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The dissociation constants and chemical shifts of hydroxyl group of seven 3-, 4- and 5-substituted 
2-hydroxy-6-methyl-benzophenones were measured. The effect of basic solvents on the ultraviolet 
and infrared spectra of these compounds has been studied. The equilibrium constants of the 
extinction of intramolecular hydrogen bond were determined on the basis of changes in the ultra
violet spectra of studied compounds caused by addition of pyridine. The linear correlation of the 
dissociation with the equilibrium constants has been found. Comparison of the corresponding 
quantities for 2-hydroxy-4,6-dimethylbenzophenone and 2-hydroxy-4-methylbenzophenone 
revealed that the introduction of methyl group into position 6 brings about a weakening of intra
molecular hydrogen bond. The effect of solvents on the absorption spectra has been explained 
in terms of the extinction of intramolecular hydrogen bond. 

Physico-chemical properties of 2-hydroxybenzophenone derivatives have attracted much atten
tion. Their characteristic properties such as high absorption in near ultraviolet region l - 3 , high 
photochemical stabiIity4 and efficiency as light stabilizers5 have been attributed to the presence 
of an intramolecular hydrogen bond in their molecule. Shulgin and Kerlinger6 observed very weak 
intramolecular hydrogen bond in 2-hydroxy-4,6-ditert-butylbenzophenone. On the other hand, 
O'Conne1l7 found that photochemical stability of this compounds in various solvents is compar
able with that of 2-hydroxybenzophenone. 

In this paper we report on some physico-'chemical quantities, and spectral properties 
of a series of 3-, 4- and 5-substituted 2-hydroxy-6-methylbenzophenones. As another 
aim of this study was to evaluate changes in intramolecular hydrogen bond caused 
by introduction of a substituent to position 6, the results obtained were confronted 
with those reported by us for 2-hydroxybenzophenone derivatives3

. 

EXPERIMENTAL 

The preparation of 2-hydroxy-6-methylbenzophenones studied is described elsewhere8
. The 

melting points are given in Table II. The ultraviolet absorption spectra were taken on an Unicam 
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SP 700 A Spectrophotometer. The precise measurements of absorbance were carried out on an 
one-beam non-registrationing Zeiss VSU-1 Spectrophotometer (Zeiss, Jena). The NMR spectra 
were measured with Tesla BS 487 (80 MHz) Spectrometer (Tesla, Brno), using samples of total 
weight of 0·7 g containing 40- 50 mg of a studied compound. Deuteriochloroform was used as the 
solvent and hexamethyldisiloxane as the internal standard. The infrared spectra were taken on an 
Unicam SP 200 Spectrophotometer using 0·1 mm cells. ·Chloroform and a mixture of pyridine 

TABLE 1 

Physico-Chemical Constants of 2-Hydroxy-4-methylbenzophenone (I) and 2-Hydroxy-4,6-di
methylbenzophenone (II) 

Quantity Compound I Compound II 

pK' 10·56 ref. 11 a 10'08 
!OH -1'93 ref. 3 0·77 
v(c=O), cm 

-1 1 638 (1 640)b 1 635 (1 670)b 

e(A'340' nm) 5 500 (5 750)C 3450 (940)C 
K,1 mol- 1 1·70 

a Measured in 50 v. % ethanol. b Measured in 50 v. % pyridine in chloroform. C Measured in 25 v. 
% pyridine in chloroform. 

TABLE II 

The Dissociation and Equilibrium Constants and the Chemical Shifts of Hydroxyl Group of 
2-Hydroxy-6-methyibenzophenone Derivatives 

Compound R 

4-CH3 
2 3-CH(CH3)2 

3-C(CH3 )3 

4 3-CsH ll 
3-CH(CH3}z; 5-Br 
3-C(CH3h; 5-CH3 
3-CSH ll ; 5-CH3 

M.p. 
°C 

140 
104 

125- 126 
74 
74 

89- 90 
85 
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pK' K !OH 

imoi- 1 p.p.m. 

10·08 1·70 0·75 
10·43 0·63 0·89 
10·65 0'17 0'49 
10·93 0'16 0·57 
9·61 0·94 1·62 

10·47 0·28 1·28 
10·82 0'10 1·43 
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and chloroform, were employed as the solvents. The pH measurements were carried out on a pH
Meter 4 (Radiometer, Copenhagen) equipped with a glass electrode (Type G 200 B) and a satur
ated calomel electrode (Type K 100). The glass electrode was standardized with 0'05M-Na2B407 
to pH 9·18 at 25°C. 

Dissociation constants were determined spectrophotometrically from the absorption spectra 
of the compounds in O' lM-HCI and O·lM-NaOH in 40 v. % methanol, following changes in absor
bance at the wavelength at which the difference between absorbances of the ionized and nonionized 
form is maximal. Borate buffer containing 40 v. % of methanol was used in this measurement as 
a medium for this determination. The concentration of a compound studied was 10-4 mol/ I and 
absorbance and pH were measured at 25 ± 0·1 °C. The pK's were calculated from relation (1) 
(ref. 9) 

pK = pH - log (AHA - A)/(A - AA-) - log y, (1) 

where pK = - log K, AHA and AA- is the absorbance of nonionized and ionized form, A is the 
absorbance at a given pH, and y is the ionic strength, the effect of which we did not taken into 
account in the calculations. For this reason we denote the pK constants obtained as pK'. 
The dissociation constants were determined as an average of five measurements, the measuring 
accuracy being ±0'05 pK'. 

Equilibrium constants were determined from changes in absorbance of long-wavelength ab
sorption band in mixtures of chlorofom- pyridine solutions. The concentration of pyridine varied 
within 0,1 - 2·5 mol/I. The equilibrium constants were calculated according to relation (2) (ref. 10). 

l/(Ao - A) = 1/ (Ao - AD) Kd - l/(Ao - AD) , (2) 

where Ao and AD is the absorbance in chloroform and pyridine, resp., A is the absorbance in a 
chloroform-pyridine mixture, K is the equilibrium constant in llmol, and d is the concentration 
of pyridine in mol/I. The dependence of l / (Ao - A) on l/d proves to be linear (Fig. I) and from 
the ratio of the slope and its abscissa the equilibrium constant were calculated. The measurements 
were carried out at 25 ± O·l °C. Both methanol and chloroform used for spectral measurements 
were of spectral purity. Pyridine (analytical purity grade) was distilled before use. 

RESULTS AND DISCUSSION 

Comparison of chemical shifts of hydroxyl group of 2-hydroxy-4-methylbenzo
phenone (I) and 2-hydroxy-4,6-dimethylbenzophenone (II) shows that the intra
molecular hydrogen bond in compound II is weaker than in compound I (Table I). 
This conclusion can be extended to all 2-hydroxy-6-methylbenzophenone derivatives 
studied (see Table II). The comparison of dissociation constants of compounds I 
and II supports this conclusion. . 

OH 
I 

H3C-<- )-co-(- > 
\ 
CH3 

II 
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TABLE III 

Position of Long-Wavelength Absorption Band for 2-Hydroxy-6-methylbenzophenone Derivatives 

Com- Chloroform pyridineb Methanol 
----~ ----~ 

pounda Amax ).max ).max 

nm nm nm 
--~-----

342 3450 
2 350 2880 340d 620 

356 1560 340 1600 
4 353 3370 335 780 340 1350 

364 3380 338 800 
353 2490 340 550 350 1060 
364 2500 340 780 345·2 1070 

a For numbering of compounds see Table II. b Pyridine contained 10 v. % of chloroform. C No 
absorption band or shoulder has been observed in the 300-400 nm region. d Shoulder. 

The effect of pyridine on the long-wavelength absorption band in the ultraviolet 
spectrum of compound II (Fig. 2) and on the position of the carbonyl group in its 
infrared spectra may be attributed to a weakening or extinction of intramolecular 
hydrogen bond (see equilibrium (A)). 

(A) 

The intramolecular hydrogen bond in compound II enables the carbonyl group 
to interact with the hydroxyl group in the plane of the aromatic ring, and thus its 
extinction affects also this interaction, which leads to the decrease of intensity, 
respectively the extinction of the long-wavelength absorption band 1- 3. The intro
duction of methyl group to position 6 results in weakening of the intramolecular 
hydrogen bond, which is accompanied by enhanced sensitivity of the bond in com
pound II toward basic solvents. The above substitution affects also an electronic 
interaction between the carbonyl and the hydroxyl group that leads to the formation 
of the long-wavelength absorption band. This phenomenon has not been observed3 

in the case of compound I. A more bulky tert-butyl group in position 3 - due to its 
steric effect - makes the formation of intramolecular hydrogen bond impossible 
even in nonpolar solvents6

, which manifests itself in disappearance of long-wavelength 
absorption band 7 • 
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The equilibrium constants determined on the basis of changes of absorbance of the 
absorption band at longest wavelength brought about by addition of pyridine show 
that the substituent in position 3 has a stabilizing effect on the intramolecular hydro
gen bond - likely due to its steric effect. (Table II). This effect is obvious from 
inspection of Table III, which presents the positions of the longest-wavelength 
absorption bands for 2-hydroxy-6-methylbenzophenone derivatives in pyridine and 
methanol. In the spectra of the compounds substituted in position 3 by bulky groups 
the absorption band is preserved, while in 2-hydroxy-4,6-dimethylbenzophenone 
it disappears. In pyridine as a more basic solvent this band is strongly supressed 
even in the above 3-substituted derivatives. 

The equilibrium constants and the chemical shifts of 2-hydroxy-6-methylbenzo
phenone derivatives do not change in the same way (Fig.3). Chemical shifts of 
hydroxyl group of studied derivatives are divided into two groups. For compounds 
1-4 (Table II) the chemical shifts decrease, in accordance with decreasing values 
of equilibrium constants. The chemical shifts of compounds 5 - 7 (Table II), which 
are substituted also in position 5, are higher ' than those of compounds 1-4, which 
may be indicative of weakening of intramolecular hydrogen bond. 

In contrast, the equilibrium constants for compounds 5 - 7 are comparable with 
those for derivatives 1-4. It seems that these contradictory results are a consequence 
of unequal effect exerted by substituents in position 5 of derivatives 5 - 7 on the 
chemical shift and the equilibrium constant. 

10 

1/(A,,-AJ o 

1/a 
10 

FIG. 1 

Plot of I/(Ao - A) versus lid for a 2-
Hydroxy-4,6-dimethylbenzophenone(1I)- Py
ridine System 

loge 

350 

FIG. 2 

Ultraviolet Absorption Spectrum of 2-Hyd
roxy-4,6-dimethylbenzophenone (II) in Chlo
roform(Curve 1),O·lM-HCI- 50v.%Metha
nol (Curve 2), and Pyridine (Curve 3) 
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We found that there exists a good correlation between equilibrium and dissocil\.tion 
constants. In both cases we deal here with an equilibrium including the extinction 
of intramolecular hydrogen bond. In the case of equilibrium constants the extinction 
of intramolecular hydrogen bond is connected with the formation of a complex 
the two components of which are bonded by intermolecular hydrogen bond. In the 
case of dissociation constants the extinction is connected with the dissociation 
of proton. The fact that the spectrum of 2-hydroxy-6-methylbenzophenone in aque
ous-methanolic alkaline solution;differs from that measured in pyridine clearly shows 
that in pyridine the intramolecular hydrogen bond is broken and further that the 
ionization does not take place. The equilibrium and dissociation constants of studied 
derivatives reflect mainly the steric effect of substituents in position 3. However, 
derivative 5 does not fit this correlation (Table II), likely due to operation of electronic 
effect of bromine attached to position 5. This indicates that while substituents affect 
by its steric effects both constants in the same way their electronic effect may operate 
in different way. If the effect of substituents were at least in part transferred via 
intramolecular hydrogen bond, then substituents should have exterted essentially 
the same effect on equilibrium constant as on the chemical shift of 2-hydroxybenzo
phenone derivatives 3

• 

Comp3.rison of chemical shifts of the hydroxyl group with data on solvent effects 
on the ultraviolet absorption spectra of 2-hydroxybenzophenone3 and 2-hydroxy-
6-methylbenzophenone derivatives leads to the following sequence of the strength 
of intramolecular hydrogen bond in various solvents. 2-Hydroxybenzophenone 
derivatives possess a strong intramolecular hydrogen bond in nonpolar media. 
In polar solvents the bond is weakened, the ultraviolet spectra are, however, only 
little affected. The introduction of methyl group into position 6 results in a weakening 
of intramolecular hydrogen bond. In polar solvents this bond disappears, which 
exhibits itself in the ultraviolet absorption spectra of these compounds. 

The study of chemical shifts of the hydroxyl group and of spectral properties 

FIG. 3 

Dependence of log K on pK' for 2-Hydroxy-
6-methylbenzophenone Derivatives (/). 

For numbering of compounds see Table II 
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of 2-hydroxybenzophenone3 and 2-hydroxy-6-methylbenzophenone revealed that 
there is an interrelation between intramolecular hydrogen bond and absorption 
properties of studied derivatives. This interrelation sheds some light on the corre
lation found between the strength of intramolecular hydrogen bond of 2-hydroxy
benzophenone derivatives and their efficiency as light stabilizers5

• However, according 
to O'Connel7 the intramolecular hydrogen bond does not playa role in the desactiva
tion of excited state. This conclusion has been drawn from comparable photochemical 
stability of 2-hydroxy-4,6-ditert-butylbenzophenone with 2-hydroxybenzophenone. 
However, data available do not allow to predict conclusively as to how the extinction 
of intramolecular hydrogen bond will affect the photochemical properties of 
2-hydroxy-6~methylbenzophenone in a polar solvent. 

The authors thank Dr R. Palovcik for NMR measurements. 
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