SYNTHETIC ANALOGUES OF Peganum ALKALOIDS.
ITI. PENTAMETHYLENEQUINAZOLONES
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and L. Yu. Yunusov

Monosubstituted 5-, 6-, and 8-methoxy-3,4-dihydro-2,3-pentamethylenequinazolones
(1-3) have been syntehsized by the condensation of monosubstituted methoxy-
anthranilic acids with caprolactam. Demethylation with hydrobromic acid gave the
corresponding hydroxy compounds [4-6]. When the 6- and 8-methoxy- and 6- and
8-hydroxy-3,4-dihydro-2,3-pentamethylenequinazolones (2, 3, 5, and 6) were re-
duced with zinc in hydrochloric acid, the corresponding quinazoline derivatives
(7-10) were obtained. The melting points of the basis and their hydrochlorides
are given. Some features of their UV, mass, and PMR spectra are reported.

Continuing work on the production of analogues of Peganum L. alkaloids [1, 2], we have
synthesized pentamethylenequinazolones (II) and pentamethylenequinazolines (III). The quin-
azolones (II) were synthesized by condensing substituted anthranilic acids (I, R' = H) with
caprolactam in the presence of phosphorus oxychloride [3]. The use of toluene as solvent
in this reaction permits the amount of phosphorus oxychloride to be decreased and the hetero- -
geneity of the reaction mixture to be lowered.

, ]
- BO0R " ] JkN/ N
R + —— R —— R
SNH, O N N
1 b1 m
1 aR= §-0c4,, R'=H o,m a,H = 5-0CHy;d, R = 6- OCH,,
bR= 5-0CH,, R'=CH, b,R = 8-0CH,; €, R = 5-OH,
cR= 3-0CH,, R'=H CsR=6-04 f,R=g-0n
ALY COoH conH
o —
[:;:I:no, NG, tiH,
OCH, OCH, GCH;
v v Ic

6-Methoxyanthranilic acid (Ia) was obtained from m-dinitrobenzene in three stages by
the scheme given in a preceding paper [2].

For the synthesis of 6-methoxy-3,4-dihydro-2,3-pentamethylenequinazolone (IIb) we used
not 5-methoxyanthranilic acid (Ib, R' = H) but its methyl ester (Ib, R' = CH,). The latter
was obtained from 5-methoxyisatin [1] by oxidation with hydrogen peroxide in the presence
of sodium methanolate [4]. The use of methyl 5-methoxyanthranilate in the condensation
reaction in place of 5-methoxyanthranilic acid permitted the yield of the quinazalone (IIb)
to be doubled in comparison with the scheme adopted previously [1]. 1In the preparation
of 3-methanthranilic acid (Ic) we changed the sequence of operations in the scheme of
synthesis given in [1], which permitted the stage of acylating the amino group followed
by the saponification of the acyl residue to be eliminated. 3-Methoxy-2-nitrotoluene (IV)
[1] was oxidized to the corresponding benzoic acid (V), and then the 3-methoxy-2-nitro-
benzoic acid (V) was reduced to 3-methoxyanthranilic acid (Ic) under the conditions given

in [5]. These modifications doubled the yield of 3-methoxyanthranilic acid (Ic) in compari-
son with the scheme of synthesis used previously [1].
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TABLE 1. PMR Spectra of the 3,4-Dihydro-2,3-pentamethylene-

quinazolones

Com- Aromatic protons Methylene protons ocH
pound s | e | 7 | s o | 1| 0-n :

[}

Vi 8.25 7.00 m 3,00m | 432m]|18 bs; -
I1a — 6,38d {763t |7,18d |3,02m | 437 m (],87bs {3.97s
Ity 7,628 — 7,32d (7,554 |3,0lm {435 m |1,79bs | 3.86 s
llc 7,754 7.24¢t 7,064 - 3,10m | 434 m | 1.79bs | 3,95 s

s — singlet; d — doublet; t — triplet; m — multiplet;
bs — broadened singlet.

The reduction of the pentamethylenequinazolones (II) to the corresponding pentamethyl-
enequinazolines (III) took place less smoothly than in the case of the trimethylenequina-
zolones [1]. The yields of (III) did not exceed 30-507 because of the formation of a number
of by-products, and we were unable to obtain the corresponding quinazolones (III) from
5-methoxy-3, 4-dihydro-2,3-pentamethylenequinazolone (IIa) and 5-hydroxy-3,4-dihydro-2,3-
pentamethylenequinazolone (IId). Similarly, we did not obtain a 5-hydroxytrimethylenequin-
azoline from 5-hydroxy-3,4-dihydro-2,3-trimethylenequinazolone {2]. This is apparently
prevented by a strong hydrogen bond between the substituent in the C-5 position and the
carbonyl group at C-4, and also by steric hindrance.

The hydroxypentamethylenequinazolnes (IId-f) and the hydroxypentamethylenequinazolines
(I1Ie, f) were synthesized in a similar manner to the hydroxytrimethylenequinazolones de-
scribed in [1, 2].

In the UV spectra of the quinazolones (IIa-c), five absorption bands were observed
in the 237, 276-280, 287-289, 319-322, and 332-335 nm regions which had undergone a batho-
chromic shift in comparison with quinazolones unsubstituted in the benzene ring [6].

For the hydroxy compounds (IIe and f), the bathochromic shift was even more considerable
(342-343 nm), while for the 5-methoxy- and 5-hydroxypentamethylenequinazolones (IIa.and
d), and the UV spectra coincided. The spectra of the weakly phenolic compounds (IId and
f) did not change on the addition of alkali, in contrast to the phenol (IIe), in the spectrum
of which there was only one maximum in the 300 nm region. Similar changes on the addition
of alkali are undergone. by the UV spectrum of 6-hydroxytrimethylenequinazolone. In the
quinazolines (III), two absorption maxima characteristic for 3,4-dihydroquinazolines were
observed in the 215 and 290 nm region [6].

In the mass spectra of substances (IIa-c) the characteristics established for the
corresponding trimethylenequinazolones and for a pentamethylenequinazolone unsubstituted
in the benzene ring {2, 7] were observed. The strongest peak was that of the molecular
ion. Subsequent fragmentation took place through the cleavage of ring C. Processes leading
to the breakdown of the methoxy group raised the intensity of the (M — 15)% ion in the quin-
azolone (IIb) and of the (M — 29)%t ion in compound (IIa), where this process was the domi-
nating one. In the hydroxyquinazolones (IId-f), the difference in the intensities of the
jons was not so considerable, although one must note an increased intensity of the (M — 29)t
jon for (IId) and for the (M — 17)* ion for (IIe). In the mass spectra of the quinazolines
(II1), regardless of the nature and position of the substituents, the main peak was that
of the (M — 1)% ion.

The PMR spectra of the quinazolones (II) (Table 1), were similar to the spectra of
the trimethylquinazolones [1]. The signals of the methylene protons in positions 10, 11,
and 12 were very close and appeared in the form of broadened six-proton singlets. In com-
pounds (IIb and c), as a result of the influence of the methoxy group; no downfield shift
of the signal of the C-5 proton was observed as in the case in the unsubstituted penta-
methylenequinazolone (VI) (see Table 1).

EXPERIMENTAL
For general remarks see [1].

6-Methoxy-2-nitrobenzonitrile was obtained by the procedure described in [8].
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6-Methoxy-2-aminobenzonitrile. A mixture of 4.41 g of the nitro compound, 5 g of iron,
33 ml of methanol, and 40 ml of conc. hydrochloric acid was heated in the water bath. for
6.5 h. The crystals that deposited on cooling were filtered off with suction and washed
with acetone: 3.24 g, mp 210-212°C (decomp.); the melting point of the base obtained from
the hydrochloride was 139-140°C. According to the literature [9]: 125-138°C.

6-Methoxyanthranilic Acid (Ia). A mixture of 3.24 g of 2-amino-6-methoxybenzonitrile
hydrochlroide and 20 ml of 207 NaOH was heated in the boiling water bath for 27 h. Then
the reaction mixture was cooled and filtered, and the filtrate was acidified by pH 4 with
conc. HCl. The precipitate that deposited (1.09 g) was filtered off with suction. It was
used without further purification.

Methyl 5-Methoxyanthranilate (Ib). With cooling and stirring, to a suspension of 6.5 g
of 5-methoxyisatin in 55 ml of methanol was added 20 ml of 307 methanolic sodium methanolate
and then, dropwise, 10 ml of 35% H,0, in such a way that the temperature of the reaction
mixture remained between 0 and 10°C. After the mixture had been stirred for 30 min at room
temperature, the methanol was driven off. Water was added to the residue and the reaction
product was extracted with dichloromethane. After the solvent had been eliminated, a red-
brown o0il remained which was used without further purification.

3-Methoxy-2-nitrobenzoic Acid (V). With vigorous stirring, 20 g of potassium permanga-
nate was added in small portions to a suspension of 5 g of 3-methoxy-2-nitrotoluene [1]
in 215 ml of hot water. The reaction mixture was heated in the boiling water bath for 2 h,
and then the hot mixture was filtered and the residue was carefully washed with hot water.
The filtrate and the washwaters were combined and were evaporated to 50 ml, and, with ice
cooling, they were acidified with conc. HCl. The voluminous white precipitate that deposited
was filtered off with suction, dried in the air, and recrystallized from absolute ethanol;
vield 3.4 g, mp 249-250°C. According to the literature [10]: mp 251°C.

3-Methoxyanthranilic Acid (Ic). A solution of 4.5 g of the acid (V) in 50 ml of ethanol
was treated with 4.5 ml of 957 hydrazine hydrate. The reaction mixture was heated to 50°C
and 0.7 g of freshly prepared Raney nickel was added and it was then boiled for an hour,
at the end of which a further small amount of Raney nickel was added to decompose the excess
of hydrazine hydrate. The ethanol was distilled off, and, with cooling, the residue was
treated with conc HCl. The 3-methoxyanthranilic acid hydrochloride that deposited was fil-
tered off with suction, and dried in the air; 3.23 g, mp 202-203°C (glacial acetic acid);
mp of the acid 170-171°C, which agrees with the results obtained previously [1].

5-Methoxy-3,4-dihydro-2,3-pentamethylenequinazolone (IJa). With stirring 0.69 g of
caprolactam and then 0.83 g of the hydrochlroide of the acid (Ia) were added to a solution
of 2 ml of phosphorus oxychloride in 5 ml of toluene. The mixture was heated at 100-140°C
for 2 h. The toluene and the excess of POCl; were evaporated off. A concentrated solution
of NH,OH was added to the residue and it was treated with chloroform. The o0il remaining
after the chloroform had been driven off was transferred to a column containing 20 g of
A1,0,. On elution with benzene the first fractions gave 0.4 g of (IIa) with mp 135°C
(hexane—acetone (4:1)), and the subsequent fractions gave 0.25 g of the hydrochloride of
(IIa) with mp 212°C (decomp.).

IR spectrum (v, em~!): 1570, 1600, 1675.
Mass spectrum (m/z, Z): 244 (92), 243 (37), 215 (100).

6-Methoxy-3,4-dihydro-2,3-pentamethylenequinazolone (IIb). A. To a solution of 1.31
g of caprolactam in 33 ml of toluene was added, in drops, 3.8 ml of phosphorus oxychloride
and then a solution of 1.4 g of methyl 5-methoxyanthranilate. The reaction mixture was
stirred and heated at 100°C for 3 h. After cooling, the liquid layer was decanted off.
Concentrated NH,OH was carefully added to the residue, and it was treated with chloroform.
The chloroform extract was dried with Na,SO, and filtered, and the chloroform was evaporated
off. The semicrystalline reddish brown residue was passed through a column of Al,0; with
benzene as eluent. This gave 1.53 g (81%) of (IIb) with mp 118-119°C. According to the
literature {11]: mp 116-117°C; melting point of the hydrochloride 225-226°C.

IR spectrum (v, em~!): 1575, 1595, 1620, 1670.
Mass spectrum (m/z, %): 244 (100), 243 (23), 229 (67), 215 (68), 190 (87).
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B. The condensation of 0.59 g of caprolactam with 0.71 g of 5-methoxyanthranilic acid
under the conditions described above yielded 0.56 g (66%) of (IIb).

8-Methoxy-2,3-dihydro-2,3-pentamethylenequinazolone (IIc). This was synthesized in
a similar manner to (IIa) from 2.55 g of 3-methoxyanthranilic acid hydrochloride. The yield
of (IIc) was 1.5 g, mp 139°C (hexane—acetone (4:1)). According to the literature [3]: mp
138-139°C; hydrochloride, mp 198°C (decomp.).

IR spectrum (v, cm™'): 1575, 1600, 1675.
Mass spectrum (m/z, %): 244 (100), 243 (24), 229 (24), 215 (33), 190 (38).

The Hydroxy-3,4-dihydro-2,3-pentamethylenequinazolones (IId, e, and f). There were
obtained from the corresponding methoxy-3,4-dihydro-2,3-pentamethylenequinazolones (IIa,
b, and c) by heating them with 47% hydrobromic acid [1]. Compound (IId), mp 140-141°C
(hexane); hydrochloride, mp 201-202°C; Mt 230; yield 74%; compound (IIe): mp 231-232°C
(A12034column, eluent benzene); hydrochloride, mp 247-248°C; Mt 230; yield 837%; compound
(IIf): mp 156°C (hexane—acetone (1:1)); hydrochloride, mp 235-237°C (decomp.);Mt 230; yield
80%.

The Methoxy and Hydroxy-3,4-dihydro-2,3-pentamethylenequinazolines (IIIb, c, e, and
f) were synthesized from the corresponding quinazolones (IIb, c, e, and f) by reduction
with zinc in hydrochloric acid, according to [1]. After the usual working-up procedure,
in each case an oily residue remained which consisted of a mixture of 6-8 substances. To
this mixture was added an ethanolic solution of hydrochloric acid, the ethanol was evapo-
rated off, and the residue was treated with acetonitrile. The crystalline hydrochloride
that separated out was filtered off with suction and was recrystallized from a 1l:1 mixture
of acetone and ethanol. Compound (IIIb): hydrochloride, mp 249-250°C; base,mp 113-114°C;
yield 40%; compound (IIIc): hydrochloride, mp 197-199°C (decomp.), yield 517%; compound
(IIIe): hydrochloride, mp 212-213°C, yield 50%; compound (IIIf): hydrochloride, mp 223-
227°C; yield 337.

SUMMARY
1. 3,4-Dihydro-2,3-pentamethylene-4-quinazolones monosubstituted in the benzene ring
with methoxy groups in positions 5, 6, and 8, respectively, have been synthesized.

2. A modification of the schemes of synthesis used previously has permitted the yields
of 6- and 8-methoxy-3,4-dihydro-2,3-pentamethylenequinazolones to be doubled.

3. The reduction of the pentamethylenequinazolones to the corresponding quinazolines
has been studied.

4. It has been shown that a methoxy group in a pentamethylenequinazolone is smoothly
demethylated.

5. Some characteristic features of the spectra of the compounds obtained have been
reported.
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