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Abstswt-HUckel MO calculations have been made on 8-hydroxyquinoline and several of its 
diaxine analogs. The total pi energy difference between neutral and monopositive forms of these 
molecules and their respective electron densities on the several nitrogen atoms are correlated with 
pKm values. The electron density differences between the I-hydroxy oxygen and the nitrogen at 

position 1 are similarly related to the OH stretching frequency of these compounds. Of the compound8 
studied, only one, Shydroxyquinoxaline, ha8 a 8ignificantly greater basicity on the nitrogen which is 

not adjacent to the OH group. 

, THE OH stretching frequency, vOH, and basicity constant, pKNH in 50% dioxan, of 
8-hydroxyquinoline (I) and related aza-analogs have been studied.l The aza-analogs 
included: 2-methyl-8-hydroxyquinoline (II); 8-hydroxycinnoline (III); 4-methyl-8- 
hyd~ux$umuYme {I., 8-Ztydrux.~timaz&ne m; 2.,4~~e~~_~-~-~~~u~~~~~ 
line (VI); 4-methyl-2-phenyl-8-hydroxyquinazoline (VII); 5-hydroxyquinoxaline 
(VI%Q; and g-hydroxy-I&.tapWae @XI. A lineat relatiaaship was observed 
between van and p&n in this series with the exception of V, VIII and IX. Since 
N-methylation occurs preferentially at the nitrogen farthest from the OH group in 
the uncorrelated compounds, it was concluded1 that relative basicities of the two 
nitrogens in these diaza compounds were responsible for the higher frequency and 
sub-u& &T&& ZW.. >~&jty. The p. &7r values D.. BzJ? ROW&P $7z&zB~ cl0 
not represent the true values, as indicated by recent studies.8 However, they do 
represent the only available self consistent set of data and as such form a valid basis 
for comparison, as indicated by the vOH - p&u relationship. 

Since a number of workers found correlations between values from molecular 
orbU ~culat~ons and p& in simple heterocycles- or lroH in related systems,‘r*O 
we used a theoretical approach in an attempt to ascertain the properties of these 
conrjoun&. &I rjarnccrrlar, we w&fYred ro derermrhe tie correspondence BerWeen 
calculated nitrogen basicities in the diazines and the position of predominance in 
alkyIati0n.l 

1 F. 3. C. Rcasatti aad H. S. Rassottti, J. CIrem. Sec. 1% (1958). 
a A. Albert and W. L. F. Armarego, Ado. in Hetero. Chem. 4, 1 (1965); D. D. Perrin, Ibid. 4,43 

(1965); A. Albert, J. Chem. Sot. (B), 427 (1966); J. W. Bunting and D. D. Perrin Ibid 433,436 
(1966). 

* S. F. Mason, J. Chern. Sot. 5010 (1957); 674 (1958); Prog. in Org. Chem. 6,214 (1964). 
’ R. E. Burton and W. J. Davis, J. Chem. Sot. 1766 (1964). 
5 J. Clark and D. D. Perrin, Quart. Rev. 18,295 (1964). 
6 R. Zahradnik and J. Kouteckfr, Ah. in Hetero. Chem. 5,69 (1965). 
’ R. Grinter, J. Mofecuiar Spec. 17,240 (1965). 
s H. Saito and K. Nukada, Tetrahedron Letters No. 2, 111 (1965). 
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FIG. 1. Correlation of the total pi energy change, A&,, on protonation at Nl with the 
experimental p&i (corrected for statistical factor.) 

%uatder ta f&st tie R~wW_is'hypQtkesis~ LCAt-kta calculafians were carrted 
out on compounds I-IX. Although the Hiickle MO calculations are not the most 
exact available quantum mechanical method, this method has been successfully 
applied to many heterocyclic systems .6 Since the necessary values were not available 
for more precise calculations, the Huckel approximationsB were used to simplify 
the secular determinant, IHrl - ES~JI = 0; and parameters were selected to correct 
the carbon sp2 A0 coulomb and exchange integrals for heteroatoms : 

H(Xpn, X,3= Kc 4 UL 

W&v,, YpJ = k&c 

Para!zr&&T s&&&T WW bc?.& OR &&W2& X&2_g~~~LQ z& 5@&2@~ X2?22~~ 
on the h&zrwa~orn no-& -to &is 3*. T&C ex&ange terms, kc=, vf 5% and G-8 for 

0 A. Streitwieser, Jr., Molecular Orbital Theory Wiley, New York, N.Y. (1961); B. Pullman and A. 
Pullman, Quantum Biochemistry Interscience, New York, N.Y. (1963). 

lo L. B. Kie.r, Tetrahedron Letters No. 37, 3273 (1965). 
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the bonds CN and C-O, respectively, were based on the recent evaluations of 
&hydroxyquinoline and its halo-derivatives. 4 The same bond parameter for CN was 
also recently usedlo in dipole moment calculations on heterocycles. Mason’9 value 
of kNN = 1-O was employed for the NN bond. The coulomb parameter for 0 was 
a literature value4***@, ho = 1.5 ; but a range of values for N, 0.54*8*Q and O-8 ;lO and 
N+, 1*56,e, 1~7~~ and 2.0;4*B was tested for compounds I-VI. 

Inductive, heteroatom and conjugative models for Me substitutents@ were applied 
to compounds II, IV and VI. The heteroatom model with h, = 2.0 and k,, = O-7 
gave the best fit, Fig. 1, for Me, together with hN and h, of 0.5 and 2.0, respectively. 

Reported1 pK’s for VII and VIII were (1. Thus it was not possible to include 
these values in basicity correlations. However, a comparison of AE, for VIII is 
informative. The energy change on protonation at Nl was 2.118, while N2 protona- 
tion gave 2146. Since the greater energy stabilization is generally favored in a 
thermodynamic process of this type, protonation should occur at N2 which requires 
an appreciable deviation from the fit of Fig. 1 (cf. VI), or a pKNH of ~3. Simple 
electron density values on nitrogen lead to much the same interpretation. 

Diagram 1 shows the electron densities calculated for the neutral molecules, 
hN = 0.5. With the exception of VIII and possibly III, the nitrogen atom adjacent to 
the OH group has the highest electron density. The general effect is a decrease in 
electron density at Nl when the second nitrogen in the diazines is in the orrho or paru 
positions (electron withdrawing). This shift is in opposition to the appreciable 
electron donating effect of Me substituents in these same positions; cf. II-VIII. 

Figure 2 shows a plot of pKNH (50% dioxan) vs. electron density at the nitrogen 
atom adjutant to the OH group cm. Although some spread of values is evident, 
correlation of the electron densities at Nl with the pKNH in 50% dioxan is good 
except for VI. A significant improvement in this relationship is observed when the 
pKNH of compounds containing more than one nitrogen is corrected for a statistical 
factor as has been suggested.5 

In contrast with the methylation predominance at N2 for V, VIII and IX, both elec- 
tron densities and total energy changes indicate that N2 is more basic only in VIII. 
This order of position basicity was maintained over a range of parameters precluding 
any dependence on the input values selected. Although III showed a change in the 
order of N2: Nl ; it is difficult to give any significance to the very small differences in 
eN( <0*005) calculated for this compound. Results of the present work indicate 
that Nl is the more basic location in V and IX. Thus electron density is evidently 
not the sole factor in determining the position1 of V or IX methylation. 

In parallel with the aqueous dioxan results on pKNH, the OH stretching frequency 
in carbon tetrachloride was observed’ to be base strength dependent and concentra- 
tion independent. Thus an intramolecular rather than intermolecular hydrogen 
bonding model should be necessary to relate the You and the relative nitrogen and 
oxygen affinity for the bridge proton. The electron density difference, e. - eNI, for 
the un-ionized compound gives the strength of this interaction if it is assumed that 
the sigma bond energy between oxygen and hydrogen remains constant. A comparison 
of VoH and the AQ_~ in Fig. 3 shows that the compounds split into two distinct 
groups. One group contains the monoazines and the ortho diazines while the second 
contains all non-ortho diazines. No obvious source of this separation is apparent 
in molecular structure or parameters for calculation. However, similar separations 
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DIAGRAM 1. ~Electron densities on the neutral molecules. 
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FIG. 2. Correlation of electron density on nitrogen at position 1. em, with the p&a 
as measured (+) and as corrected by a statistical factor depending on the number of 

protonatible nitrogen atoms present (0). 

into more than one class have been observed with calculations on hydroxyl ketones 
even when a term for the hydrogen bond was explicitly included in calculations.’ 
The variation of e. is quite small and the calculations based on O- gave similar 
results. Justification for the inclusion of EN then would appear to be empirical or 
in&u&e. Huwever, receutiy eti&~~ce was presented for a ?>d iotic cuutib&~un Prom 
hydrogen bonding in the pyridine-methanol system.s Therefore, some contribution 
from eN should be included. In the 8-hydroxyquinoline analogs, hydrogen bonding 
should be of even greater importance than in the pyridine system because of the 
molecular stereochemistry. Thus, the dependence of voH on the variation of EN 
plays a dominant roleU even if a constant factor q (where q < 1) is applied to the 
value in Fig. 3, i.e., e. - qeW The electron densities for au+ directly parallel EN, 

t.imefom it is not necessary to consider this state W&S absolute values are required. 

I1 We are indebted to a referee for calling our attention to this interpretation. 
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FIO. 3. Relationship of OH stretching frequency, VOX, in CC& with the electron density 
difference between adjacent oxygen and nitrogen, eo - .sxl. 

CONCLUSIONS 

Although there is perhaps some need to reinvestigate the experimental ~Knn’s,~ 
these values1 in general give a significant correlation both with the calculated electron 
densities and the total molecular energy change on protonation for compounds 
I-IX. More than one group of compounds is evident in the correlations. This 
multiplicity is less than satisfying and may be due to the approximations inherent in 
the calculations. However, the existence of two distinct groups, one which contains 
the monoazines and ortho diazines, might have been anticipated from the results 
of more extensive studies on heterocyclic systems. * The relative basicity of the two 
nitrogen atoms in the diazines is clarified and position 1 is shown to be more basic 
in all compounds except VIII and possibly III. 

EXPERIMENTAL 

The Htickel MO calculations were made using a FORTRAN II program written by one of us, Arl. 
In this program, we have corrected and modified the SHARE library subroutine EIGEN for the cal- 
culation of eigenvalues and eigenvectors. This subroutine, along with subroutines for matrix genera- 
tion, polarizability calculations and matrix operations, is used to obtain energy level values, total 
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moiecuhu enera, electron densities and bond orders. On the 40K IBM 1620 computer with 3 dish 
drives at Marshall University Computer Center, a version of this program for 20 x 20 matrices 
occupies, with a 75K monitor, the entire core memory. Using disk drives and Iinkage programs, the 
major size limitations are the monitor, two N x N matrices and 10.4K for EIGEN. We have 
successfully used a linked program on the 40K IBM 1620 in a 30 x 30 form with the addition of 
omega technique calculations* and superdelocalixabilitiea.~ 
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