
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

CNDO/S Method Interpretation of the Ultraviolet Spectra of 1-3-Diazole
and 1-3-Diazine, i.e. Pyrimidine-2-thione and 2-Methylthiopyrimidine
D. Bouin-roubauda; J. Kistera; L. Bouscassea; J. Metzgera

a Department of Organic Chemistry A., University of Aix-Marseille III, St-Jérôme Center, MARSEILLE
CEDEX 13, FRANCE

To cite this Article Bouin-roubaud, D. , Kister, J. , Bouscasse, L. and Metzger, J.(1981) 'CNDO/S Method Interpretation of
the Ultraviolet Spectra of 1-3-Diazole and 1-3-Diazine, i.e. Pyrimidine-2-thione and 2-Methylthiopyrimidine',
Spectroscopy Letters, 14: 6, 431 — 439
To link to this Article: DOI: 10.1080/00387018108062603
URL: http://dx.doi.org/10.1080/00387018108062603

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387018108062603
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 1 4 ( 6 )  , 431-439  (1981) 

CNDO/S METHOD INTERPRETATION OF THE ULTRAVIOLET SPECTRA 
OF 1-3-DIAZOLE AND 1-3-DIAZINE, i.e. PYRIMIDINE-2-THIOFJE 

AND 2-ME"HYLTHIOPYRIMIDINE~ 

D. BOUIN-ROUBAUD, J. KISTERI L o  BOUSCASSE and JeMETZGER 

University of Aix-Marseille 

Department of Organic Chemistry A. 

111, St-JCr8me Center, 

13397 MARSEILLE CEDEX 13 - FRANCE. 

ABSTRACT 

The existence of pyrimidine-2-thione i n  the thime 

form is confirmed by cNw/S calculations. 2aethylthio- 

pyrimidine is calculated, and a l l  the transitions are 

in  agreement with the experimental values. 

INTRODUCTION 

The pyrimidine-2-thicme molecule can be found in two 

protomeric forms : the 2-mercaptopyrimidine and the 

pyrimidine-2-thione i t s e l f .  

A CNDO/S calculation of the various transitions was 
carried out in order t o  canfirm the  existence of t h i s  
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432 BOUIN-ROUBAUD ET AL. 

molecule i n  the  th ione  form i n  the  most d i l u t e d  solu- 

t i o n s  used i n  ul t r s v i o l e t  spectroscopy. 

Moreover, the  a t t r i b u t i o n  of the  absorpt ion bands of 
t h e  2-methyl thiopyrimidine molecule w a s  done. 

METHOD OF CALCULATION 
---_II--. 

The u l t r a v i o l e t  spec t r a  have been descr ibed e l se-  

where ( I ) .  

The geometry of the  pyrimidine c y c l e  was est imated 

according t o  the  r e s u l t s  previously obtained ( 2 ) ,  and 

i s  given i n  the  Appendix. 

The parameter izat ion 'Ee mc ,,,' : method which 

was used i s  descr ibed i n  the  l i t e r a t u r e  ( 3 ,  4,  5).  

In our  c a l m 1  at ions,  the  conf igura t ion  i n t e r a c t i o n  

was l i m i t e d  t o  the  30 lower energy conf igura t ions .  

The d o r b i t a l s  of the  sulphur  atom were taken i n t o  

account, and they were t r e a t e d  as proposed by H.V. 

Schul te  and A.  Schweig ( 2 ) .  The parameters given by 

these  au thors  f o r  the  sulphur  atom were u t i l i z e d .  

RESULTS AND DISCUSSIOK 

a )  The r e s u l t s  of  the ChrDO/S c a l c u l a t i o n  carried ou t  f o r  

the  molecule i n  the  NH form and the  SH form are i l l u s -  

t r a t e d  i n  Scheme 1. 

The comparison of these r e s u l t s  with the  experimental  

da t a  obtained i n  methylene chloride can be done w i t h  

Table 1. 
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SCHEMA 1 

~ 

Nature 
o f  the  

t r a n s i t i o n  

* x --.+ n 

3.2s el’ 

376.0 nm 

n -+ nu 

4.58 eV 

270.5 nm 

* x -.+ n 

5.83 e V  

212.5 nm 

x -n* 

6.07 e V  

204.1 nm 

Main 
:on f i gura ti01 
squared 
c o e f f i c i e n t  

0 -98 

0.88 

0.71 

0.66 

Occupied 
molecular 
o r b i t a l  

16 

Vir tua l  
molecular 
o r b i t a l  

37 10 

?qJLS 16 

13 

25 l9 

1 6 a L s  

c$=s 
37 10 

I 

0.71 

7 5.72 ev 

me numbers adjoined t o  the f igu res  of the  molecules a re  
the squared coe f f i c i en t s  of t h e  atomic o r b i t a l s  involved 
in  the  corresponding molecular o r b i t a l  mul t ip l ied  by lo2. 
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4 34 BOUIN-ROUBAUD ET AL . 

I 

Pyrimidine-$- t h  i. me 

TABLE 1 

Nature of t h e  t r a n s i t i o n  I----- 
~ 

K- n* 

3.29 eV 

* n + n  
4.58 eV 

* x 4 x  
5.83 eV 

72 -n* 

6.07 e V  

-. 

Theore t i ca l  

376.0 

0.1581 

270 5 
0.5669 

212.5 

0 -0999 

204 1 

0.2739 

- 

Experimental 
CH2C12 

3 84 

3.366 

293.5 

4.364 

235.8 

4.436 

The first number corresponds t o  t h e  va lue  of the t r a n s i -  
t i o n  i n  n.rn., the  second va lue  r ep resen t s  the o s c i l l a t o r  
s t r eng th  for  t h e o r e t i c a l  and l o g  E for experimental .  

We conclude t h a t  t h e  molecule is i n  t h e  th ione  form. 

A l l  the t r w s i t i o n s  observed for pyrimidine-2-thime 

a r e  t y p i f i e d  by a 7t-n* t r a n s i t i o n .  

The first t r a n s i t i o n ,  c a l c u l a t e d  a t  3.29eV (376 run), 

is found at 384 nm i n  the presence of methylene chlo- 

r ide .  I t  e s s e n t i a l l y  involves  t h e  exocycl ic  su lphur  

i n  the occupied molecular o r b i t a l ,  whereas t h e  whole 
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ULTRAVIOLET SPECTRA 4 3 5  

cyc le  i s  involved i n  the  v i r t u a l  molecular o r b i t a l .  

The sulphur  atom is t he re fo re  more charged i n  i t s  

ground s t a t e  than i n  i t s  exci ted state. Conseqmt1.y 

i t  i s  more s t a b i l i z e d  i n  p r o t i c  s o l v e ~ t s  - t h i s  gives 

proof t o  t h e  hypsochromic e f f e c t  experimentally obser- 

ve< when ethancl  is subs t i t u t ed  for methylene chlo- 

r i d e  ( 1 ) .  

The second t r a n s i t i o n  ca lcu la ted  a t  4.5SeV (270.5 rm) 

is found a t  293.5 nm i n  the  presence of methylene 

ch Lor i d  e. 

F ina l ly ,  the  last x j n *  t r a n s i t i o n  ca lcu la ted  a t  

5.83eV (212.5 nm) corresponds t o  a charge t r a n s f e r  

between the  sulphur atom in i t s  ground s t a t e  and the 

e n t i r e  cycle i n  i t s  exci ted s t a t e .  

b) The r e s u l t s  of the CNDO/S ca lcu la t ion  cz.rried out for  

the  2-methylthiopyrimidine molecule a r e  reported i n  

Scheme 2. The comparison between ca lcu la ted  ant1 expe- 

r imental  r e s u l t s  i s  given i n  Table 2. 

F i r s t  o f  a l l ,  a n-z* t y p e  trcincit ion (4.43eV) c a  

be observed, which appears experimentally as a shoul- 

der .  I t  cha rac t e r i zes  the  e l e c t r m  p a i r s  of the  Ritro-  

gen atom, and i s  found f o r  many pyrimidine der iva t ives .  

The following n-+7r* type  t r a n s i t i o n  is calculatec? 

a t  4.80eV. This t r a n s i t i o n ,  as well  a s  the  l a s t  'I * 
t r a n s i t i o n  ca lcv la ted  a t  5.57eV, charac te r izes  the  
s - ?.*& I"., i * . :a 
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4 36 BOUIN-ROUBAUD ET AL. 

Nature Ma in  Occupied Virtual 
of the CanfirJuration molecular molecular 

t ransi t ion squared o r b i t a l  o r b i t a l  
coef f ic ien t  

n - + n *  

4.43 eV 
CH, 

0.50 

- 28 -- - 
77 j77* 

4.80 eV 
0.70 

* 
7 l - + 7 [  

CH 

0.94 
5.57 eV 

SCHEMA 2 

I --- l-- 1 

The numbers adjoined t o  the f igures  of the molecules a re  
the squared coef f ic ien ts  of the atomic o r b i t a l s  involved 
i n  the correspcmding molecular o r b i t a l  multiplied by 10 2. 

CONCLUSION 

The charac te r i s t ic  t rans i t ion  of the thiocarbonyl 

group i n  pyrimidine-2-t'nione is of n +x* type. For t h i s  

t ransi t ion,  the charge of the exocyclic sulphur atom i n  

the excited s t a t e  is smaller than the charge of the 

sane atom i n  the ground s t a t e .  This finding i s  i n  accor- 

?ance with the hypsochromic displacement observed when 

ethanol is subst i tuted for  methylene chloride. 
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i 
I 

In m m I  
#-+- 

I 
I I 
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4 38 BOUIN-ROUBAUD ET AL. 

- -- 
Nature of t he  t r a n z i t i o n  Theore t ica l  

I-- 

n-x* 279 * 3 

4.43 eV 0 0000 
_______-__--_-II----------- 

x-+= * 257.8 

4.80 eV 09047 3 - - - - - _ - - - - - - - - - - - - - - - - - - - - -  
* 2?2,4 =+= 

5.57 e V  0.4541 

TABLE 2 

Experimen t a1 
E to€! 

287 (.) 
3 ,103  

251 

4 *021 

2 20 

3.414 

The CNDO/S c a l c u l a t i o n  confirms the  ex is tence  of the  

o y r i m i d i n e - 2 - t h i o n e r n o l e c u l e  i n  t he  thione form i n  the  

so lu t ions  used f o r  u l t r a v i o l e t  spectroscopy. 
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APPENDIX 

Geometry of molecules. 

The d i s t ances  a r e  given i n  angstroms, the angles in 
degrees. 
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