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Some model compounds for intramolecular hydrogen bonding are pre- 
sented. The nmr, IR, UV and fluorescence spectra are shown to be suited for the 
study of such hydrogen bonds. 

( Keywords : Hydrogen bond; l ntramolecular proton tranffer ; Mannich bases') 

Intramolekulare Wechselwirkungen, I. Einige Mannich-Basen von Naphtholen 
al8 Modellverbindungen fiir intramolekulare Wasserstqffbriickenverbindung 

Eine Klasse yon Verbindungen zur Untersuchung yon intramolekularen 
Wasserstoffbrticken wird vorgestellt. NMR-, IR-, UV- und Fluoreszenzspektro- 
skopie sind bestens geeignet, derartige Wasserstoffbrficken zu studieren. 

Introduction 

A hych'ogen bond is an associative interaction between molecules contain: 
ing a polar H--A-bond and an electron donor. Such molecular complexes 
are characterized by a unique geometry and by relative high energy of 
interaction; the energy varies from - - 2  kJ /mol  (e.g. CHCla-benzene ) to 
- - 1 6 0  kJ /mol  (e.g. F - - H - - F  ). Symmetr ic  and asymmetr ic  hydrogen 
bonds are represented as A - - H "  B or A - - H - '  B. A and B are a toms 
with greater  eteetronegativi ty than  hydrogen. I f  A and B belong to the 
same molecule intramoleeular  hydrogen bonding is possible if the 
spatial  configuration is favorable.  Hydrogen  bonds determine the 
s tructure of molecules and molecular clusters in chemistry and bio- 
chemistry thus leading to a large number  of publications dealing with 
thermodynamic  and spectroscopic behavior  of hydrogen bondingl-4 as 
well as with the dynamics of the proton within the bridge eventually 
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leading to proton transferS-L One of the most thoroughly investigated 
systems is the intermolecular association between phenols and aliphatic 
amines s-la. The thermodynamic and dynamic behavior of these com- 
plexes is sometimes difficult to s tudy because of additional dissociation 
or association phenomenal~-ls, ~a. An analogous system with intra- 
molecular hydrogen bonds is represented by Mannich bases, which 
have been investigated recently 19 e3 

Experimental  evidences for hydrogen bonding is provided by the 
following : 

1. Atoms or molecules forming hydrogen bridges come closer 
together than the sum of their van der WaaIs radii would allow. 

2. Hydrogen bonding increases the polari ty of the molecules and 
decreases the electron density at the proton in the hydrogen bond. The 
former effect leads to a higher dipole moment  than the vectorial 
addition of the isolated moments would suggest, especially if proton 
transfer along the hydrogen bond takes place. As a consequence of the 
latter effect the nmr chemical shifts appear at lower magnetic fields. 

3. The H - - A  bond length is somewhat increased in the hydrogen 
bonded complex and consequently, the stretching vibrations in the Ii~ 
spectra are shifted to smaller wavenumbers. 

In aprotic solvents proton transfer in the excited state takes place 
only in hydrogen bonded complexes: Proton  transfer on electronic 
excitation is a result of the difference in ionization constants of 
compounds like phenols, naphthols or aromatic amines 24-27 between 
the ground state and the excited state. Scheme 1 illustrates the proton 
transfer caused by light absorption: 

Scheme 1 

3 
A*H ..1_ -'-- A*'+ H" 

AH .--" A--~ H + 

4 

The excited molecule A* can fluoresce or loose its energy by 
nonradiative conversion or it can dissociate into the excited anion A-* 
and a proton. A-* returns to the ground state by fluorescence or other 
processes and then it can accept a proton to reform A. Diffusion 
controlled dissociation of the proton ,(3) is fast enough only in Strongly 
polar media, like water ~s,29. In presence of proton acceptors forming 



Intramoiecular Interactions 565 

hydrogen bonds to A, reaction step (3) is sufficiently fast again, so that 
excited state proton transfer occurs to a large extent ~~ 

In the present paper we want to introduce a model system for 
hydrogen bonding, which may be used for an extensive spectroscopic 
study of the thermodynamic and dynamic behaviour of intramolecular 
hydrogen bonds, in particular it seems to be suitable fbr fluorescence 
spectroscopy. 

Scheme 2 

R1 
R R2 R R1 

(CH2)5 H (CH2)s OCH3 
(CH2)~, Br (CH2)4 H 

(CH2)20(CH2)2 (CH2)20 (CH2)2 Br 
NO2 

Results and Discussion 

NMR Spectra of Compounds of Type I and I I  

The determination of the chemical shift of the proton in the 
hydrogen bridge is a quite sensitive experimental method for detection 
of hydrogen bonding. Figure 1 shows the nmr spectrum of a compound 
of type I. The signal of the bridge proton is found at very low field 
strength for all compounds of type I and II  (between 9.8 and 14.0 ppm), 
typical for strong hydrogen bonding* 2-36. The value of ~o.-H-x depends 
on the substituents of the aromatic ring and on the nature of the nitrogen 
base, in particular on the strength of the hydrogen bond. In addition, 
the absorption of the bridge proton is highly sensitive to relatively 
small amounts of water and to temperature changes. Precise analyses of 
the chemical shifts of the hydrogen bonded proton and the line shape of 
the signal, as well as of the 13C nmr spectra will be given elsewhere 37, 3s 

IR Spectra of Compounds of Type I and I I  

The stretching vibrations of the A- -H or B - - H  bonds are very 
sensitive to hydrogen bonding3,22,39,40 The characteristic part of a 
typical IR spectrum of a compound of type II is shown in Figure 2. 
Even in a relatively polar solvent, like perdeuter~ted aeetonitrile, there 
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O-H'"'N j ~  

10 5 0 ppm 

Fig. 1. 1H-nmr (100MHz) of 6-bromo-l-piperidinomethylene-2 naphthol in 
CDCls, T M S  as internal standard. T = 33 ~ 

100 �9 

% 

60 

20 

3000 cm "1 2000 
Fig. 2. IR  of 6-bromo-1-piperidinomethylene-2-naphthol in CDaCN. A c = 0.1~o; 

B c = 0.01% 

is no a b s o r p t i o n  co r re spond ing  to  a free 0 H b o n d  ( ~  3,500cm-1) .  
The  b r o a d  s ignal  be tween  2,500 cm -1 a n d  3,200 era-1 ind ica tes  s t rong  
h y d r o g e n  bonding .  D i l u t i o n  (1:10) changes  t he  I R  spe c t r a  on ly  
s l ig th ly .  This  is a s t rong  a r g u m e n t  in f a v o u r  of  an i n t r a m o l e e u l a r  
h y d r o g e n  bond .  
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Electronic Absorption Spectra of I and I I  

Generally, hydrogen bonding causes a bathochromic shift for 
chromophores acting as proton donors3, ~o. A comparison between the elec- 
tronic absorption spectrum of 4~-methoxy-l-naphthol and its reaction 
product  with piperidine and formaldehyde (4-methoxy-2-piperidino- 

E 

1.5 

fO- 

0,5- 

8 

I I 
300 350 

~1 (nm) 

Fig. 3. UV spectra of 4-methoxy-l-naphthol (A) and 4-methoxy-2-piperidi- 
nomethylene-l-naphtho] (B) in aeetonitrile (A : c = 2 , 5 "  10 -4 mol/1; B: 

c = 2,5-10 4 tool/l) 

methylene- 1-naphthol) shows a red shift, of the absorption maxima,  as 
demonst ra ted  by the spectra in Fig. 3. In  case of electron a t t ract ing 
groups bound to the proton donor group of the molecule, proton 
transfer  may  occur within the hydrogen bond. 

A H---B ~- A . . . .  H - - B -  

Such tautomeric  equilibria are characterized by  the appearence of a 
new band at  higher wavelengths. In termolecular  proton transfer  
reactions in phenol-amine systems have been widely investigated using 
UV and visible spectroscopy 2,13,Iv,m,40,41. The broad band at lower 
frequency corresponds to the absorpt ion of the nonionized naphtholic 
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group of the molecule (Fig. 3), the more intense absorption at higher 
wavelengths is caused by the naphtholate  chromophor, which results 
from proton transfer from the oxygen t o  the nitrogen atom..Fig. 4 shows 
-two examples of spectra of compounds in which the prototropic equilibria 
are shifted more towards the proton transfer complex. The amount  of 

350 z.O0 450 
;~(nm) 

Fig. 4. UV spectra of 4-nitro-2-morpholinomethylene-l-naphthol (A) 
(c = 4,5' 10 .5 mol/1), and 4-nitro-2-piperidinomethylene-l-naphthol (B) 

(c = 4,5- 10 .5 mol/1) in aectonltrile 

proton transfer, as expressed by the equilibrium constant KpT is highly 
sensitive to the pK vMues of the proton aeeeptor and the proton donor 
groups. In compounds of type I and II  there is no evidence of proton 
transfer i fR  3 = CH30- -  or H - -  (Fig. 3), there is some proton transfer if 
Ra = Br, and if R a = NO2 there exists strong tendency for proton 
transfer within the hydrogen bond. 

Fig. 4 shows the influence of the nitrogen base on KpT: A com- 
parison of the electronic absorption spectra of 4-nitro-2-morpholino- 
methylene-l-naphthol  and 4-nitro-2-piperidinomethylene-l-naphthol 
clearly shows that  the proton transfer equilibrium is shifted much 
further  towards the zwitterionic form in the lat ter  compound. KpT is 
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not only influenced by the acidity constants of the proton donor and 
the acceptor, there is also a drastic influence of the solvent on the 
average position of the proton in the hydrogen bridg@l,4a,4q An 
increase in dielectric permit ivi ty leads to a stabilization of the strong 
polar proton transfer complex. Such a solvation effect is demonstrated 
by the spectra of 4-nitro-2-morpholinomethylene-i-naphthol in sot- 
vents of different polari ty (Fig. 5). In benzene solution the proton 

0 , 5  ~ 
c 

I L 
350 400 450 

?,(nrn] 

Fig. 5. UV spectra of 4-nitro-2-morpholinomethylene-Lnaphthol in benzene 
(A), aeetonitrile (B) and .ethanol (C) (c = 4,5" 10 -5 mol/1) 

transfer is very  weak ; in acetonitrile both forms of the proton transfer 
equilibrium are present, and in ethanolic solution the zwitterionic 
complex dominates. The zwitterionic form has the larger dipole mo- 
ment and is strongly solvated by  the polar solvent. Consequently it is 
stabilized relative to the less polar association.complex. 

Steady-State Fluorescence Spectra of i and I I  

Typical fluorescence spectra of compounds of type I and II  are 
shown in Fig. 6. The band at 365 nm corresponds to the fluorescence of 
naphthol,  the band at 420 nm can be explained by proton transfer in the 
excited state according to reaction step (3) in Scheme 1. The fluores- 
cence spectra of 2-naphthol or 6-bromo-2-piperidinomethylene-2-naph- 
thol in alkaline alcoholic solution show a similar peak at 420 nm. In 
contrast  to the behaviour of 2-naphthol in acetonitrile, where no proton 
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transfer  has been observed in the excited state, the amount  of proton 
transfer  in the excited states I and I I  is ext remely high ; in the lat ter  the 
proton is able to change its position rapidly because of the presence of a 
strong hydrogen bond. A similar effect has been observed in the case of 
intermolecular hydrogen bonded complexes 3s, 47 

The dependence of the excited state proton transfer  on the sub- 
s t i tuent  of the naphthol  ring, or on the nature  of the nitrogen base, as 

1 

400 500 
~(nrn) 

Fig. 6. Emission spectra of 4~methoxy-2-morpholinomethylened-n~phthol in 
cyclohexane (A) and in aeetonitrile (B) (Xex = 335 nm) 

well as on the solvent is shown in Table 1. Even in 4-methoxy-2- 
morphol inomethylene- l -naphthol  (a molecule with no proton transfer  
in the ground state) we found more or less complete proton transfer  in 
the excited state in acetonitrile and ethanol. Unfor tunate ly  no fluores- 
cence can be observed for compounds with nitro groups. Generally, in 
relatively polar solvents (acetonitrile, ethanol), proton transfer  in the 
excited state occurs to a large extent .  Cyclohexane, an apolar solvent, 
does not  favor  proton transfer. Only in some eases the fluorescence of 
the naphthola te  anion can be observed; the differences in ionization 
constants  between the ground s ta te  and the excited s tate  are not  so 
large here. 

Finally, we can conclude tha t  compounds of type  I and I I  contain 
intramolecular  hydrogen bonds and they seem to be convenient 
systems to s tudy the behaviour  of such intramolecular  bonds by  nmr-, 
IR- ,  electron absorption and fluorescence spectroscopy. Relat ively easy 
synthet ic  access to compounds with different subst i tuents  on the 
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aromatic ring or different nitrogen bases allows to vary the donor and 
acceptor properties of the atoms belonging to the hydrogen bridge, over 
a wide range. This enables us, to study the properties of hydrogen 
bonds with largely variable average positions of the central proton. 
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Experimental 

Substances of type I and 1I have been synthesized in analogy to procedures 
in literature 4s, 49 : 

0.1 reel of the amine was dissolved in 50ml ethanol and cooled with ice. 
10mI aqueous formaldehyde solution (~  37~) was added dropwise with 
stirring. After a few minutes a solution of 0.1 mol of the naphtholic compound 
in 30 ml ethanol was added and the reaction mixture was stirred for 30 rain. The 
resulting precipitate was filtered and recrystMlized twice in ethanol or aceton 
under argon atmosphere, In some eases it was necessary to warm up the 
reaction solution to about 50 ~ to complete the reaction. Table 2 gives a survey 
of the synthesized compounds and their melting points. 

The spectra have been recorded on a Varian XL 100-15 nmr spectrometer, a 
Perkin-Elmer 225 Jig-spectrometer, a Perkin-Elmer 575UV and visible spee- 
trophotometer and a Spex Fluorolog fluorescence spectrophotometer. 

Table 2. Synthesized compounds of type I and I I  

m.p. (~ 

2-piperidinomethylene- 1-naphthol 
4-bromo-2-piperidmomethylene-l-naphthol 
4-nitro-2-piperdinomethylene- lmaphthol 
4-nitro-2-morpholinomethylene- 1-naphthol 
4-nitro-2-pyrrolidonomethylene- 1-naphthol 
4-methoxy-2-piperidinomethylene- 1-naphthol 
4-methoxy-2-morpholinomethylene- 1-naphthol 
1-piperidinomethylene-2-n aphthol 
1-morpholinomethylene-2maphthol 
1 -pyrrolidin omethytene- 2-naphthol 
6-bromo- 1-piperidinome~hylene-B-naphthot 
6-bromo 1-morpholinomethylene-2-naphthol 

112 
95 

189 (Z) 
144--146 
169--171 
91--92 

134--136 
111--112 

114 
86--88 

110--111 
99--10I 
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