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PYRIMIDINES.
LXI.* SYNTHESIS OF N-PYRIMIDINYLANTHRANILIC ACIDS AND
2,4~DIARYLPYRIMIDO[2,1~b]QUINAZOL~6~0ONES

V. F. Sedova, V. I, Mamatyuk, UDC 547.854'856.07:543.422,25
V. A. Samsonov, and V. P. Mamaev

N- (4, 6-Diarylpyrimidinyl)anthranilic acids, obtained by condensation of the ap-
propriate 2-chloropyrimidines with anthranilic acid, are converted to 2,4-diaryl-
pyrimido[2,1~b]quinazol-6-ones when they are treated with acetic anhydride.

The number of studies devoted to the synthesis of physiologically active anthranilic
acid derivatives has increased in recent years [2-4]. A great deal of attention is being
paid to the synthesis of N-heteroaryl-substituted anthranilic acids, including pyrimidine
derivatives [4~6]. On the other hand, it is known that the introduction of aryl substituents
in pyrimidine and quinazoline derivatives in some cases leads to new physiologically active
compounds, the action of which differs from that of their unsubstituted or alkyl-substituted
analogs [7, 8]. We therefore undertook the synthesis of pyrimidinylanthranilic acids with
aryl substituents in the 4 and 6 positions of the pyrimidine ring by means of the readily ac-
cessible 2-oxo-4,6-diarylpyrimidines as the starting compounds [9].

2- (o~Carboxyphenylamino)-4,6-diarylpyrimidines (IIIa-f) were obtained in good yields
when 2-chloro-4,6-diarylpyrimidines (IIa-f), obtained by the usual method from 2-oxo deriv-
atives of pyrimidine (Ia-f), were fused with anthranilic acid or when the starting components
were refluxed in alcohol for a long time. Similarly, 2-(o~carboxyphenylamino)~-4-phenyl-5,6-
dihydrobenzo[h]quinazoline (IV) was isolated from 2-chloro-4-phenyl-5,6-dihydrobenzo[h]quin-
azoline.

Compounds III are stable crystalline substances. However, intramolecular cyclization
with splitting out of a water molecule to give 2,4-diarylpyrimido[2,1-b]quinazol-6-ones (Va-d)
occurs when they are heated briefly in acetic anhydride. Similar behavior has also been pre-
viously noted for other N-pyrimidinylanthranilic acids [10, 11].

*See [1] for communication LX.
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TABLE 1. PMR Spectra of Pyrimido[2,1-b]quinazol-6-ones (Va-d,g)*

Com- H* H H* H® Ar? R*
pound
Va 7,045 g,11d |7,79t ]7,85d H, 8,25 7,69—7,22
Hm, p7.52—7,22
Vb 6,94s 8,09d |7,75¢ | 7,78d | H, 8,18 H, 7,25
6,87 Hp6.89
Ve 6,935 807d {7,74t |7,79d | Ho 8,17 7,65—7,21
H, 6,87
vt 6,975 8,02d {769t |773 4| H. 823 7,35—7,10
| Hy,7.01
Vg 7,30d 833d |779t j786d | Ho 824 9,08d
(43, 4=75 Hz) H,p7,56—7,38 (/5. 4=7.5 Hz)

*The solvent was CDCls;, and the integral intensity ratios were
in agreement with the assignments. The H® signal is superim-
posed on the CHayom signals at 7.10-7.50 ppm; accurate assign-
ment was made only for Vg (6H3 = 7.40 ppm). Found: J,, 6 = 9
and Jo,10 = 8 Hz.

+The signals of the Cg¢Hs group of the substituent attached to
2-C (CeH4,OCgHs) coincide with the signal of R® (CeHs).

T t coon | g X
2~~~y
0)\§ Ar (:1/k A NH/{\NAM N%N/ Ar

1 a~g 1] a-g Hi a~g Va-e,g

I—III, V a R=C5H5, AT=C6H5; b R=C3H4OCH3-[J, AT=C5H4OCH3'p', C R=’—C6H5,
AT=C5H4OCH3-P', d R=C5H5, AT=C5H4OC5H5-p; e R=C5H5. AF=C5H4NOz-p] I—*”lf
R=C5H4OCH3-p, Ar=C3H4N02~p; I—III, A% g R=H. AI’=C5H5

In contrast to the colorless or weakly colored pyrimidinylanthranilic acids III, cycliz-
ation products V have intense colors; a characteristic absorption maximum appears in the UV
spectra of these compounds at about 415 nm,

In contrast to diarylpyrimidines, we were unable to isolate an N-pyrimidinylanthranilic
acid (IIIg) in the condensation of 2-chloro—4-phenylpyrimidine (IIg) with anthranilic acid
because of its tendency to undergo cyclization., The reaction product in this case was pyrim-—
idoquinazolone Vg. ' ‘

The cyclization of unsymmetrically substituted pyrimidines IIIc-g could proceed at either
of the two nitrogen atoms of the pyrimidine ring, since the m—electron densities on the nitro-
gen atoms in III differ only slightly (for example, N* 1.253 and N® 1.252 in IIIc). However,
judging from the chromatographic data, the compounds obtained in this study are individual
compounds; this was also confirmed by the PMR spectral data,

(] Ar R (“) R
OOH 6 7 [ 5 4
QLS — O~
- 2 —_— 2
NPSNAR NHJ\N/‘Ar = ﬁ)\§/ Ar
3
VR i VA

It might have been supposed that the somewhat higher basicity of the N' atom as compared
with N? in IIIg and the considerably lower steric hindrance during the intramolecular cycliza-
tion of this compound at N' should lead to the formation of isomer A, i.e., 2-phenylpyrimido-
[2,1-blquinazol-6-one (Vg). However, the question of the structure of Vg and of diaryl deriv-
atives V has remained an open one.

*Thé calculations were made by L. N. Shchegoleva by the Hiickel MO method.
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Fig. 1. PMR spectrum of 2-phenylpyrimido[2,l-b]Jquinazol-
6-one (Vg): a) in CDCls; b) double resonance spectrum;
c) spectrum in the presence of the Eu(DPM), shift reagent.

We used the PMR spectra of V (Table 1) to prove their structures. The assignment of the
signals was made on the basis of an analysis of the intensities, the splitting, and, in the
case of monophenyl derivative Vg, double resonance data (Fig. 1). In the spectrum of this
compound the two protons of the pyrimidine portion of the molecule (H® and H*) give signals
at 9.08 (H*) and 7.30 ppm (H®) (doublets with Js,4 = 7.5 Hz)., Because of the anisotropic ef-
fect of the C=0 group, the H” signal is shifted to weak field and has a chemical shift of 8.33
ppm (J7,6 = 9 Hz, J;,5 = 1.5 Hz). The H® signal is found at 7.38-7.56 ppm and coincides with
the signal of the Hp,p protons of the phenyl substituent. The correctness of this assignment
was confirmed by perturbation by a strong radiofrequency field of the signals in the indicated
region, which led to coalescence to singlets of the H’ and He (phenyl group) signals. The
H® and H'° signals resonate at, respectively, 7.79 and 7.86 ppm; they represent an AB system
Js,10 = 8 Hz) in the double resonance spectrum (Fig. 1b). We made the selection of the posi-
tion of the substituent (the C¢Hs group) on the basis of the spectra of Vg recorded in the
presence of the Eu(DPM), shift reagent.

On the basis of the literature data on the effect of Eu(DPM) ;s on the proton shifts in
the spectra of nitrogen~containing heterocycles [12] having several types of nitrogen and
oxygen atoms [13], it might have been expected that complexing in Vg would occur primarily at
the C=0 group. In this case the character of the changes in the chemical shifts of the pro-
tons if the CcHs group is located in the 2 position should correspond to the sequence H* =
H? > H®, H®, etc.; however, if the Ce¢Hs group is in the 4 position, the sequence should be
different — Ho = H” > H®, H® > H?, etc.

When the shift reagent is added (Fig. 1lc), the greatest shift is observed for two signals
— H* and H”; a smaller shift is observed for the H® and H, signals, and the signals of the re-
maining protons are shifted only slightly. Thus on the basis of the spectral data obtained
it may be assumed that Vg is formed in the cyclization of N-(4-phenylpyrimidinyl)anthranilic
acid (IIIg).

"Having established the position of the phenyl substituent in Vg we alsc made a thorough
analysis of the PMR spectra of the other V. In the spectrum of Vg it is apparent that H,
resonates at weaker field than Hp and Hp (Table 1). The difference in the spectral behavior
of the protons of both Ar groups is appreciable when an Ar substituent is introduced in the
4 position of the pyrimidoquinazolone (Va and Vb). Thus in Vb the Ar® protons (o, m, and p)
resonate over a narrow range (7.22-7.52 ppm), whereas the Ar® protons behave like the CgHs
protons in Vg. The signals of the H®, protons in the spectrum of Vb lie at weaker field than
the signals of the H, protons. We used these data for the determination of the position of
the anisyl and phenoxyphenyl groups (in Vc and Vd, Table 1). All of the protons of the CgHs
group in Vc resonate at 7.21-7.65 ppm, whereas the signals of the protons of the anisyl group
(Ho and Hy) lie at 8.17 and 6.87 ppm; this indicates that the CeHs group is in the 4 position
and that the anisyl group is in the 2 position of the condensed system.
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TABLE 2. 2-Chloro-4,6-diarylpyrimidines (IIb-f)

s J:. Found, % Empisical Cale,, % UV spectra,
| & °

g g P CH | e N formula clnf|aln]| *max ™™

O g (log €)

1Ib 3(187—1892| — [—110,9] — | CisHisCINO, | — |— [109] — {270 (4,24), 298
(4,33), 330 (4,53)

1d 7135—136b — |—[12,1] — | CizHCINLO — | —11,9] — [262 (4,24), 284
(4,19), 324 (4.40)

Id| 3[112—114¢|74,3[4,0] 99| 7.8 CaHisCIN:O 73,614,221 99| 7,8/260 (4,29), 290
(4,23), 320 (4.43)

11e| 6 |204--205H 61,5(3,3]11,3}13,7] CisH,oCIN3O; |61,5(3,3]11,4|13,5{261 (4,29), 294
(4,26, 316 (4,32)

113 [211—213d] — | —]104|12,1| CiyH,CINgOs | — | — 10,4 12,3

a) From decalin. b) From benzene—alcohol. c¢) From alcochol.
d) From dioxane.

Consequently, on the basis of the PMR spectra, Vc and Vd should be, respectively, 2-(p-
methoxyphenyl)-4-phenylpyrimido[2,1-b]quinazol-6-one and 2-(p-phenoxyphenyl)-4-phenylpyrimido—
[2,1-b]quinazol-6-one. Because of its low solubility, the structure of Vd could not be eluc-
idated.

We obtained confirmation of the correctness of the choice of the positions of the CeHs
and Ce¢HLOCH; groups in Ve from the PMR spectra by recording the '°N NMR spectrum of specially
synthesized '°N'-2-(p-methoxyphenyl)-4-phenylpyrimido[2,1-b]quinazol-6-one (Ve-1°N®) [14].
Only one signal of the '°N atom at 6 91 ppm was observed in the spectrum of this compound,
this is in agreement with the pyrimidoquinazolone structure with '*N in the 1 position (com-
pared with § '°N 63 ppm for pyridine and 90 ppm for quinazoline [15]). The signal of the
'3N® atom for the Ve-'*N® isomer should have been found at about 200 ppm (§ 209 ppm for >N-2-
pyridone [15]).

The pyrimidoquinazolones V are quite basic, readily form hydrochlorides, are unstable
in acidic solutions, and are converted to starting anthranilic acids III.

According to our preliminary data, the synthesized pyrimidinylanthranilic acids display
analgetic and high antistaphylococcus activity.

EXPERIMENTAL*

The UV spectra of ethanol solutions of the compounds were recorded with a Specord UV-vis
spectrophotometer. The PMR spectra were recorded with Varian 56/60 A and HA-100 spectrom-
eters with hexamethyldisiloxane as the internal standard. The '°N NMR spectrum was recorded
with a Bruker Physik AG SXP 4-100 spectrometer with an H'*NO, external standard. The molec-
ular weights were determined with an MS 902 spectrometer. The individuality of the compounds
was verified by means of thin~layer chromatography (TLC) on Silufol UV-254,

The synthesis of the starting compounds has been described: TIb,c,e [9], Id [16], IIa
(18], 1Ig [17], 2-chloro-4-phenyl-5,6-dihydrobenzo[h]quinazoline [19], and !3N-2-(p-methoxy-
phenyl)-4-phenylpyrimido[2,1-blquinazol-6-one [14],

2-0x0~4~ (p-methoxyphenyl) -6~ (p-nitrophenyl)-1,2-dihydropyrimidine (If). This compound,
with mp 325-328° (from dioxane-DMF), was obtained in 50% yield by the method used to prepare
Ic [9] by condensation of p-nitroacetophenone with p-methoxybenzalbisurea. Found, %: N
13.2. C;7H;’3N30‘,. Calculated, %Z: N 13.0.

2-Chloro-4,6~diarylpyrimidines (IIb,c,d,e). These compounds were obtained in 50-70%
yields in analogy with the synthesis of IIa [18] by refluxing the appropriate dihydropyrimid-
ines I with phosphorus oxychloride. The reaction times, melting points, results of element-
ary analysis, and UV spectra of the compounds are presented in Table 2.

2-Chloro-4—-(p-methoxyphenyl)-6-(p-nitrophenyl) pyrimidine (IIf). A mixture of 1.0 g
(0.003 mole) of 2-oxopyrimidine (If), 50 ml of POCls, and 5 g of PCls was refluxed for 13 h,
after which the excess POCl,; was removed by vacuum distillation, and the residue was decom—
posed with ice water. The IIf was extracted with chloroform, the extract was dried with

*With the participation of A. I. Shadrina.
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TABLE 3. 2-(o-Carboxyphenylamino)-4-R-6-arylaminopyrimidines

(I1Ia-g)*
Com- Found, % | Empirical | Gale., % UV spectra, xmaX,IYield,
poundjmp, °C T2 [i1] « | formula S nam (log €) %

11a | 288—295175,0(4.6[ 11,6 |CoaHi7NsO, [ 75,2{4,7| 11,4 | 203 (4,63), 227 (4,47),| 80
. 280 (4,53), 328 (4,13)
1Tb {247—249{70.4]5,0] 9.9 |CosHaN;Os {70.2{4.9] 9.8]208 (4.67), 222 sh 55
(4.62), 290 (4,69)
Tllc |234—23672,2|4,8]10,51CosHsNsOs  172,5/14,8/ 10,6 | 252 (4,36), 294 (4,56),| 90

360 (3.62)

111d | 232234 [ 74.3]4.8] 9.2 C2aHuN,Os- [74,4[4,7] 9.0{253 (4.43), 294 (4,64),] 70
-0,5H.0 360 (3.83)

Itle {305—307 |63,914,3/ 13,3 | CasH16N4Os - 164,214,2/ 13,0} 206 (4,77), 288 (4.59), 75
<0,5H,0 395 (3.45)

TIf | 294—296 164,5/4,31 125 |CoeH1sN:Os  165214,1112,7 1204 (4,59), 286 (4,58)| 65

*We were unable to isolate IIIg in pure form because of its fac-
ile cyclization to Vg.

+Compounds IIla,c,d,e were recrystallized from acetic acid, and
I1Ib,f were recrystallized from alcohol—dioxane.

TABLE 4. 2-Aryl-4-R-pyrimido[2,1-b]Jquinazol-6-ones (Va-e,g)

Calc,, 52

al ! Found, % Empirical ale, b_| yy spectra Ay | s

g mp, °C c || N formulaT clulnw nm (log €) S

Q I .

Va|249—251(79,2{4,4 {12,1|CsHsN;O 79,11 4,31120| 233 (4,57), 290 (4,57).{70
370 (3,90), 417 (3,86)

Vb|197—200]72,915,0 | 9,8{CxsHgN;O; 73,3] 4,7 1 10,3 231 (4,52), 282 (4,13),]| 60
348 (4,54), 416 (3,90)

V| 234-—235|76,4| 4,7 |11,5]C2eH17N302 76,0) 4,5(11,11232 (4,58), 275 (4,24),|70

344 (383}, 416 (3.90)
Vd [211—214 [ 76,4| 4,3 | 9.0|CaeHisNsO2- HiO 76,01 46| 9,1|232 (4,54), 272 (4,25), 46
342 (4,56), 419 (3.77)

Vel324—327168,7[3,6 | 14,1 nglggl\}?%- 68,51 3,7|139 —
- 0,5
V g1190—192 | 74,9} 4,0 [15,1/CizHiNzO 747) 401154| 222 (4,44), 238 sh |46
(4,32), 294 (441), 343
(3,88), 360 (3.,88)

*Recrystallized from isopropyl alcohol—CHCl,.

tMolecular weights (by mass spectrometry): Va 349, Ve 379, Vd
441, and Ve 394.

MgS0O,, and the solvent was removed by vacuum distillation. The residue was recrystallized
from dioxane to give 4 g (50%) of IIf (Table 2).

2-(o-Carboxyphenylamino)-4,6~Diarylpyrimidines (IIIa-g). The chloropyrimidines (10
mmole) were used with 11 mmole of anthranilic acid at 140-160° for 1-2 h, after which the
mixture was cooled and triturated thoroughly with NaHCO, solution. The solid material was
removed by filtration, washed with water, and refluxed with 20 ml of glacial acetic acid. The
precipitate was removed by filtration to give IITa-g (Table 3).

' 2-(o-Carboxyphenylamino)-4-phenyl-5,6-dihydrobenzo[hlquinazoline (IV). This compound,
with mp 227-230° (acetic acid), was obtained in 80% yield from 2-chloro-4-phenyl-5,6-dihydro-
benzo[h]quinazoline and anthranilic acid by the method used to prepare III. UV spectrum,

Amax (log €): 209 (4.63) and 284 nm (4.52). Found, %: C 76.6; H 4.9; N 10.9. CosH;sN302.
Calculated, %Z: C 76,3; H 4,9; N 10.9.

2,4-Diarylpyrimido[2,1~b]quinazol-6~ones (Va-f). Compound III (70 mmole) was refluxed
in 50 ml of acetic anhydride until it dissolved (3-15 min). The color of the solution changed

from yellow to bright-orange. The brecipitate was removed by filtration to give Va-f (Table
4).

2-Phenylpyrimido[2,1-b]quinazol-6-one (Vg). A mixture of 0.7 g (3.7 mmole) of IIg and
0.6 g (4.3 mmole) of anthranilic acid was fused at 110-140° for 10 min, after which it was
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cooled and dissolved in chloroform. The solution was washed with NaHCO, solution, and the
chloroform was evaporated to give Vg with mp 190-192° (from isopropyl alcohol—chloroform) in
46% yield (Table 4).

LITERATURE CITED

1. S. G. Baram, O, P, Shkurko, and V. P. Mamaev, Izv, Sibirsk. Otd. Akad. Nauk SSSR, Ser.
Khim., No. 2, 106 (1977).

2. A. Sallmann and R. Pfister, West German Patent No. 1,815,804 (1968); Chem. Abstr., 71,
112,637 (1969).

3. A, Vedres, L. Levai, and G. Balogh, Acta Pharm. Hung., 43, 152 (1973).

4. E. Falch, J. Weis, and T. Natwig, J. Med. Chem., 11, 608 (1968)

5. M. Matter and P. Staehelin, Swiss Patent No. 451 945 (1968); Ref. Zh. Khim., 18N362
(1969).

6. A. G, Fadeicheva, V. K. Karn, V. A. Portnyagina, V. P, Trinus, N. A, Mokhort, I. L.
Faktorovich, and I. S. Barkova, USSR Author's Certificate No. 396,333 (1973); Byul.
Izobr., No. 36, 45 (1973).

7. V. P, Mamaev, V. P. Krivopalov, M. A. Mikhaleva, A. P. Gilev, Z. P. Gureeva, and T. V.
Mikhailova, USSR Author's Certificate No. 392,066 (1973); Byul. Izobr., No. 32, 50 (1973).

8. R. V. Coombs, R. P. Danna, M. Denzer, G, E. Hardtmann, B. Huegi, G. Koletar, J. Koletar,
and H. Ott, J. Med. Chem., 16, 1237 (1973)

9. V. P, Mamaev and V. F, Sedova, Izv. Sibirsk. Otd. Akad. Nauk SSSR, Ser. Khim., No. 7,

87 (1969).

10. C. A. R. Hurt and H. Stephen, Tetrahedron, Suppl., 7, 227 (1966).

11. C. E., Volker, M. Schonfeld, and H. Beyer, Z. Chem., §_ 103 (1968).

12. M. L. F. Armarego, T. V. Batterham, and J. R. Kershaw, Org. Magn. Res., 3, 575 (1971).

13. A. F. Coclerill, G. L. 0. Davies, R. C. Harden, and D. M. Packam, Chem. Rev., 73, 579
(1973).

14. V. F, Sedova and V. P, Mamaev, Izv. Sibirsk. Otd. Akad. Nauk SSSR, Ser. Khim., No. 14,
97 (1976).

15. M. Witanowski and G. A. Webb (editors), Nitrogen NMR, Plenum Press, London-New York
(1973), p. 163.

l6. V. F. Sedova, V. A. Samsonov, and V. P, Mamaev, Izv. Sibirsk. Otd. Akad. Nauk SSSR, Ser.
Khim., No. 14, 93 (1972).

17. T. Matsukawa and B. Ohta, J. Pharm. Soc. Japan, 70, 134 (1950); Chem. Abstr., 44, 5886
(1950).

18, V. P. Mamaev and O. A. Zagulyaeva, Khim. Geterotsikl. Soedin., No. 1, 354 (1967).

19. V. P. Mamaev and V. F. Sedova, Zh., Obshch. Khim., Biologically Active Compounds, 32
(1965).

556



