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HAMNETT-TAFT CONSTANTS OF SUBSTITUTED 2- AND 4-QUINAZOLINYL GROUPS 

S. G. Baram, O. P. Shkurko, and V. P. Mamaev* UDC 543.422.25:451.67: 
547.856.1 

From the chemical shifts of the meta- and para-carbon atoms of the phenyl 
group in phenylquinazolines the o I and oR ~ constants of 2- and 4-quinazol- 
inyl groups were determined. Correlation equations which enable us to cal- 
culate the o constants of various substituted 2- and 4-quinazolinyi groups 
are proposed. 

Until recently, data for the quantitative assessment of the electronic effects of quin- 
azolinyl groups have been unknown. Our first publication contained preliminary, very general 
information on the Hammett-Taft constants of substituted 2- and 4-quinazoiinyl groups, which 
was obtained by means of the 13C NMR for the corresponding phenyiquinazolines [i]. In the 
present work the determination of these constants was conducted with account taken of inform- 
ation that has appeared regarding the geometry of such a model structure. 

For the calculation of o I and OR ~ constants of quinazolinyl groups we used the values 
of the chemical shifts of the m- and p-carbon atoms of the phenyl groups in the series of 
4-substituted 2-phenylquinazolines (I) and 2-substituted 4-phenylquinazolines (II); here 
the substituted quinazolinyl group was regarded as a substituent in the benzene ring. The 
assignment of the signals in the 13C NMR spectra of compounds (I) and (II) in acetone (Table 
I) was conducted on the basis of published data for quinazoline [2, 3] and 4-phenylquinazol- 

ine [4]. 

0 
r N 

(i) (I~) 
X = H, C1, OCtt~, N(CH~)2, CN. 

In the calculation of o constants of quinazolinyl groups we used the correlations found 
by us earlier [5] for monosubstituted benzenes, linking the values of o I and OR ~ constants 
of substituents with values of the relative chemical shifts of m- and p-carbon atoms of the 

benzene ring (~6C m and &6Cp): 

oi = 0.034 + 0 . 3 1 5 A S C m + 0 . 0 1 2 A S C p ,  

o1~ ~ = 0.003 - -  0.060aXoC,, + 0.045AfCp.  

Here, in the values of A6C we introduced corrections of -0.23 ppm for C m and -0.16 ppm 
for Cp in the case of the 2-phenylquinazolines (I) and -0.24 ppm for C m and -0.22 ppm for 
Cp in the case of the 4-phenylquinazolines (II), which take account of the contribution of 
the diamagnetic anisotropy of the two rings of the quinazoline fragment in the magnetic shield- 

*Deceased. 
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TABLE 2. o Constants of 4-Substituted 2-Quinazolinyl and 2- 
Pyrimidinyl Groups 

Substituent 
X in quinaz- 
oline ring A6 C m A6 C m A6 Cp A6 c~ 

Substituent 
X in py- : 
rimidine 
ring 

o I o R 

H 
C1 
OCH3 
N (CHs) : 
CN 

0,25 
0,40 
olo5 

-0.27 
0,59 

0,02 
0,t7 

-0.22 
-0,50 

0,36 

2,34 
2,98 
2.21 

3,26 

I 
2A8 0,07 [ 0.10 
2,82 0.121 0A2 
2,05 -0.01 r 0A 1 
t.38 -o.11 j o.~o 
311o o,18 1 o,12 

H 0,05 0A0 
C] 0,it  0,t3 
OCHs 0,001 0,11 
N(CH3)2 -0 , t0  0,10 
CN [ 0,18[ 0,14 

*With correction for magnetic anisotropy. 
**Data from [i0]. 

TABLE 3. o Constants of 2-Substituted 4-Quinazolinyl and 4- 
Pyrimidinyl Groups 

Subs tituent 
X in quinaz- 
oline ring 

H 
Cl 
OCH~ 
N (CH3) : 
CN 

A6 C7, * A6 C m 

0.93 0.69 
1,05 0.81 
0,89 0.65 
0.74 0.50 
1,22 0,98 

A6 Cp 

2,35 
3,03 
2,46 
1,95 
3,39 

A6 cp 

2.13 
2.8i 
2,25 
1,73 
3,t7 

Substituen 
ol ~ X in py- 

rimidin e 
I ring 

0.28 0.06 J H 
0,32 0108 I CI 
0.27 0; .06 OC}I3 
0.21 0.05 N(CH3).~ 
0.38 0,09 CN 

o I 

0,2t 
0,25 
0,19 
0,08 
0,34 

oh** 

0.09 
0,t2 
0,10 
0,08 
0,12 

*With correction for magnetic anisotropy. 
**Data from [i0]. 

ing of the carbon atoms of the benzene ring. The additive assessment of the influence of 
the two rings in the quinazoline is based on calculated data on magnetic anisotropy for such 
condensed aromatic and heteroaromatic systems [6]. An approximate assessment of these anisot- 
ropy corrections was made by the method of Johnson and Bovey [7] with the use of the geometric 
parameters established for 6-isopropyl-2,4-diphenylquinazoline [8]. Apart from this, in 
the assessment of all the corrections indicated above we took account of the coefficient 
0.78 recommended for use in 13C NMR spectroscopy [9]. An important feature of the structures 
under examination consists in the different angles of rotation of the benzene rings relative 
to the plane of the quinazoline nucleus. Whereas the 2-phenyl group and the quinazoline 
nucleus are practically coplanar (the angle of rotation does not exceed 4~ the torsion 
angle for the 4-phenyl group attains -64 ~ . Hence, the anisotropy correction for the C m atoms 
of the benzene ring in 4-phenylquinazolines differs little from the analogous correction 
in the case of 2-phenylquinazolines despite the greater closeness of the 4-phenyl group to 
the annelated benzene ring in quinazoline. The chemical shifts A6C m and &6C D for compounds 
(I) and (II), recalculated relative to the signal of benzene in acetone (129]08 ppm) and 
corrected to take account of anisotropy corrections, are given in Tables 2 and 3. On the 
basis of these chemical shifts we calculated the o constants of unsubstituted (Quiz) and 
substituted (Quiz X) quinazolinyl groups, comparable in magnitude with the constants of the 
corresponding 2- and 4-pyrimidinyl groups (Tables 2 and 3). 

Comparing in pairs the values of OR ~ for 2- and 4-quinazolinyl groups of the same type, 
we can observe a tendency for some lowering of the -M effects of the latter, which probably 
arises from the rotation of the 4-phenyl group because of steric hindrance and of decrease 
in the overlap of the ~-orbitais of the benzene and quinazoline rings. The difference in 
induction constants for 2- and 4-quinazolinyl groups is more substantial. Whereas 4-substi- 
tuted 2-quinazolinyl groups change from weakly donating to weakly accepting, depending on 
the substituents with a scatter of 0.39 units on the o I scale, 2-substituted 4-quinazolinyl 
groups have stronger electron-acceptor properties, but the scatter of values of o I is less 
(0.17). An analogous situation is found when we compare constants for 2- and 4-pyrimidinyl 
groups. It is probable that the cause of the stronger induction effect of 4-quinazolinyl 
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TABLE 4. Parameters of Correlation Equations 

*I (Quiz X) = z I (Quiz)-r az I (X)+b~R (X) 

z~ (Quiz X) =- ~ l  (Quiz) +a t  I (X)+b~ (X) 

(i) 

(II) 

Equation Group o b r s 

(I) 
(ID 

(I) 
(H) 

X 

~/\N//\ 
l 

N / \ N / / \  X 

0.17 
0,05 

O. I 6 
0,06 

0,30 
0,03 

0,14 
0.03 

0,979 
0,977 

0,992 
0,992 

0,031 
0203 

0,0tl 
0,003 

groups than of 2-quinazolinyl groups lies in the different directions of the dipole moment 
of the quinazoline fragment relative to the phenyl groups and therefore in the different 
contributions of the electrostatic component in the overall induction effect for these groups 
[11] .  

It was shown earlier [12] that the electronic effects of complex substituents can be 
explained in terms of the effects of the separate structural fragments by means of simple 
correlation equations. This approach was extended to substituted 2- and 4-quinazolinyl groups. 
The parameters found for Eqs. (I) and (II) (Table 4) enable us to calculate values of o con- 
stants for various 2- and 4-quinazolinyl groups. 

A general consideration of the electronic effects of substituted 2- and 4-quinazolinyl 
groups leads to the conclusion that there is no appreciable influence of the annelated benz- 
ene ring on the Hammett-Taft constants of 2-pyrimidinyl groups, but there is a small strength- 
ening of the induction effect in the case of 4-pyrimidinyl groups (see Tables 2 and 3). 

EXPERIMENTAL 

The 13C NMR spectra were recorded at -25~ on a Bruker AC-200 spectrometer (50.32 MHz). 
For the determination of 13C NMR spectra we used solutions of the substances in acetone, 
concentration 0.2 M; internal standard TMS. For the stabilization of the resonance condi- 
tions we added (CDs)2CO (~5%). 

4-Methoxy-2-phenylquinazoline (Ic). To a solution of 4.81 g (20 mmoles) of 4-chloro-2- 
phenylquinazoline (Ib) in 40 ml of abs. CHmOH a solution of CH3ONa in CH3OH [prepared from 
0.46 g (0.02 g-atom) of Na in 5 ml of absolute CH3OH] was added. The reaction mixture was 
boiled for ~l h. The progress of reaction was followed by means of chromatography on Silufol 
(benzene:CCl~ 2:1). The mixture was evaporated to dryness, the residue was treated with 
20 ml of H20 and extracted with ether, and the extract was dried over anhydrous MgSO4. Ether 
was evaporated, and the residue was vacuum-sublimed. Yield 4.51 g (95%), mp 66-67 ~ . Found, 
%: C 76.3, H 5.20, N 11.8. CIsHI2N20. Calculated, %: C 76.3, H 5.21, N 11.9. 

2-Methoxy-4-phenylquinazoline (IIc) was prepared from 2-chloro-4-phenylquinazoline (IIb) 
by a procedure analogous to that for (Ic). Yield 90%, mp 86-87 ~ Found, %: C 76.2, H 5.05, 
N 11.8. CIsHI2N20. Calculated, %: C 76.3, H 5.12, N i1.9. 

4-(Dimethylamino)-2-phenylquinazoline (Id). To a solution of 2.41 g (i0 mmoles) of 
(Ib) in 50 ml of dry acetone 20 ml of dry acetone containing 0.9 g (20 mmoles) of NH(CH3) 2 
was added. The progress of reaction was followed chromatographically on Silufol (CHCI3). 
The reaction mixture was evaporated to dryness, the residue was dissolved in benzene, and 
the solution was passed through a column of AI20~ with a Brockmann activity of II; eluent 
benzene. The solution was evaporated, and the residue was vacuum-sublimed. Yield 2.42 g 
(97%); mp 66-68~ Found, %: C 77.1, H 6.04, N 16.7. C16HIsN 3. Calculated, %: C 77.1, 
H 6.06, N 16.9. 

2-(Dimethylamino)-4-phenylquinazoline (IId) was prepared from (IIb) by a procedure analo- 
gous to that for (Id). After the evaporation of the reaction mixture, the residue was crys- 
tallized from petroleum ether (bp 70-I00~ and vacuum-sublimed. Yield 95%, mp 125-126~ 
Found, %: C 77.1, H 6.08, N 16.7. CI6HIsN 3. Calculated, %: C 77.1, H 6.06, N 16.9. 
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T rimethyl(2-phenyl-4-quinazolinyl)ammonium Chloride (III). To a solution of 2.41 g 
(i0 mmoles) of (Ib) in 70 ml of dry acetone, 20 ml of dry acetone containing 1.77 g (30 mmoles) 
of N(CH3) 3 was added. The mixture was left overnight. The precipitate formed was filtered 
off, washed with acetone, and dried. Yield 2.74 g (91%). Found, %: C 68.0, H 6.15, C1 
11.9, N 13.9. CI7HIsCIN s. Calculated, %: C 68.1, H 6.05, C1 11.8, N 14.0. 

Trimethyl(4-phenyl-2-quinazolinyl)ammonium chloride (IV) was prepared from (IIb) by a 
procedure analogous to that for (III). Yield 90%. Found, %: C 68.2, H 5.98, C1 11.9, N 
14.1. C17HIsCIN 3. Calculated, %: C 68.1, H 6.05, C1 11.8, N 14.0. 

47Cyano-2-phenylquinazoline (Ie). A mixture of 1.5 g (5 mmoles) of (III), 0.65 g (i0 
n~noles) of KCN, and i0 ml of H20 was stirred for 1 h at 70~ and then cooled to 20~ The 
precipitate was filtered off, washed with H20, vacuum-dried, and recrystallized from acetone. 
Yield 0.83 ~ (71%); mp 166-168~ Found, %: C 78.1, H 3.83, N 18.2. CI~HgN~. Calculated, 
%: C 77.9, H 3.92, N 18.2. 

2-Cyano-4-phenylquinazpline (!Ie) was prepared from (IV) by a procedure analogous to that 
for (Ie). Yield 72%, mp 120-1210C. Found, %: C 77~7, H 3.81, N 18.0. C15HgN 3. Calcu- 
lated, %: C 77.9, H 3.92, N 18.2. 

LITERATURE CITED 

i. S. G. Baram and Oo P. Shkurko, "New developments in the chemistry of azines," in: Sum- 
maries of Papers Presented at the All-Union-Conference, Sverdlovsk (1985), p. 78. 

2. Zu Wen Qui, G. M. Grant, and E. J. Pugmire, J. Am. Chem. Soc., i06, 557 (1984). 
3. U. Ewers, H. Gunther, and L. Jaenicke, Angew. Chem., Int. Ed., 14, 354 (1975). 
4. Sadtler Standard Spectra: C-13 Nuclear Magnetic Resonance Spectra, Sadtler Research 

Lab., Philadelphia (1976-1988). 
5. S. G. Baram, O. P. Shkurko, and V. P. Mamaev, Izv. Sib. Otd. Akad. Nauk SSSR, Sero Khim. 

Nauk, Issue 4, No. 9, 135 (1982). 
6. H. Stanch and H. Jockel, J. Am. Chem. Soc., iii, No. 17, 6544 (1989). 
7. G. E. Johnson and F. A. Bovey, J. Chem. Phys., 29, 1012 (1958). 
8. D. Hunter, D. G. Neilson, and T. J. R. Weakley, J. Chem. Soc., Perkin Trans. i, No. 

12, 2709 (1985). 
9. V. I. Mamatyuk and V. A. Koptyug, Zh. Org. Khim., 13, No. 4, 818 (1977). 

i0. S. G. Baram, Master's Thesis, Chemical Sciences, Novosibirsk (1983). 
ii. O~ P. Shkurko and V. P. Mamaev, Khim. Geterotsikl. Soedin., 672 (1987). 
12. V. P. Mamaev, O. P. Shkurko, and S. G. Baram, in: Advances in Heterocyclic Chemistry, 

A. R. Katritzky (ed.), Academic Press, New York-London-Toronto (1987), p. i. 

605 


