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Abstract—Enthalpy and formation constants of 1:1 and 1:2 complexes, constants and enthalpy of naphthols
isomerization into tautomeric ketones at interaction of Al&nd naphthols and dihydroxynaphthalemesse
measured.

In preceding communications [1, 2] we reported onsolutions and viceversa. Thecalculations were done
thermodynamics of complexing between substitutecilong equation(1).
phenols and aluminunbromide. We established a
relation between enthalpyAfp, formation constants AH, = AH+0.5AH(ALBrg) - AHg, (1)
(logK) of complexes and Hammett's-constants. It
was demonstrated that the formation enthalpy of triplevhere AH,; . ) and AH,(, . ) are respectively forma-
complexes A4&) of polyalkylphenols may be suf- tion enthalpies of 1:1 and 1:2 complexes (kJ ﬁ1pl
ficient for reconstruction of the aromatiz-system AH(AI,Brg) is dissociation energy into monomer of
into a cross-conjugatedone. As a result arise AlyBrs, AHg is experimentally measured heat evolu-
Comp|exes of a tautomeric ketform. tion of reaction,AHSO,V is solvation effect.

The phenol-dienone tautomerism initiated by In @ scheme below are presented two possible
complexing was first discovered in the study ofcomplexing paths for 2-naphthal)( First possibility
interaction between 1- and 2-naphthols witiCl, includes conversion into a complex of hydroxy form
and AIBr, [3]. It turned out that methyl-, phenyl-, Il followed by isomerization into keto form complex
halo-, and hydroxyderivatives ohaphthols with Il and then transition into triple complet/; the
AICI, and AIBr, at concentration of the substrate upsecond way consists in fixing of the tautomeric keto
to 1 mol I'* also were quantitatively converted into form of 2-naphtholV with formation of the same
complexes of ketoform [4, 5]. complexeslll, IV .

As expected, the heat evolution in reaction of
aphthols with A}Brg was higher than that gshenol,

-, 3-methyl-,2,3-, 3,5-dimethyl-, and 2,3,5-trimeth-
rﬁphenols. The character of relatiohT = f(n/ny)

, and ny are molar fractions of acceptor and donor
respectively) suggests that in the solution arise two
types of complexes, of 1:1 and 1:2 composition.

In order to test this assumption we carried out Taking into account the spectral data [6] we presume
thermochemical measurements of the heat evolutiothat first forms an adduct of 1:1 composition
in reaction of naphthols and their derivatives with(AH.;.4y 77.5 kJ mol!) that is a complex ofll
AlBr; in bromobenzene. The heat evolution wastype whereas the 1:2 adduatt{ . ;) 102.6 kJ mol%)
measured by temperature growthiT§ during calori- is a complex oflV type. Themethylated naphthols,
metric titration of naphthol$V solutions with AIB; ~ 2-methyl-1- naphthol and 1-methyl-2-naphthol, give
P EEE— strongercomplexes with AIBg than those described
For communicationXVI, see [1]. above AHc(1:2) 107.2,108.1 kJ m()jr).

The ease of naphthols isomerization into ketone
complexes suggests that the enthalpy of compleg
formation AH.) is higher with naphthols than with
phenols, and it considerably surpasses the energy
the tautomeric transformationAkl;) into the cor-
responding ketones.

*
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At measuring the heat evolution in reactionlgR-  particular, 3-hydroxy-5,5-dimethyl-2-cyclohexen-1-
and 1,4-dihydroxynaphthalenes with AlBrwas one in solution just under common conditions
observed HBr liberation, and we were obliged toconverts into 5,5-dimethylcyclohexa-1,3-dior&].
reduce the initial temperature of solution t6C3  Therefore it is presumable that under the experi-
2,3- and 1,7-dihydroxynaphthalenes were sparinglymental conditions the 1:2 complexes &f4- and
soluble in bromobenzene and dibromomethane, antl,3-dihydroxynaphthalenes exist as diketo tautomers
their complexedorm a separate phase. Therefore thevil and IX.
thermal effects given in the table for these compounds
are of approximate character.

Higher values of formation enthalpy for the 1:2 Q- AlBr, Q- AlBr,
complexes with AIBg of 1,3- and 1,4-dihydroxy- H 0.5A1,Br, g
naphthalenes as compared to those of naphthols is due O‘ H H
apparently both to the higher basicity of the com- H
pounds and by the tendency of the complexes to trans- OH O-AlBr,
form into diketo form [4, 5]. VI v

The ability of 1,3- and1,4-dihydronaphthalenes to Q- AlBr, O- AlBr,
form diketocomplexes (there is nsuch data with 0.5AL,Br, H
respect to 1,2-isomer) is due to tHact that the O‘I H
hydroxy group in complexe¥! and VIII is enol in d 4 OH O-AlBr,
essence. The rearrangement of enols into the cor-
responding ketones does not require mecdiergy. In vill X

Thermodynamic characteristics of complexes of naphtholsiasid derivativesvith AlBr, (bromobenzene, 2€)

-AH, ,, -AH, -AH, ,, -AH; logk, | logk, | logk; |logK, 4
Compound kJ mol™* kJ mol™* kJ mol™* kJ mol™*

1-Naphthol 77.5 102.6 -2.5 27.6 8.9 -04 4.8 13.3
2-Naphthol 77.9 1034 -2.1 27.6 9.0 -0.3 4.8 13.5
2-Methyl-1-naphthol 78.7 107.2 0.9 27.6 9.1 0.2 4.8 14.1
1-Methyl-2-naphthol 78.8 108.0 1.6 27.6 9.1 0.3 4.8 14.2
1,4-Dihydroxynaphthalene 86.3 113.9° 0 27.6 10.5 0 4.8 15.3
1,2-Dihydroxynaphthalene 114.7
1,6-Dihydroxynaphthalene 87.5 102.6°
1,7-Dihydroxynaphthalene 84.2 101.7°
2,3-Dihydroxynaphthalene 87.9 103.8°
2-Methyl-2-dichloromethyl- 130.2
dehydrotetralone

& Titration at 5C, solvent CHBr,,. b 2,3-,1,6- andl,7-dihydroxynaphthalenes as suspension, complexes fa@eand liquicdbhase.
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It is not impossible that the complex df,2-di-

hydroxynaphthalene possesses a chedatecture as

those of pyrocatechol or 1,2-naphthoquinone.

The fact that no diketo complexes were detecte
even in the presence of a significant excess of AIBr
with dihydroxynaphthalenes having the hydroxy

groups in different rings [6] icausedfirst of all by
the necessity of transforming two aromatiags in
the unsaturated cross-conjugated syste8iace the
distortion of aromaticity of one naphthalengng
requires ~56.3 kJ mol!, and of the seconding

~71.4 kJ mot! [9] then the enthalpy of transforma-

tion into complexes of diketdorm for 1,6- and

1,7-dihydroxynaphthalenes should amount to no les
than 127.7 kJ mol. However the measured thermal
effects of complexing ofl,6- and 1,7-dihydroxy-

naphthalenes are not darge.

1113
EXPERIMENTAL

The calorimetric titration was carried out under

éjry atmosphere at 2€. As recommended in [10] we

used for calorimetric fluid the dry bromobenzene.
The direct titration was carried out by addition of
naphthol solutions to I8 mol I* solution of AIBr,,

at reversed titration procedure vice versa to a
1073 mol I" solution of naphthol was added a solution
of AlBrs. The 1,7- and2,3-dihydroxynaphthalenes
were present in suspension, and their complexes
separated into a specildyer. Reaction ofl,2- and
1,4-dihydroxynaphthalenes with AlBwas performed

in CH,Br, at 3C. As calorimeter was used a Dewar
ask with its proper heat capacity of 200 J.
A Beckmann thermometer served as zereader.
The temperature control was withifi0.01°C, the
dilution heat was taken into account in the calcula-

Taking in the first approximation for the entropy tion. Theaccuracy of measurements wezkJ mot?.

of interaction of naphthols and dienones with AllBr
K

the same value as measured for phenalS &8 J

Enthalpy of dimer A}Brg dissociation was taken as
55.7 kJ mot! [11]. 2-Methyl-2-dichloromethyl-1,2-

[3]) we calculated the constants of complex formationdihydronaphthalen-1-one (mp €58°C) was syn-

[equation (2)].

thesized by chloromethylation of 2-methyl-1-naphthol

[12].

logK;+logK,+ logK; = logK, 4 2)

The logK; ; value was estimatedfrom the 1.

principal equation of thermodynamics. In the table

are given both the values of constants of separate2.

complexing stages and overall constantgpémticular,

the equilibrium constants of the first stage of reaction 3.

between 1- and 2-naphthols and AdBare equal to

2.5x10° and 3.1x10° respectively, the constants of 4.

the second stage are 2.5 aBd), andthose of the

third stage 6.% 10" Since the constant of thiird 5.

stage is significantly greater than that of the first

stage, thepresence of excess of AlBrover the 6.

equimolar quantity shifts the equilibrium to the triple
complex.
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investigated the thermodynamics of AlBreaction g
with naphthols and their derivatives, and complex
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the equilibrium is shifted to keto form complexes. 1¢.
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