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ON THE GROUND STATE FREQUENCIES OF SOHE DEBIVA TIVES OF 

1,3,5 ,B-TETBA- AZANAPHTHtLZNE 

KANIK RAM & B.R. PANDEY 

Department o f  Physics  

lNDI R 
wnd 

Univers i ty  of Gorakhpur, 
Gorakhpur 273001. 

Vishnu Ji Ram 

Department of  Chexiistry, S.C. Col lege,  Bal l io ,  India .  

ABSTRACT 

The i n f r a r e d  s p e c t r a  of  three derivatives o f  

1 3,5,8- Te tra- azanaph tha lene  v i z .  , 3-Me thyl-8-hydro xyethyl- 

lumazlne 6,7,8-Trleethyllumazlne and ZDirnethylamlro-6,7- 

d iphenylp ter ine  have been determined in the reg ion  400 - 
4000 c T 1  and c o r r e l a t e d .  Band assignments of theae  complex 

mleculers  are d iscussed  in r e l a t i o n  to  those o f  naphthalene,  

azanaphthalenes and their  d e r i v a t i v e s .  The shif8 ocour ing  

in symmetrlo and antisymmetric a t r e t c h i n g  and aymmetrio 

deformation frequenalee of C-H in e t h y l  group when a t t a c h e d  

to the n i t m g e n  havebeen examined i n  r e l a t i o n  to  the 

s t r u c t u r e  of  the molecules. A s t r o n g  l n t e r u n l e c u l a r  

hydrogen bonding In 3-Hethyl-8-hydmxy e thy l  lumazine and 

2-Dlmethylamino-6,7-dlphenyl g t e r l n e  has been observed. 
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INTBQDUCTION 

RAM, PANDEY, AND RAM 

Among the  most i n t e r e s t i n g  problems o f  sc ience  to 

date a r e  de te rmina t ion  o f  the s t r u c t u r e  and p r o p e r t i e s  of 

substances o f  b i o l o g i c a l  importance. 

Is t h e  I n v e s t i g a t i o n  of  hydmgen b o d i n g ,  r e w n a n c e ,  iaomaric  

chandes,  tautomeric  e q u i l i b r i a  e tc .  V i b r a t i o n a l  spectrosoopy 

provides  a s e n s i t i v e  probe formany such biomolecular i n t e r -  

a c t i o n s  o f  I n t e r e s t .  The present  i n v e s t i g a t i o n  concerns with 

the  s t u d y  of i n f r a r e d  spectrum o f  t h r e e  b i o l o g i c a l  pigments 

namely 3-Methyl-8-hydmxye thyllumazine , 6,7,8-Trimethyl 

lumazine and 2-Dl~thylamlno-6,?-diphenylpterlne (hereafter 

called compounds A,B and C r e s p e c t i v e l y  as shown in Fig. 1) 

making an  assessment o f  t h e  p o s s i b i l i t i e s  o f  hydrogen bond 

formation and o t h e r  e f f e c t s  mentioned above. 

O f  great s i g n i f i c a n c e  

A l l  the  compounds were synthes ised  i n  pure form by 

one o f  us in the  Chemical Laboratory,  Univers i ty  o f  Konstauz, 

West Germany (unpubl ished work). These compounds were in 

a o l i d  form. The i n f r a r e d  spectra were recorded by dispersing 

them in I(Br dise8 on double beam g r a t i n g  spectrophotameter  

mdel Beckman IB-12 in t h e  reg ion  400 - 4000 cm- l .  

accuracy o f  the frequency measurements nas  e s t i m a t e d  at  s e v e r a l  

s p e c i f i o  f requencies  to be w i t h i n  A0.2 om-’ at 400 cW1, 

20.4 cm-1 at 740 ora’l, 20.6 cm-’ at 1330 cm-’, kO.7 cm-’ at 

2220 om-’ and k0.8 em-’ at 4000 cm-’. 

was normal. 

The 

The elit p m g r m i n g  

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



DERIVATIVES OF 1,3,5,8-TETRA-AZANAPHTHALENE 

3 - METHYL-8-HYDROXYE?HYL LUMAZINE 

0 

6,7,8 - TRlMETHY L LUMAZINE 
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FDIMETHYL A M l N O d  , F D l P H E N Y L E  PTERINE 

F I G 1  
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RESULTS AND DI SCUSSIOJ 

RAM, PANDEY, AND RAM 

The frequencies  observed a r e  l i s t e d  i n  Table 1. 

A l l  t h e  compounds uader present  i nves t iga t ion  are highly 

unsymmetrical, t he re fo re  a l l  v ib ra t ions  a r e  allowed i n  

both in f r a red  and Raman spectrum. Further  t h e  s k e l t a l  

motions i n  azanaphthalenes a r e  p r a c t i c a l l y  t h e  same as t h a t  

of naphthalene,  ht t h e i r  i n t e n s i t y  and p o s i t i o n  may d i f f e r  

according t o  t h e  na ture  and pos i t i on  of t h e  subs t i t uen t s .  A 

number of band assignments can thus  be made on t h e  bas i s  of 

s imi l a r ly  subs t i t u t ed  naphthalenes and azanaphthalenes.  

Ring Vibrations 

Out of t h e  four  bands usua l ly  found i n  t h e  rallge 

1620 - 1560 cm-l and f i v e  bands i n  t h e  range 1.500 - 1350 cm-l 

as r i n g  s t r e t ch ing  v ib ra t ion  i n  naphthalene, azanaphthalenes 

and most of t h e i r  d e r i v a t i v e ~ l * ~ * ~ , ~ * ~ , ~ .  only tw, bands in 

t h e  f i r s t  range and one band i n  t h e  second range have been 

observed i n  a l l  the  t h r e e  compounds. Their  counterpar t  

bands i n  naphthalene’ a r e  belonging t o  t h e  spec ie s  B 

A respec t ive ly .  However t h e  two bands i n  compound B a t  

1510 cm’l and 1390 c m - I  may be due t o  s k e l e t a l  s t r e t c h i n g  

mode and can be co r re l a t ed  w i t h  t h e  spec ie s  BaU and A of 

naphthalene. The other r i n g  v ib ra t ions  a r e  shown i n  tab le  1 

and t h e i r  probable mode of v ib ra t ions  are ind ica t ed  there in .  

The larger s h i f t  in ring modes observed d o e s  indeed i n d i c a t e  

cons iderable  coupling with the C 6  group. 

and 
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DERIVATIVES OF 1,3,5,8-TETRA-AZANAPHTHALENE 153 

- Group f r equenc i e s 

Carbony1 groupt 

The compounds A and B belong t o  t h e  c l a s s  of 

compounds c o n t a i n i n g  t h e  group GO-NH-CO i n  c y c l i c  m a t e r i a l s  

g e n e r a l l y  des igna ted  as c y c l i c  d i scyc l imides .  The d i a c y c l i -  

mides have been e x t e n s i v e l y  s t u d i e d  by Randa l l  e t  a l '  and 

t h e  ca rbony l  f r e q u e n c i e s  well c n a r a c t e r i s e d .  The ca rbony l  

f r e q u e n c i e s  observed  by Randal l  et a1 were i n  t h e  range  

1720 - 1750 cm-I f o r  t h e  4 p o s i t i o n  carbony1 and i n  t h e  

r ange  165.5 - 1712 crn-l f o r  t h e  2 p o s i t i o n  ca rbony l  group. 

I n  t h e  p r e s e n t  i n v e s t i g a t i o n  t h e  two ca rbony l  f r e q u e n c i e s  i n  

compounds A and R were i d e n t i f i e d  with one l y i n g  between 

1720 - 1760 cm'l a t t r i b u t e d  t o  4 p o s i t i o n  and t h e  o t h e r  

bethieen 1690 - 1695 c o r r e l a t e d  wi th  2 p o s i t i o n  ca rbony l  

group (Table  1 ) .  From T a b l e  1 i t  i s  appa ren t  t h a t  t h e  4 

p o s i t i o n  ca rbony l  f requency  i n  compound A i s  l e s s  by 40 cm-I 

t h a n  t ~ e  CorresDonding 4 p o s i t i o n  ca rbony l  f r equency  i n  com- 

pound B. T h i s  lowering of t h e  f r equency  may be due t o  t h e  

p re sence  of CH3 group a t  3 p o s i t i o n  i n  compound A. 

r e s u l t s  ag ree  f a i r l y  we l l  wi th  t h o s e  o b t a i n e d  by Cu lbe r t son  

e t  a16 f o r  a l k y l a t e d  qu inaza lones  s u b s t i t u t e d  a t  2 or  3 

p o s i t i o n  or both. 

Our 

I n  compound C t h e  4 p o s i t i o n  s t r e t c h i n g  f requency  

of ca rbony l  g r o u p  has ,  however, been o b t a i n e d  a t  1670 c m - l .  

Although a s l i g h t  s h i f t i n g  may occur  i n  ca rbony l  s t r e t c h i n g  

f requency  due t o  v i b r a t i o n a l  coupl ing  wi th  NH deformat ion  
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158 RAM, PANDEY, AND RAM 

8 mode , t h i s  l a r g e  s h i f t i n g  may be exp la ined  assuming s t r o n g  

i n t e r m o l e c u l a r  hydrogen 9910 b n d i n g  which i s  being ev idenced  

by very  low v a l u e  of NH s t r e t c h i n g  (3150 cm-l) f requency .  

- Methyl group: 

The o v e r a l l  f r equency  r anges  of methyl  group i n  

v a r i o u s l y  s u b s t i t u t e d  t o l u n e s ,  methylnaphtha lenes  and an th ra -  

cenes, me thy la t ed  p o l y c y c l i c  a romat i c s  and h e t e r o c y c l i e s ' l  are 

s5 (29% - 2967 cm-l),  (29.56 - 2938 cm-l),  U ~ ( E S S ~  - 2919 

and 2 8 s  ( 2 9 %  - 2740 em-'). em-'), 2$a(28'73 - 2859 cm-'), 

Henbcst e t  al l '  however observed  t h a t  when methyl  

group i s  a t t a c h e d  t o  oxygen i n s t e a d  of oarbon, t h e  symmetric 

Cdg s t r e t c h i n g  v i b r a t i o n  i s  lowered by a b u t  50 cm 

an t l symmet r i c  CH3 s t r e t c h i n g  v i b r a t i o n  i s  r a i s e d  up by about  

t h e  same amount. 

Exaunhol tz  e t  a l l s  reached  a t  s i m i l a r  conc lus ion  when 

C i i g  g r o u p  IS a t t a c h e d  t o  t h e  n i t r o g e n  atom and a s s o c i a t e d  

t h e  band i n  t h e  2500 cm-l r e g i o n  wi th  t h d t  of CXg symmetric 

s t r e t c h i n g  mode but wi th  one  impor t an t  r e s e r v a t i o n .  They 

p o i n t e d  o u t  t h a t  t h e  medium t o  s t rong band does not  normal ly  

occur  i n  t h i s  r e g i o n  as symmetric mode of 

groups  f o r  molecules  i n  which n i t r o g e n  lone p a i r  o f  e l e c t r o n  

i s  no longe r  p r e s e n t  as such i . e .  when it i s  fully involved  

i n  bond fo rma t ion .  

-1 and 

3 a l t o n  e t  all3, H i l l  and Meakins14 and 

-N-C'.13 o r  -d - (C : ly )2  

-1 A medium s t r o n p  band i s  p r e s e n t  a t  2320 cm i n  

compound B I n  which CXg group is  a t t a c h e d  t o  t h e  n i t r o g e n  atom 

p r e s e n t  i n  t h e  r i n g  a t  9 p o s i t i o n ,  whereas no such band was 

observed in  compound A where CHg group is attached t o  ring nitrogen 

a t  3 position and i n  compound C in which two methyl groups ate  attached t o  

the same nitrogen of amino group attached t o  the ring a t  2 position 
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DERIVATIVES OF 1,3,5,8-TETlU-AZANAPHTHALEE 159 

( s e e  F i F .  1). I n  v i e h  of t h e  above  f a c t s  it may t h e r e f o r e  oe 

c o n c l u d e a  Lhat i I compounds anc C t h e  n i t r o g e n  loae  w i r  

e l e c t r o n s  are somehow involved .  i n  bond f o r m i t i o n .  A Kediurn 

s t r o n g  hano. a t  2740 cm-I may be t a k e n  as o v e r t o n e  of s y m e r ; r i c  

rnezhy l  d e f o r m a t i o n  (k r &  = 2660 cm--). I n  co.rpounds i, lr id C 

d n j  band .round it i s  u n a e f e c t d b l f .  L h e  1 n t e n s i f i c ; t i o n  of  t h e  

aand i i  compounn m y  3e ciue t o  t h e  f a c t  t h a t  it has p i c k e d  

UD t l - e  a p o r e c i a , l e  i n t e n s i t y  f r o n  i t s  ee c l o s e s t  C? f m d a m e n t d l  

(2420 cm-l) t q r o u p ' i  Ferri;i resonance''. l h e  t w o  s t r o n E  -acids a t  

2 9 0  cm-' and 2930 cm-l i n  corrpound Y may be  c o r r e l a t e d  t o  

s g n m e t r i c  dnn a n t i s y m m e t r i c  modes o f  C H 3  a t t a c h e d  t o  t h e  

c a r b o n  atorn of %he r i n r .  

1 

Altnough a c o r r e s p o n o i n g  s b i f t  o f  symmetr ic  

d e f o r m a t i o n  mor e of  m e t h y l  n i t r o g e n  compounds hds oeen l e s s  
-1 s t u d i e d ,  -ue have  n o t e a  t h e  s i m i l a r  t r e n d  of s h i f t  (1355 cm 

i n  A, 1330 cm i n  9 a n d  ls60 cm i n  C )  as d i s c u s s e d  aoove.  

,To s p l i t t i q g  of C' i3  s y m r r e t r i c  d e f o r m a t i o n  mode i n  compound i: 

has been o s e r v e d  i n d i c a t i n g  t h e r e  y t h a t  t h e  a n p l e  between 

two m e t h y l  g r o u p s  a t t a c h e d  t o  t h e  same n i t r o g e n  atom i s  v e r y  

small. F u r t h e r  a p a i r  of f r e q u e y c i e s  i n  a l l  t h e  t h r e e  

-1 -1 

compounds n o t e d  i n  t h e  r a n g e  1410 - 1460 cm-' may however 

be c o r r e l a t e d  w i t h  asymmetric d e f o r m a t i o n  mode of t h e  CH3 

g r o u p  . However o v e r a l l  s l i g h t  s h i f t i n g  i n  t h e  f r e q u e n c i e s  

may be  d u e  t o  t h e  p r e s e n c e  of c o r b o n y l  as a p o l a r  g r o u p  

i n  t h e  ring''. 

16 

Hydroxyl  group : 

I n  most  o f  t h e  a l c o h o l s  t h e  O H  f o r  monomers, 

d i m e r s  and p o l y m e r s  o c c u r s  a t  3642, 3431 and 5 x 6  cm-l 

r e ~ p e c t i v e l y l ~ ' ~ ~ .  A broad  band near Z O O  em-' i n  compound 
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160 RAM, PANDEY, AND RAM 

ii i s  an i n d i c a t i o n  of t h e  hydrogen 'conding of  t h e  t y p e  

O I I  ... 05. 

deformation mode. The veaker f requencies  in t h e  r e g i o n  

1365 - 1430 cm-' i n  compound A are probably a r i s i n g  d u e  t o  
19 i n t e r a c t i o n  of O H  tonding with t h e  a d j a c e n t  methyl group. 

The band at  1120 cm-l may be due t o  O H  p l a n a r  
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