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A b s tra c t The effect o f  hydrogen bonding on the absorption spectra of some proton
donor nucleic acid bases such as uracil, thym ine, 5-brom ouracil (BrU) and 5-am inouracil 
(A m U ) has been studied with acceptor bases like NaOH and piperidine in different protic 
so lven ts . It is observed that the n n * absorption bands of the proton donor shift tow ard 
longer w avelengths due to hydrogen bond formation and, using this change o f absorption 
spectra, that the equilibrium  constant between the proton donor and acceptor can be evaluated 
From  our findings, it is concluded that proton donating power decreases in the order BrU > 
uracil > thym ine > AmU. Some conclusions are drawn concerning the mechanism of hydrogen 
bonding
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The electronic spectra of a molecule may be altered by the formation of hydrogen bonds if the
chromophoric part of the molecule is perturbed by the hydrogen bond formation, and this is
often accompanied by spectral changes due to kv+ and mr* transitions. Several authors have
discussed hydrogen bonding in aromatic amines acting either asproton c o r  as proton
acceptor [1-3], When aromatic amino or imino groups enter into hydrogen bond formaonwHh
a suitable acceptor, the *** absorption band of aromatic compounds show a r e d s ^  lt was
recognized by various workers that the electronic absorption spectra of orgamc mol^ules are
not independent of the solvent employed. Considering the solvent
maxima is also shifted towards longer wavelength wtth mcreasmg die e*
solvent. It is fairly well established that ‘inductive” and “d isperse
responsible for this red shift. The red shift of tt/t* transition in a base ^ " ^ a ^ b m e d m  h^
electron distribution with enhanced electron density■ .n the more
molecule where the presence of electrons are more effect,ve for hydrogen bond format,on.
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In all forms of life, there are only two forms of nucleic acid, ribonucleic acid and 
deoxyribonucleic acid. Uracil and thymine are two important heterocyclic bases present in 
both the nucleic acids (Figure 1). Nucleic acids are of fundamental importance in controlling 
the reproduction and growth in living system. Moreover, nucleic acids are the basis of storage, 
transmission and expression of genetic information. Hence, any interaction or damage caused 
to the nucleic acid will have important consequences.

F ig u re  1. Structural form ula o f nucleic acid bases

The usefulness of ultraviolet spectroscopy in studying hydrogen bonding interaction 
has been recognized f4]. In this paper, the electronic absorption spectra of uracil, thymine, 5- 
bromouracil (BrU) and 5-aminouracil (AmU) in different protic solvents are described. The 
object of the present investigation was to study if the imino hydrogen (>N-H) present in all 
these nucleic acid bases (NuB) can enter into hydrogen bond formation with bases like NaOH 
and piperidine.

X = H, C H 3, B r or NH .
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/ n  r j ^  f  nUClei‘; a c ,d b a s e s  <N u B ) uracil (9 8 % ), th y m in e  (9 7 % ), 5 -b m m o u rac il
(B rU , 9 9 % ) an d  5 -a m .n o u ra c l (A m U , 98% ) all w ere ob ta ined  from  eith e r S igm a or A ldrich  and 
w ere  u se d  a s  re c e iv e d . E th an o l an d  e th y len e  g lyco l (E G . M erck , sp ec tro sco p ic  g rad e ) w ere 
d ried  an d  d is ti l le d  b e fo re  use . A na ly tica l g rad e  N aO H  an d  p ip e rid in e  w ere  used  as b ases 
T rip ly  d is ti lle d  w a te r  w as used  th ro u g h o u t.

X, nm

2 (b)

Figure 2. Absorption spectra of (a) thymine and (b) 5-aminouracil in ethanol at different 
concentrations o f  NaOH . Range of {NaOH \ , (a) (1-8) . 1 5 -  8 5 x 1 0 4 mol dm ' and 
(b) (1-6) 0 5 -  4 0 x 1 0 *  mol dm '

T h e  e le c tro n ic  ab so rp tio n  sp ec tra  w ere carried  out using  a H ew le tt P ack ard  ab so rp tio n  
sp e c tro p h o to m e te r , m o d e l 8 452A , a ttach ed  to  a p o w er PC  M acin to sh  4400/2(X) com puter. T he 
c o n c e n tra tio n  o f  N uB  w ere  m a in ta in ed  be tw een  6 -8  x  10~5 m ol dm  * and  kept fixed  in each  
se t o f  e x p e r im e n ts . T h e  c o n c e n tra tio n s  o f  p ro to n  accep to r bases w ere  in c reased  in steps 
a cco rd in g ly .

W h e n  an  in c re a s in g  am o u n t o f  a p ro to n  accep to r base  like N aO H  o r p ip erid in e  w as 
a d d ed  to  a so lu tio n  c o n ta in in g  nu cle ic  acid  bases (N uB ), it w as ob serv ed  tha t the ab so rp tio n  
b an d s  c h a ra c te r is tic  o f  free  N uB  b ecam e p ro g ressiv e ly  less p ro m in en t and at the sam e tim e, a 
new  b an d  a p p e a rin g  on the  lo n g e r w av e len g th  side  b ecam e stronger. It is w ell know n  th a t 
w hen  a ro m a tic  am in o  co m p o u n d s en ter into hydrogen  bond form ation , the e lec tron ic  absorption  
b an d  o f  th e  a ro m a tic  co m p o u n d  sh o w s a red  sh ift [5 ,6 ] . H ence , w hen  th e  co n cen tra tio n  oi th e  
p ro to n  a c c e p to r  b a se  w as sev era l tim es  la rg e r th an  tha t oi the p ro ton  don o r, the  p ro ton  d o n o r 
m ig h t b e  a ssu m e d  to  ex is t c o m p le te ly  in the h y d ro g en  b o n d ed  sta te . T he  peak  w as asso c ia ted  
w ith  th e  c h a ra c te r is tic  /r/r* b an d  o f  the p ro ton  do n o r, N uB . T he g round  sta te  in te rac tio n  o f  
N u B  b a se s  w a s  in v e s tig a te d  usin g  the a ssu m p tio n  tha t they  form  1 :1 h y d ro g en  bonded  
c o m p le x e s  w ith  N aO H  or p ip e rid in e . M o reo v er, N uB  are assum ed to  be p ro ton  d onors w hereas 
N aO H  an d  P ip e r id in e  a rc  ac c e p to r b ases (PA B ). In F ig u res 2a and  2b  tw o typ ical ex am p les  oi 
th e  a b so rp tio n  sp e c tra  o f  B rU  an d  A m U  in e thano l bo th  in p resen ce  and ab sen ce  o f  N aO H  arc 
g iv en . T h e  p o s itio n  o i th e se  ab so rp tio n  b an d s  o f  d iffe ren t N uB  are sh o w n  in T able 1. A s can  
be seen  in F ig u re  2, th e  ab so rp tio n  o f  B rU  in the sh o rt w av elen g th  reg ion  d ec reased  upon  
ad d itio n  o f  N a O H  o w in g  to  the  decrease  in its equ ilib riu m  concen tra tion , w hile  new  abso rp tion  

b an d  a p p e a rs  in  the  lo n g  w av e len g th  reg io n  o w ing  to  the  fo rm atio n  o f  h y d ro g en  bonded  
c o m p le x . In  th e  c a se  o f  A m U , th e  in tensity  o f  the  b an d  in c reases w ith  a red  sh ift d u e  to  the 
fo rm a tio n  o f  th e  c o m p le x  as sh o w n  in F ig u re  2b. A n isosbcstic  po in t is a lso  o b se rv ed  in every
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case as shown in Figures 2(a, b) indicating the presence of an acid-base equilibrium between
the reacting species.

Table 1. Frequency shift (6v = 'vh - v; ) on hydrogen bond formation (frequencies in cm1).

System vf v* Sv

BrU 36364 32787 3577
uracil 36765 33557 3208
thymine 37736 34483 3253
AmU 33557 32258 1299

Figure 3(b) 
1 1

F igure  3. Plots of ^ ^ VS j j for the determination of equilibrium constant ; (a)
: A(BrU + water), □ (BrU + EtOH), o(uracil + EtOH) and •(thymine + water) (b) A(BrU + 
piperidine + EG), •(thymine + piperidine + EG), D(AmU + NaOH + EtOH) and o (AmU + 
water + NaOH).
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The method of Kctelaar et al has been followed in the present investigation in calculating 
the association equilibrium constant of the hydrogen bonded complexes (Kg) from eq. (1) [7,8].

1 ___1_________ 1____  _ 1 _  1
A - A ,  ~[PAB\  Ah - A t ' Kk + Ah - A f ' (1>

where Aj and Ah stand for the absorbance of free proton donor (NuB) and the hydrogen 
bonded complex, respectively and A that of a solution of donor where the concentration of the 
proton acceptor base PAB is [PAB1. On extrapolating the straight line obtained from

■jZ/T vs [Tvifl] P*ot 10 l^e P°*nt where =0, Kg was obtained for all the cases as

K = -----1— . The plots arc shown in Figure 3 and the K , values are displayed in Table 2. The
plots arc linear in all cases indicating I : I complex formation in these systems.

It can be seen from Table 1 that the frequency shift caused by the hydrogen bonding 
decreases almost in the order BrU > uracil > thymine > AmU in all the protie solvents used here. 
This order of frequency shift is in complete accordance with that of the equilibrium constant 
given in Table 2 only in water in presence of NaOH. It seems certain from the results that 
interaction of BrU with NaOH m water is the strongest and AmU with piperidine in alcohols is 
the weakest. It is also noted that AmU does not have any interaction in ethylene glycol (EG). 
This is consistent with the fact that AmU is a stronger base and weaker proton donor, due to 
the presence of NH2 compared to those of thymine and BrU. The CH, group present in thymine 
is known to be practically inactive, the C-H compounds arc not usually hydrogen bonding 
acids [ 10] and Br group is electron withdrawing. On the otherhand, the proton acceptor which 
forms the strongest hydrogen bond exerts the larger perturbation on the absorption spectrum 
of the proton donor. Our results (Table 2) show that the interaction is stronger when NaOH is 
used as acceptor base. It is also noted that with the same proton acceptor base, the frequency 
shift of the tttt* bands of the proton donors due to hydrogen bonding is quite systematic. That 
is hydrogen bonding shift decreases with basicity ol the proton donor. On the basis of 
equilibrium constant measurements, it can be said that the proton donating power has the 
order BrU > uracil > thymine > AmU

T a b ic  2 . E quilibrium  c o n ta in  <Kr) o f hydrogen bond form ation in different solvents

P ro to n  d o n o r

BrU

BrU

BrU

U racil

U racil

U racil

th y m in e

th y m in e

th y m in e

A m U

A m U

A ccep to r Solvent K dinVmoi Range ol |accep lo r | 
mol dm *

NaOH W ater 2 7  x 10* 1 1 -  4.8 x  I t)4

NaOH EtO H 2 4 x 10* 2 5 8 (> x 10 4

piperid ine EG 5 8  x 102 I o -  6 9 x 10 4

N aOH W ater 2.4 x 10' 1 6 - 9 5 x 10 4

NaOH HtOH 2.1 x 10* I 5 _ 9 K x 10 4

p iperid ine EG 4.2 x K)2 1 5 -  8.0 x 10-*

N aOH W ater 2.0 x 10* 0.5 -  9 2 x 10 4

NaOH EtO H 2 6  x 10* I () -  8.5 x i t r 4

piperid ine EG 5.6 x 102 1 0 -  9.0 x 10 *

NaOH W ater 2.0 x I0 2 0 5 -  8 5 x 10 *

N aO H E tO H 0.5 x 102 1 .5 _ 9 5 x  10 *
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Due to the presence of NH2 group in AmU, the electron density around nitrogen atom 
will increase thereby increasing the basicity of AmU. For the formation of a stable hydrogen 
bond N -  H -  B, the only requirement of the acceptor is that the charge distribution of the 
N-H bond orbital be such as to have the proton sufficiently unscreened. Hence, the interaction 
is weaker and the equilibrium constant with AmU is lower as expected due to the increased 
electron density around nitrogen atom and lowering the equilibrium constant by about one 
order of magnitude. This is due to the lowering ot the electrostatic energy. The delocalisation 
or charge transfer force means the stabilization due to electron migration from a non-bonding 
orbital of the proton acceptor base to N-H anti-bonding orbital of the proton donor. In the 
present systems, both the charge transfer force and the electrostatic force have contributions 
for the stabilisation of hydrogen bonding.

It may be argued also that under the influence of the electron donor bases, the 
cj-clectrons associated with N-H bond will be pushed towards the nitrogen atom and the 
resulting increase in the electron density around the nitrogen atom will lead to a decrease in the 
binding energy of the sp1 hybridized lone pair of nitrogen. As a result, their interaction with the 
ring ^-system will increase accounting for the shift and enhanced intensity of the spectra of 
the hydrogen bonded species [4]. It is to mention here that because of the presence of electron 
deficient nitrogen atom and owing to the high polarity of the imino (>NH) group, NuB can 
preferentially act as proton donor.

One more point to mention is that we are unable to detect any spectral change by the 
addition of bases like triethylaminc (TEA) or piperidine in acetonitrile and acetone containing 
NuB. Moreover, it is observed that the interaction is always stronger when water is used as 
solvent and weaker when ethylene glycol is used. This seems to indicate that there may be 
some interaction between protic solvents and NuB as shown in Figure 1. The interaction is 
expected to be stronger now since hydroxyl group is much more stronger proton donor than 
imino group.

In conclusion it can be said that there is interaction between nucleic acid base and 
NaOH or piperidine only in protic solvents where NuB acting as proton donor. This donor- 
acceptor interaction is absent only in the case of AmU only when ethylene glycol is used as 
solvent. This indicates that solvent must have an important role in this donor-acceptor 
interaction.
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