involving oxygen atoms of nitro 
group in the occupied orbital. All these transitions are n--n* 
type transition. 

F o r  the compound I 1 1  with a phenyl group on the double bond 

t h e  second transition is found experimentally at 270 nm and 
computed at 280 nm. Its origin is essentially in a configuration 

relative to an electronic transition from the HOMO to a complete- 
ly delocalized orbital with 39% of electronic density in phenyl 

group, 26% in the extracyclic double bond and 20% in the nitro 
group. This transition is also a n---n*type transition. 

The uv absorption spectra of isomeric 1-methyl-4- and 5 -  
nitroimidazole I V  and V show experimentally a small bathochromic 

effect which is also found by calculations. This bathochromic 
effect results primarily from a lowering in LUMO energy level. 
The energy level of the HOMO decreases also but less markedly. 

The bathochromic effect resulting from the substitution of a 
hydrogen atom by a methyl group in position 2 agrees satisfacto- 
rily with calculations. 
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CNDO/S METHOD INTERPRETATION OF ULTRAVIOLET SPECTRA 1055 

C a l c u l a t i o n s  f o r  a l l  t h e s e  molecules  g i v e  n-n* type  t ran-  

s i t i o n ,  whose  t r a n s i t i o n  moment is  z e r o  a t  a b o u t  500 nm, w h i c h  

means  t h a t  t h e s e  t r a n s i t i o n s  a r e  fo rb idden  t r a n s i t i o n s  and a r e  

n o t  o b s e r v e d  e x p e r i m e n t a l l y .  I t  s h o u l d  b e  p o i n t e d  o u t  t h a t  t h e  

s e l e c t i o n  r u l e s  a r e  n o t  a b s o l u t e  and  t h a t  p e r t u r b a t i o n  o f  t h e  

molecu la r  states by i n t e r m o l e c u l a r  v i b r a t i o n ,  by c o l l i s i o n ,  and 

by a s s o c i a t i o n  w i t h  o t h e r  p a r t i c l e s  t e n d  t o  r e l a x  t h e s e  r u l e s .  

The n i t r o i m i d a z o l e s  a r e  a lways  y e l l o w  o r  p a l e  y e l l o w  i n  s o l i d  

s t a t e  and  t h i s  c o l o u r  m a y  p o s s i b l y  b e  c a u s e d  by these t r a n s i -  
t i o n s .  

CONCLUSION 

The r e s u l t s  of c a l c u l a t i o n s  ag ree  v e r y  well w i t h  experimen- 

t a l  r e s u l t s  f o r  two 4 -n i t ro imidazo le s  V and VI or  f o r  t h e  5 - n i t r o  

imidazo le  ( I ) .  Compatible r e s u l t s  a r e  a l so  ob ta ined  f o r  o t h e r  5- 

n i t r o i m i d a z o l e s  11, I11  and V. 

The b a t h o c h r o m i c  e f f e c t  o b s e r v e d  e x p e r i m e n t a l l y  f o r  t h e  

f i r s t  t r a n s i t i o n  w i t h  t h e  ex tens ion  of con juga te  system cor re s -  

ponds c l o s e l y  t o  t h e  r e s u l t s  ob ta ined  by c a l c u l a t i o n s .  

These c a l c u l a t i o n s  w i l l  b e  completed by f u r t h e r  work i n  t h i s  

f i e l d  w i t h  a v i e w  to  s tudy ing  more complex molecules.  
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APPENDIX 

Distances (Angstroms) 

C-H except CH3: 1.09 
1.08 

C- NO, N-CH, C-CH3 Yd? 1-40 1.41 1.53 

C-C i n  phenyl  group 
1.39 

Angles (degrees) 

Fo r  spa carbon atom and n i t r o g e n  atom a l l  valence angles a re  120 
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e x c e p t  f o r  irnidazole cycle. 

For methyl group a l l  v a l e n c e  d i r e c t i o n s  a r e  e q u i v a l e n t .  

I05 7 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
9
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


