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SYNTHESIS AND PROPERTIES OF DEOXYPEGAN-1-ONE
L. M. Potikha, N. V. Shkol'naya, and V. A. Kovtunenko UDC 547.856.1+547.75

Quinazolyl-2-propionic acid hydrochlorid&)was synthesized by reduction of N-(o-nitrobenzyl)succinimide
with tin chloride. A pyrroloquinazolin-1-oned{ 3,9-dihydropyrrolo[2,1-b]quinazolin-1(2H)-one} was
prepared in 68% yield by heatirsgn Ac,O and subsequent treatment wit@ft Compound was obtained

in 71% vyield in one step by reduction f(o-nitrobenzyl)succinimide with Fe in the presence of HCI.
Compoundt was protonated, alkylated, and acylated on thg &tom. Derivatives of quinazolyl-2-propionic
acid and 1-(2-aminobenzyl)succinimide were prepared by reaction of derivativewitf nucleophilic
reagents.

Key words: alkylation, acylation, 3,9-dihydropyrrolo[2Hlquinazolin-1(2H)-one, quinazolyl-2-propionic acid,
1-(2-aminobenzyl)succinimide.

The search for new synthetic pathways and the study of the properties of pyrrojg{@rkzoline derivatives have
recently acquired increasing importance. 1,2,3,9-Tetrahydro- and 9-oxo-dihydratigesivof this heterocyclic system
[peganinela), deoxypeganinelp), vasicinoneZa), and deoxyvasicinonlf)] are the principal alkaloids Beganum harmala
andP. nigellastrumand possess distinct cholinotropic activity [1, 2]. For this reason, they have been used pharmacologically
to treat various types of dependency (nicotine, alcohol, drug) and the depredsseAlheizmer disease, and respiratory
malfunctions associated with them [3-7].

Other derivatives of pyrrolo[2 lquinazoline are also known. Theseinclude 2,3-dihydropyrroldjRjdinazolin-1,9-
dione @) [8-11] and 3,9-dihydropyrrolo[2,blquinazolin-1(2H)-one (deoxypegan-1-ordg, which was prepared for the first
time by Gabriel at the beginning of the last century [12]. However, the properdiesd# have practically not been studied
because of their scarcity. Currently known chemical transformatichiofude only reduction [12-15] and opening of the
pyrrole ring upon reaction with nucleophiles [12-14]. The only reactions with electrophiles are formation of the prottmated sa
4-HI and4-H,SnC [12] and the picrate [14].
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Herein we present results from a study of the synthedisofl its reactions with certain electrophiles.

Methods for preparingt rely on reduction olN-(o-nitrobenzyl)succinimide [12, 13, 15, 16] or succinic acid
(o-nitrobenzyl)amide [13, 14]. In all instances, the final yield of product was <40%. We used the literature method [13] to
prepared. This consisted of reduction BE(o-nitrobenzyl)succinimide by tin chloride. In the original method, the "acid
chloride" formed in the final step was treated with silver carbonate solution and a#fi¢d®8d). These same researchers found
that the N,y C(1) bond in4 was readily cleaved by weak bases (dilute NaOH solution or barite water) to give quinazolyl-2-
propionic acid$). This explained the production of a small quantity (<109%)cdfring the isolation of pyrroloquinazolin-1-
one.

Our spectral investigations of the intermediate (acid chloride) showed that it was a mixture consisting of 85%
quinazolyl-2-propionic acid chlorid&{HCI). Multiple recrystallizations of the mixture from water produced pu+€l in 50%

ield.
g It was previously found [12] th&treadily loses water upon vacuum distillation and cyclizeslinie found that this
transformation also occurs on boiliBgHCI in acetic anhydride and forrdsHCI, which reacts with BN to give free basé
in quantitative yield. Use of the acid chloride in these reactions enabled the final vigttbef increased to 68%. Heating
5-HCI in the presence of bases [12] or vacuum distillation in the presence of KOH prédugéelds of <40%.

A characteristic feature of the spectrabefiCl salt was the presence of signals for OH and NH groups. The PMR
spectrum contained singlets at 12.47 and 10.88 ppm that exchangeg@ithTbBe IR spectra had a broad bandvigy on
vibrations at 3150 crh  Aromatic protons and methylenegEl, and Gz)H, in the PMR spectrum & HCI resonated at
weaker field compared with the spectrund d¢fiCl. The splitting of signals i HCI and5-HCI corresponded to AXX' spin

systems. The chemical shifts of the cyclic prodiEtCl differed much more than those ®HCI.
We found that4 was also formed upon reductionNs{o-nitrobenzyl)succinimide by Fe in the presence of HCI.

In contrast with the previously developed methods of Zn or Sn reduction in acidic medium that fornly primari
N-(o-aminobenzyl)succinimide or quinazolyl-2-propionic acid, the proposed method can pfodumee step in good yield
(71%).

Compound4 was hydrolytically unstable in aqueous acidic and basic solutions. Depending on the concentration and
the reaction temperature, not only thg \+C 1) amide bond could cleave but also thgCs,)imino bond. This reaction
is typical of 5-imino-2-pyrrolidinone derivatives [17, 18]. Furthermore, according to the literature on the oxidationiogpegan
and deoxypeganine [19, 20], oxidation of the methylene at the 9-position should readily occur under these same conditions.
Therefore, complicated mixtures of products are formed in most instances upon readtwithafiucleophiles. However,
heatingd-HCI with p-toluidine produced in good yield (70%) 3-(3,4-dihydro-2-quinazolinyl)-4-(4-methylphenyl)propanamide
(6). This same compound was easily formed by the reactiorbwl@l.

The simplest example of a reaction with electrophiles is the formation of protoradtt®d Bor4, this can only be
carried out in anhydrous media. Passing gaseous HCI through a solutionatfsolute EtOH producedHCl; fusion with
p-toluenesulfonic acid}-HOTs. The PMR spectra 4fHX salts had different positions for the signal of the aromatic proton
with 0-SSCC (8.0 Hz) assigned to the resonance of H-5.4-F&l, this was an isolated doublet at 7.46 ppm4fblOTs,
7.24 ppm. Obviously, the signal for H-5 behaved this way because of shielding by the bulky aniort4OTs, which was
positioned near the cationic center, protonatgg N

Pyrrologuinazolin-1-onedj also forms readily quaternary salts upon fusion with alkyltosylates. Signals for protons
of C(2)H2 (2.85 ppm, m), @)HZ (3.47 ppm, m), and H-5 (7.58 ppm,3,= 8 Hz) in the PMR spectra of 4-alkyl-1,2,3,9-
tetrahydropyrrolo[2,B]quinazolin-4-ium tosylate§&andb) appeared at weaker field compared with the corresponding signals
in starting4. Performing the reaction in solutions (acetonitrile, acetone, methylethylketone, propan-2-ol) with alkyltosylates,
alkyliodides, and benzylchloride formddHX salts. However, complicated mixtures of hydrolysis products formed in the
presence of bases {803, i-PrONa, EfN). Quaternary salta andb, like protonated saltd-HX (X = Cl, OTs, I), are
hydrolytically unstable in the presence of bases. However, in contragkiWKhthe main course of the reaction with &,
and EfN is cleavage of the(&;:C(?,a) bond to produce 1-(2-aminobenzyl)succinimilg {hich was demonstrated using
4-ethylpyrroloquinazolin-4-ium tosylatélf) as an example. Acylation productgefere even less stable hydrolytically. Thus,
heating in anhydrous pyridine with benzoylchloride produced only the cleavage product of 4-benzoyl-1,2,3,9-
tetrahydropyrrolo[2,1-b]quinazolin-4-ium chloridéy-{2-[(2,5-dioxo-1-pyrrolidinyl)methyl]phenyl}benzamide9). The
presence of signals for NH groups in the PMR specB8anfl9 (5.26 ppm fo8 and 10.11 ppm fd®) and in the IR spectra
(3320-3420 cd) indicated that they had formed. The methylene protons of the succinimide were equivalent and observed as
a 4H singlet at 2.68-2.70 ppm.
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EXPERIMENTAL

Melting points were determined on a Boetius heating stage and are uncorrected. IR spectra of compounds in KBr disks
were recorded on a Pye Unicam SP3-300 instrument. PMR spectra of compounds in pat&@eahs were obtained on a
Mercury 400 (Varian, 400 MHz) instrument with TMS internal standard. Chemical shifts are giverdacdlee The course
of reactions and purity of products were monitored using TLC on Silufol UV-254 plates. Elemental analyses of all compounds
agreed with those calculated.

3,9-Dihydropyrrolo[2,1-b]quinazolin-1(2H)-one (4). Method A. A mixture of SnCJ-2H,0 (15 g, 0.07 mol) and
HCI (20 mL,p = 1.192) was stirred, treated in portions vathitrobenzylsuccinimide (5 g, 0.02 mol), and heated for 1 h on
a water bath at 70°C. The precipitate that formed on cooling was filtered off, washed with HCI splatlo©42), and dried
to afford a colorless crystalline compound (4.38 g) that was dissolved in disglz¢5d mL). HS was passed through the
solution for 15 min. The resulting yellow precipitate was filtered off. The bulk of the water remaining in the filtrate was
evaporated in vacuo (water aspirator, temperature <80°C). The colorless crystalline precipitate that formed on cooling was a
mixture that contained quinazolyl-2-propionic acid hydrochloBddCl, 85%), which was filtered off and washed with alcohol.

Then the mixture (2 g) obtained from reductioroafitrobenzylsuccinimide by SngPH,O was heated in acetic
anhydride (5 mL) for 2 h. The precipitate that formed on cooling was filtered off and washed with acetone to afford colorless
crystalline 3,9-dihydropyrrolo[2, bjquinazolin-1(2H)-one4-HCI), which was heated with 4 (5 mL) for 1 h. The hot
solution was decanted and concentrated in vacuo. The colorless crystalline precipitate that formed onasooling w
3,9-dihydropyrrolo[2,1b]quinazolin-1(2H)-one4, 1.36 g, 68%), mp 189-191°C 48, lit. [15] 192°C).

Method B. A mixture ofN-(o-nitrobenzyl)succinimide (1 g, 0.004 mol) and Fe (dust, 2.5 g) was heated in EtOH
(10 mL) and HCI (0.5 mLp = 1.192) for 7 h. The hot solution was filtered. Solvent was evaporated at reduced pressure. The
solid was crystallized from EtOH. Yield 0.56 g (71%), mp 190-192°C (EtOH).

IR spectrum (KBry, cnl): 1730 (C=0), 1630 (C=N), 1610, 1410, 1210, 1200, 810, 770. PMR spectrum (400 MHz,
DMSO-d;, 8, ppm, J/Hz): 7.16 (1H, m, H-7), 7.08 (2H, m, H-5, H-6), 7.03 (1H, d, 3= 7.8, H-8), 4.72 (Z}H5) 2.82 (2H,

m, Go)Ho), 2.57 (2H, m, @gHy). Cy9H1gNL0.

3,9-Dihydropyrrolo[2,1-b]quinazolin-1(2H)-one Hydrochloride (4HCI). Gaseous HCl was passed through a cooled
suspension of (1 g, 0.005 mol) in 5 mL of absolute alcohol for 1 h. The solution was concentrated in vacuo. The precipitate
that formed was filtered off, washed with acetone, and recrystallized from water to afford a colortesiéneyompound.

Yield 0.88 g (74%), mp 186-189°C (EtOH). IR spectrum (KBcntl): 3100 (N-H), 1745 (C=0), 1670 (C=N), 1640, 1590,
1420, 1200, 1180, 800, 760.

PMR spectrum (400 MHz, DMSOg0d, ppm, J/Hz): 7.45 (1H, d, J = 8.0, H-5), 7.37-7.27 (3H, m, H-6—H-8), 4.85
(2H, s, GgHp), 3.24 (2H, m, Hy), 2.77 (2H, m, gHy). C;1H11CINO.

3,9-Dihydropyrrolo[2,1-b]quinazolin-1(2H)-one Tosylate (410Ts). A mixture of4-HCI (1 g, 0.005 mol) and
p-toluenesulfonic acid (0.77 g, 0.005 mol) was ground in a mortar, fused in an oil bath at 170°C for 1.5 h, cooled, and treated
with propan-2-ol (10 mL). Theresulting precipitate was filtered off, washed with propan-2-ol, and recrystallized fron2propan-

ol to afford colorless crystals. Yield 1.1 g (70%), mp 176-179°C (dioxane). IR spectrunv(KBri): 3460 (N-H), 1790
(C=0), 1675 (C=N), 1620, 1590, 1420, 1210, 1195, 815, 725.

PMR spectrum (400 MHz, DMSQs00, ppm, J/Hz): 7.48 (2H, d, J = 8.0, H-BI-6), 7.35-7.30 (3H, m, H-6—H-8),
7.24 (1H,d, J=7.8, H-5), 7.08 (2H, d, J = 8.0,'HFB5), 4.85 (2H, s, {g)H,), 3.24 (2H, m, )H)), 2.78 (2H, m, (zH,),
2.32 (3H, s, Cg4'), C;gH1gN-0O3S.

3,9-Dihydropyrrolo[2,1-b]quinazolin-1(2H)-one lodide (4HI). A boiling suspension @f(1 g, 0.005 mol) in CECN
(5 mL) was treated with methyl iodide (0.8 mL, 0.008 mol), boiled for 4 h, and cooled to afford colorless crystads. Yiel
1.17 g (70%), mp 245-246°C (dec., dioxane).1HG 1IN,0.

The PMR (DMSO-¢) and IR spectra corresponded with thosé-BiCl.

Quinazolyl-2-propanoic Acid Hydrochloride (5HCI). Repeated recrystallization 4fHCI (1 g, 0.005 mol) from
water afforded-HCI. Yield 0.55 g (50%), mp 196-198°C4®)), lit. [12] mp 202°C. IR spectrum (KBv, cntl): 3150 (N-H,

O-H), 1730 (C=0), 1660 (C=N), 1630, 1585, 1450, 1200, 1175, 830, 770.

PMR spectrum (400 MHz, DMSQg00, ppm, J/Hz): 12.40 (1H, s, OH), 10.82 (1H, s, NH), 7.24 (2H, m, H5"),

7.16 (1H,1,J=8.0, H'p 7.12 (1H, d, J = 8.0, HB 4.72 (2H, s, (yHp), 2.93-2.76 (4H, m, GH,, Cz)Hy).
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3-(3,4-Dihydro-2-quinazolinyl)-4-(4-methylphenyl)propanamide (6). Method A. A mixture of4-HCI (1 g,
0.005 mol) angb-toluidine (0.5 g, 0.005 mol) was ground in a mortar, fused in an oil bath at 150°C for 2 h, cooled, and treated
with dioxane (10 mL). The precipitate that formed was filtered off, washed with dioxane, and recrystallized from dioxane to
afford light brown crystals. Yield 0.92 g (70%).

Method B. A mixture of5-HCI (2 g, 0.008 mol) angHtoluidine (0.9 g, 0.008 mol) was ground in a mortar, fused in
an oil bath at 150°C for 2 h, cooled, and treated with dioxane (10 mL). The precipitate that formed was filtered off, washed
with dioxane, and recrystallized from dioxane to afford light beige crystals. Yield 1.7 g (70%), mp 202-205°C (dioxane).
IR spectrum (KBry, cntl): 3320 (N-H), 1670 (C=0), 1640 (C=N), 1590, 1545, 1450, 1200, 1120, 820, 770.

PMR spectrum (400 MHz, DMSQOg, ppm, J/Hz): 10.21 (1H, s,NH), 7.48 (2H, d, J = 7.6, H*2H-6"), 7.25-7.12
(4H, m, H-3—H-8), 7.02 (2H, d, J = 7.6, H*3H-5"), 4.74 (2H, s, (yHy), 2.96 (2H, m, yHy), 2.87 (2H, m, @zH)), 2.27
(3H, s, CH-4). CgH1gN3O.

4-Methyl-1,2,3,9-tetrahydropyrrolo[2,1-b]quinazolin-4-ium Tosylate (7a). A mixture of4 (1 g, 0.005 mol) and
methyltosylate (1.1 g, 005 mol) was ground in a mortar, fused in an oil bath78°C for 2.5 h, cooled, and treated with
propan-2-ol (10 mL). The precipitate that formed was filtered off, washed with propan-2-ol, and recrystallized from ptopan-2-o0
to afford colorless crystals. Yield 1.25 g (60%), mp 130-134°C (propan-2-ol). IR spectrunv(KBrl): 1790 (C=0), 1665
(C=N), 1595, 1220, 1120, 820, 685.

PMR spectrum (400 MHz, DMSOg00, ppm, J/Hz): 754 (1H, d, J = 8.0, H-5), 7.40-7.20 (5H, m, H-6—H-8, H-2
H-6'), 7.04 (2H, d, J = 8.0, H;3H-5), 4.87 (2H, s, (g)Hy), 3.65 (3H, s, NCH), 3.46 (2H, m, ()H)), 2.85 (2H, m, z)Hy),
2.31 (3H, s, Cg4'). CigHogN-,O3S.

4-Ethyl-1,2,3,9-tetrahydropyrrolo[2, 1-b]quinazolin-4-ium tosylate (7b)was prepared by the method given7ar
using ethyltosylate (1.1 g, 0.005 mol). Yield 1.4 g (65%), mp 160-163°C (propan-2-ol). IR spectrum, (&BH): 1800
(C=0), 1640 (C=N), 1595, 1200, 1130, 815, 675.

PMR spectrum (400 MHz, DMSOg00, ppm, J/Hz): 7.58 (1H, d, J = 8.0, H-5), 7.47-7.41 (5H, m, H-6—H-8, H-2
H-6'), 7.03 (2H, d, J = 8.0, H-3H-5), 4.86 (2H, s, (g)H,), 4.20 (2H, q3J=7.0, NCHCHy), 3.47 (2H, m, )Hy), 2.85 (2H,
m, GzHo), 2.31 (3H, s, Cht4), 1.39 (3H, t33 = 7.0, NCHCHy). CygH2oN,03S.

1-[2-(Ethylamino)benzyl]-2,5-pyrrolidinedione (8). 7b (1 g, 0.003 mol) was boiled with & (5 mL) for 1 h. The
solution was concentrated in vacuo. The oil that formed was treated with water. The aqueous solution was extracted three time
with CCl, (30 mL each). The extract was evaporated to afford a light brown oil. Yield 0.34 g (50%). IR spectrum (KBr,
cml): 3440 (N-H), 1700 (C=0), 1640 (C=N), 1545, 1180, 1030, 825, 770.

PMR spectrum (400 MHz, DMSQOg00, ppm, J/Hz): 7.12 (1H, d, J = 7.2, H-6), 7.07 (1H, t, J = 8.0, H-4), 6.52 (2H,
m, H-3, H-5), 5.26 (1H, br.s, NH), 4.42 (2H, s, Arg}H3.08 (2H, q3J = 7.0, NCHCHjy), 2.68 (4H, s, —C(O)C}CH,CO-),
1.29 (3H, £33 = 7.0, NCHCHy). C;3H;gN,0..

N-{2-[(2,5-Dioxo-1-pyrrolidinyl)ymethyl]phenyl}benzamide (9). A boiling suspension df(1 g, 5 mmol) in pyridine
(5 mL) was treated with benzoyl chloride (2.2 mL, 5 mmol), boiled for 14 h, cooled, and treated with water (20 mL). The
precipitate that formed was filtered off, washed with water, and recrystallized from propan-2-ol to afford colorlessfcrystals o
9. Yield 0.88 g (57%), mp 186-190°C (propan-2-ol). IR spectrum (KRmt1): 3320 (N-H), 1700 (C=0), 1675 (C=0), 1530,
1410, 1350, 1310.

PMR spectrum (400 MHz, DMSOgz, ppm, J/Hz): 10.11 (1H, s, NH), 8.05 (2H, d, J = 8.0, H-2, H-6), 7.59-7.48 (4H,
m, H-3—H-5, H-6), 7.31 (2H, m, H-3H-4), 7.16 (1H, t,J=8.0, H'5 4.59 (2H, s, ArCH), 2.71 (4H, s, —-C(O)C}CH,CO-).
C1gH16N20s:
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