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Abstract : Results of the structural and molecular studies of threc basic ligands namely, (T)
2-hydroxy-5-methyl~isophthalaldehyde CyHgO4, (IT) 2-acetyl-6-benzoyal-4—methyl phenol
C,6H,405 and (1) 2,6-dibutyryl-4-methyl phenol C,5H,¢C,..which are precursors for
synthesising macrocyclic ligands, are reported here alongwith a discussion on other related
compounds which exist 1n the litcrature. All the three compounds are characterized by a strong
intra-molecular hydrogen bonding, which becomes stronger with the elongaton of side chains. It
is further apparent that, with the.additions of bulky groups or side chams, the compounds
transform to lower symmectry (1 c. onthorhombic —— monochme —— tnclinic) as far as the
crystalline lattice structure 1s concemed.

Keywords : Organic compounds, conformations, intra-molecular hydrogen bonding.

PACS Nos. : 61-10.-1, 61.10.My

1. Introduction : Chemical Aspects

It has become interesting to study thc bi-nuclear metal complexes derived from the
condensation products of 4-methyl-2,6-diformyl phenol [1] with various bi- and poly
functionized molecules [1-3]. These studies were made to address basically to have (i)
correlation of magnetic interactions with structural parameters, (ii) sclective fixation and
transport of substrates, (iii) catalysis of muiticenter-multielectronic processes, and (iv)
condensation of different substrates brought together and held in proximity. More recently,
there is growing awareness, to design suitable binuclcar copper(I) complexes that would
mimic the behaviour of emigmatic type 3 copper proteins particularly homocyamin [4-9].

It may be mentioned that all the reportcd studies are concerned with the metal
complexes derived from the condensation products of 4-methyl-2,6-diformyl phenol, but
nothing is known about other homologucs namely, 4-mcthyl-2,6-diacyl/benzoyl phenol. In
our Inorganic Chemistry division of this Institutc, Mondal and Nag [10-12] have
undertaken an extensive programmc of investigating binuclcar complexes of later
homologues. In the scheme (Figurc 1) synthetic stratcgics that have been adopted by these
workers to generate binuclcar copper(IT) complexes have been outlined. Compounds of the
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type (4) contain two strongly antifcrromagnetically coupled copper(Il) ions and they undergo
single step two-clectron transfers [10], the features typical of EPR-silent copper(II) proteins,
Contrary to thesc, complexes of the type 5, in which also copper(ll) ions arc very strongly
coupled, however, undergo scquential clectron transfers at two different potentials {11},
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Figure 1. Synthcuc strategies 1o generate binuclear copper complex

Complexcs of the type (7) contamn highly flexible ligand cnvironment and therefore, would
be expected 1o have interesting structural fcatures. Structural analysis of the complexes (4)
would be also highly desirable 1n as much as the two copper atoms arc not in identical
environment. Redox behaviour of the other type of complexes have turned out to be
interesting and it has been shown from clectrochemical vis-a-vis magnetic studies that in
the coupled systems the triplet not the singlet state undergoes reduction [11]. In order 10
understand major as well as subtle difference in reactivity of these complexes, structural
information about these specics are very much cessential.

In the light of all the above consideration, a scrics of structural investigations with
these compounds have been undertaken by the present authors in the X-ray laboratory in
collaboration with the chemistry division. This presentation summarizes the structural and
molccular studics of the following three basic ligands namcly,

) 2-hydroxy-5-meihyl- 1sophthalaldchyde-CoHgO4 (Figure 2), [13]
ah  2-acetyl-6-benzoyl-4- methyl phenol-CgH, 4O (Figurc 3), [14]
am  2,6-dibutyryl-4-mcthyl phenol-C) sH,( O3 (Figure 4), [15)

The sccond and third compounds arc the extensions of the first one in which the two
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hydrogen atoms in 1,3 positions arc replaced by the different chem ically active groups. The
compounds are also important in synthesising macrocylcs which would accommodate mctal

Figure 3 Oncp plot of 2-acetyl-6-benszoyal 4 methyl phenol, €y H, ,04.

aloms and serve as uscful biological modcls. Cell constants and other crystal parameters for
the compounds arc summarized in Table 1. The intensity data (L-P corrected) for all the
three compounds were collected on a CAD-4- Enraf-Nonius diffractometer at the RSIC (Bose
Institute, Calcutta). All the structures have been solved by Direct methods using the
programmes MULTAN-78 [16] and MULTAN-80 [17]. The relevant bond lengths (standard
deviations in the range of 0.005 - 0.01 A) and planarity of the molecules for all the three
compounds arc summarized in Table 2.
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Table 1. Crystal data.

Parameters Compound | Compound II Compound HI
Molecular formula CollgO, C,6H,405 C,sH200,

2 (A) 0.7114 07114 0.7114

a (A) 25.998(8) 11.836(5) 8.12(1)

b (A) 7.555(2) 8.706(2) 9.39(1)

c (A 3.944(2) 15.365(4) 10.31(0)

o 90 % 103.5

g’ %0 123.05(3) 91.9

Y 9% 9 114.1(1)

VAy 774.1(5) 1327.09 690.84

Dcalgem -3 141 1.27 1.19

Z 4 4 2

Space group P22 2 P21/ P1

No of observed

reflections

Fo>2 o (Fo) 526 1587 804

R-factor (%) 9.1 6.7 9.9

2. Results and discussions

All the three structures arc characterized by a very strong intra-molecular hydrogen bonding
between phenolic oxygen and the carbonyl oxygen in conformity with the NMR and IR

Figure 4. Onep plot of 2,6-dibutyryl-4-methy! phenol, C, 5115005,

spectra. This bonding is strongest for thc compound III having lowest summetry ®1).
Though the chemically equivalent bond distances within the six membercd rings arc
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identical, they have, however, undergone a slight deformation from the normal benzene ring
geometry and this may be attributed to the effect of substituents. In compound I, though
both the aromatic rings are equivalent in respect of bond lengths, the angular deviations in
ring B are much more pronounced that those in ring A, and this may be due to the presence
of more number of substituents in the molecules. The relation between the angular
deviations and substituents effect was studied for compounds with mono- and di-substituted

Table 2. Relevant bond distance () and planarity of beazene rings.

Parameters Compound I Compouwnd II Compound 11
C(Sp?)-C(Sp®) distance
between methyl carbon 1.55 1.52 1.54
and aromatic ring carbon
Average C(Sp?) - C(Sp®) No C(Sp?) - C(Sp?)
distance in the side bond in the side 1.47 1.49
chains chain
Average C(Sp2)-C(Sp?)
distance hetween aromatic 1.46 1.48 1.46
ring carbon and carbonyl
carbon
Average C - C distance in
the benzene nng 139 1.39 1.40
Average C = O disuance 1.21 1.22 1.22
C-OH 1.36 1.36 1.35
Intra-molecular hydrogen
bonding distance between 2.62 2.55 2.46
phenolic oxygen and
carbonyl oxygen
Planarity Benzene nng is almost Both the benzene Benzene ring is
planar maximum nngs arc planar planar, maximum
deviation -0.02 A and they arc incli- deviation -0.01 A
ncd with cach other

at an angle 108.8°

benzene rings [18, 19]. Another significant observation in all the three structures is the
deviations of C—OH and C=0 bond distances from their expected values, which can be
explained by considering electron donation from hydroxyl group through the aromatic
system to the carbonyl group which in turn strengthens the C—OH bond, weekens the C—
O bond, and increases the negative charge on the carbonyl oxygen [20] resulting in an intra-
molecular hydrogen-bonding causing a shortening in the C—OH bond and lengthening in
C=0 bond ffom their normal values. Similar observation can be had, for example, in the
structure of 2,2'-dihydroxy benzophenone [20]. In all the above cases the C=0 distance is
legthened against the normal value (C=0) = 1.20 A. The other c(sp?) - c(sp®) distances in
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the side chains show small positive and negative deviations from the normal expected value,
The unusual short value (1.24 A) for the distance between (C12 and C14) atoms towards the
free end of one of the side chains in compound III, could only be attributed to the limited
size of data and also to some disordering in the molecule, as evident from high thermal
parameters (ORTEP PLOT, Figure 4) for the atoms concerned. The type of bond shortening
with higher thermal parameters for atoms concerned have also been encountered in other
structures [21, 22]. The planarity calculations show that the structure of compound I is
almost planar. The planes of the two phenyl rings in compound II are inclined at an angle
of 108.8°. This inclination is, however, expccted since it tends to minimize the © - x
orbital overlap between the rings, and comparcs favourably with values observed in other
diphenyl methane structurc [23, 24}. In all the three structures, the molecules did not
involve themselves with any inter-molccular hydrogen bonding, and all the structures are
completely stabilized by the normal van der Waals forces.

3. Conclusions

(a) The'molecular structure of all the three compounds (I, 1, J1I) presented here
have similar conformations as far as bond distances and angles are concerned.

(b) All the three structures are characterized by a strong intra-molecular hydrogen
bonding and this bonding becomes stronger with the elongation of side chains (Compounds
III). In the molccular packing there cxists no inter-molecular contact involving hydrogen
and the structures are stabilized by normal intcr-atomic forces.

(¢) With the additions of bulky groups or side chains, the structures transform to
lower symmetry (i.e. orthorhombic —— monoclinic —— triclinic).
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