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Abstract - 1,2,3,4-Tetrahydrodipyrido[l,2-a:4,3-d]pyrimidin-
l1-ones (2-azapyracridones), a novel type of heterocycles,

were synthesized by cyclization of 2-amino-6-methylpyridine
with 3-methoxycarbonyl-4-piperidone or its N-benzyl derivative.
In the presence of palladium-on-carbon under mild conditions,
the 2-azapyracridones undergo intermolecular hydrogen-transfer
reactions. The product distributions can be shifted by ap-
plying solvents of proton donor or proton acceptor character;
in this way, three differently saturated members of this ring
system were prepared.

6,7,8,9-Tetrahydropyrido[2,1-b]quinazolin-11-ones, i.e. the pyracridones,2 and
their ring C homologues (1) are alkaloids occurring in a number of plants;.}_5 Syn-
theses of type 2 analogues and their ring A homologues have been achieved through
the cyclization of alicyclic B-ketocarboxylates with Z-aminopyridines.s'll Several
of these compounds have proved to display significant analgetic and antiasthmatic
effects.ll’12 Recently, partially or fully saturated stereoisomeric derivatives
of compounds 2 were synthesized and subjected to spectroscopic and X-ray diffrac-
tion structure analyses.n_16
0 A number of recent publications

have been concerned with analogues of 1

l N//\YCHﬁn (CH2n | NS and 2 containing an additional hetero
N# NZ ~\F atom in ring 517_19 or 920’21. Con-
n=0,1, 2 n=10,12,3 tinuing our synthetic and stereochemical
1 2 studies® 7212716 o compounds of type 2,

we set out to synthesize dipyrido
{1,2-a:4,3-d]pyrimidin-11-ones, i.e. the hitherto unknown 2-azapyracridone ring
system (3).
The syntheses were performed in good yields by the cyclization of 3-methoxy-
carbonyl-d—piperidone22 or its N-benzyl derivative23 with 2-amino-6-methylpyridine
in the presence of polyphosphoric acid (PPA).

Me 0 Me
R~ COOMe
0 HN N NZN\F
33: R = H
3b = CH,Ph

In the course of the debenzylation, and also in order to prepare aromatic deri-
vatives, the reactions of 3a,b in the presence of palladium-on-carbon in xylene
1157
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were investigated. Surprisingly, the N-unsubstituted 3a gave not the expected aro-
matic compound 5, but the 6,7,8,9-tetrahydro derivative 4. Under similar conditions,
the N-benzyl derivative 3b furnished a mixture of the aromatic (3) and the {-ring
saturated (4) compounds.

The above reaction, involving a high yield, is one of the rare hydrogen-
transfer reactions in which one part of the molecule (ring A) acts as hydrogen

donor, and another part (ring g) as hydrogen acceptor.24'27

A

a,

Under identical conditions, 9-methyl-1,2,3,4-tetrahydropyrido{2,l1-b]Jquinazolin-
11-one® (2, n =1, 9-CH3) did not undergo any change. However, when the reaction
was carried out with a 1:1 mixture of 2 (n = 1, 9—CH}) and the dihydropyrimidinone
3b, lH NMR study of the crude product revealed the presence of about 15% of 9-
methyl-1,2,3,4,6,7,8,9-octahydropyrido{2,1-b]quinazolin-11-one, é228
of the intermolecular mechanisms of the catalytic hydrogen-transfer observed.
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which is evidence

When the reaction of 3 was performed in nitrobenzene, acting as hydrogen ac-
ceptor, the product distributions were shifted towards the formation of 2 (Table 1).
In cantrast, when a hydrogen donor,
Table 1. Product districutions in the e.g. cyclohexene, was used, the main
reactions of ja,b and ¢ with product was 4, the 6,7,8,9-tetrahydro
palladium-on-carbon derivative. The results of experiments
in nitrobenzene and cyclohexene provide
Starting Product distribution evidence of the intermolecular pathway
Solvent 4 5 [3 aof the catalytic hydrogen-transfer.

The crude product of the reaction of

compound

3a xylene 1 0 0

3p xylene 0.4 0.6 Q 3a in cyclohexene contained about 20%
;; nitrobenzene O 1 0 of the octahydro derivative 6. The

ié nitrobenzene 0. c.8 0 latter was readily obtainable by the
i; cyclohexene 0. 0 0.2 catalytic hydrogenation of 3a and gave
35 cyclohexene 1 0 0 4 on heating in the presence of

é' xylene 1 0 0 palladium-on-carbon in xylene.

Accordingly, through appropriate utilization of this hydrogen-transfer reac-
tion in suitably selected solvent of praoton donor or proton acceptor character,
three differently saturated variants of the new dipyrido{1l,2-3:4,3-d]pyrimidine

ring system can be synthesized.

EXPERIMENTAL

Melting points are uncorrected and were determined on a Boetius micro melting
point apparatus. IR spectra were determined in KBr pills on a Unicam SP 200 spectro-
meter. °‘H NMR spectra were recorded at room temperature in CDClB solution on a
Bruker WM-250 FT instrument, with TMS as internal standard.

9-Methyl-1,2,3,4-tetrahydro-11H-dipyrido(1,2-a:4,3-d]pyrimidin-11-one (33)

2-Amina-6-methylpyridine (1.08 g, 0.01 mol) and 3-methoxycarbonyl-4-piperidone
hydrochloride (1.94 g, 0.01 mol) were heated in polyphosphoric acid (10 g) (Fluka)
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for 6 h, with stirring, in an oil-bath at 120 . The mixture was cooled to about
70 °C and water (10 ml) was added. After neutralization with 10% NaOH sclution,
the product was extracted with CHCl; (4x100 ml}. The combined extract was dried
(Na,S0,) and evaporated to afford pale-yellow crystals of 3a (1.85 g, B6%). mp
134-135 °C (ethyl acetate). *H NMR 41.88 (1H, s, NH), 2.74 (2H, t, H,-4, J,, -
5.85 Hz),® 3.05 (3H, s, CHy-9), 3.18 (2H, t, H,-3, J,, = 5.85 Hz),* 3.86 TZH, s,
H,-1), 6.58 (1H, d, H-8, J,, = 7.50 Hz), 7.27 le, d, H-6, J¢y= 9.01 Hz), 7.35
(IH, dd, H-7, Jgy = 9.01, Jy34= 7.50 Hz). IR 1690 (C=0) cm™. Anal. Caled for
CaHuNy0: C, 66.96; H, 6.09; N, 19.52. Found: C, 66.76; H, 6.22; N, 19.73.

In a similar procedure, 3b was prepared from l-benzyl-3-methoxycarbonyl-4-
piperidone hydrochloride. Aftér neutralization, the required compound crystallizgd
(66%). mp 146-147 °C (ethyl acetate). 'H NMR §2.80 (2H, 6, H,-4, J;,= 5.80 Hz),?
2.85 (2H, 6, H,-3, Jy. = 5.80 Hz)® 3.02 (3H, s, CH,-93, 3.55 (2H, S, CH,CeH,),
3.76 (24, s, H,~15,”6.56 (1H, dd, H-8, Jgp = 7.10 Hz, J .= 0.89 Hz), 728 (1H, dd,
H-6, Jg3= 9.09 Hz, J,p= 0.89 Hz), 7.3 (5H, m, CH,C H,), 7.38 (IH, dd, H-7, Jgs =
9.09 Hz, Jse¢= 7.10 Az). IR 1680 (C=0) cm™. Anal. Caltd for C,H,N;0: C, 74.73;

H, 6.27; N, 13.76. Found: C, 75.01; H, 6.41; N, 13.66.
Reactions of compounds 3a, 3b and 6 in the presence of palladium-on~-carbon

The 11H-dipyrido[l,2-a3:4,3-d]pyrimidin-1l-one derivative 3a, 3b or 6 (0.5 g)
was refluxed for 7 h in the presence of 10% palladium-on-activated carbon (0.25 g)
in xylene, cyclohexene or nitrobenzene, respectively (15 ml). After removal of the
catalyst by filtration, the solvent was evaporated under reduced pressure to af-
ford crystalline products. The total yields were between 65 and 78%; product dis-
tributions were determined by 'H NMR spectroscopy (Table 1) 4: mp 117-119 °C (di-
isopropyl ether). 'H NMR 1.81 (3H, d, CHy-9, J = 6.61 Hz)* 2.0 (4H, m, H,-7,
H,-8) 3 3.0 (2H, m, H,-6)}}* 5.09 (1H, m, H-9),77.39 (IH, d, H-4, J,, = 5.73 Hz),
8.77 (1H, dd, H-3, J,, = 5.73 Hz, J .2 = 0.79 Hz), 9.46 (1K, d, H-T, J.s = 0.79 Hz).
IR 1660 (C=0) cm™. Anal. Calcd for C,H,yN;0: C, 66.96; H, 6.09; N, 19.52. Found:
C, 66.76; H, 6.34; N, 19.66.

5: mp 125-126 °C (diisopropyl ether). ‘H NMR 42.54 (3H, s, CH,-9), 6.74 (lH,
d, H-B, Ja4= 7.98 Hz), 6.8B4 (1H, d, H-6, J ;= 7.62 Hz), 7.54 (1H, dd, H-7, Js»
7.62 Hz, J3¢ = 7.98 Hz), 8.83 (1H, d, H-4, J3, = 6.24 Hz), B.77 (1H, d, H-3, T,
6.24 Hz), 9.07 (1H, s, H-1).>* IR 1680 (C=0)"cm™*. Anal. Calcd for C,H,N0: C, 68.24;
H, 8.29; N, 19.89. Found: £, 68.08; H, 4.41; N, 19.74,

9-Methyl-1,2,3,4,6,7,8,9-octahydro-11H-dipyridof1,2-a:4,3-d]pyrimidin-11-one (§)

9-Methyl-1,2,3,4-tetrahydro-11H-dipyrido[1,2-a:4,3-d]pyrimidin-11-one (3a)
(0.5 g) was dissolved in methanol (50 ml) and hydrogenated in the presence of~
palladium-on-carbon (0.1 g) at ambient temperature and atmospheric pressure. After
absorption of the calculated volume of hydrogen (2 h), the catalyst was removed by
filtration, and the filtrate was evaporated to give the crystalline octahydro de-
rivative 6 (D.47 g, 92%). mp 105-108 °C (diisopropyl ether). ‘H NMR 81.36 (3H, d,
CH3-9, J = 6.6 Hz),™ 1.95 (4H, m, H,-7, H.-8), 2.63 (2H, t, H, -4, J,, = 5.80 Hz),
2.8-3.07(2H, m, H,-6), 3.15 (2H, t, H,-3, J,, = 5.80 Hz), 3.83 (2H] s, H,-1), 4.96
(1H, m, H-9). The NMR spectrum of 6 suggesis a rapid conformational motion for ring
A (equivalent methylene protons) and a stable, fixed conformation for ring C. This
means that the conformationally stable position of the heterc atom in the ring (a
bridgehead nitrogen attached to a planar ring) and the methyl substituent at
position 9 make the ring conformationally stable. Rings with the hetero atom at
other positions are conformationally labile, even when a bulky substituent is
present (e.g. N-benzyl, 3b). IR (C=0) cm'. Anal. Calcd for C, H,N30: C, 65.72;
H, 7.82; N, 19716. Found: C, 65.54; H, 8.01; N, 19.34.
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The chemical equivalence of the protons in the methylene groups suggests that
in the saturated ring there is a rapid conformational motion averaging the
different shielding effects of the axial and equatorial protons.

The d-value for the signal of the 9~methyl group (~1.4 ppm) (split to a doublet)

is characteristic of a saturated ring.

The complicated second-order spectrum of the saturated ring means that there
is a fixed conformation for this part of the molecule due to the planar ring
systems and the attached methyl group.

A typical value for an «-proton in a pyridine ring with a large shielding
effect of the carbonyl group.



