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Conformational analysis of some tetra- and octahydro-11H-pyrido[2,1-blquinazolin-11-ones 1-3 by 'H and
3C nmr revealed that the 9-methyl-6,7,8,9-tetrahydro derivative exists mainly in the conformation containing
the methyl group in a quasi-axial orientation. Of the 1,2,3,4,5,6,7,8-octahydro compounds, the 9-methyl
derivative 3e contains the methyl group in a guasi-axial position, while that in the 7-methyl and the 8-methyl
derivatives 3c,d is in the equatorial position, and the 6-methyl derivative 3b is a mixture of the two con-
formers.

J. Heterocyclic Chem., 20, 93 (1983).

11H-Pyrido[2,1-b]quinazolin-11-ones have recently ac- R.O 0 0
quired much interest as antiallergic compounds (2). Their 4 - ;3 i 2 ZoNg N
derivatives saturated in the A ring, 1 and 3, are conve- SN N R‘@k\Nl R@N l
nient intermediates for rutecarpine alkaloids (3). Com- 6 5 4
pound la is a natural product, a constituent of the 1 2 3

Mackinlaya species (4).

In the present paper we report a 'H and *C nmr in- Synthesis of the 11H-pyrido[2,1-b]quinazolin-11-ones 1-3.

vestigation of the 6,7,8,9-tetrahydro- and 1,2,3,4-tetra- Compounds 1a (4,5), 2a,e (6) and 3a,e (6) were prepared

hydro-11H-pyrido[2,1-b]quinazolin-11-ones, compounds by the previously reported routes.

la,e and 2a-e, and respectively, and the 1,2,3,4,5,6,7,8- Compound le was obtained by the reaction of anthran-

octahydro derivatives 3a-e. ilic acid and 6-methoxy-3,4,5,6-tetrahydropyridine in benz-
Table 1

Melting Points, Yields and Analytical Data for Compounds le, 2b-d and 3d-b.

Compound Position Mp Yield Molecular Analyses
No. of Methyl °C % Formula Caled. Found
C H N C H N

le 9 117-118 73 C,;:H.,N,0 72.87 6.59 13.07 73.01 6.50 13.20
265 dec C,,H,N,0-HCl 62.28 6.03 11.17 62.15 5.95 11.42
2b 6 105-106 50 C,;H.,N,0 72.87 6.59 13.07 72.92 6.32 1291
214215 C::H:N,0-HCI 62.28 6.03 11.17 62.44 6.11 11.18
2c 7 90-92 50 Ci,HuN,0 72.87 6.59 13.07 72.68 6.70 13.21
240 C.:H,N,0-HCI 62.28 6.03 11.17 62.29 6.00 11.20
2d 8 118 67 C:HiN,0 72.87 6.59 13.07 73.17 6.82 13.15
240 C,;H,,N,0-HCl 62.28 6.03 11.17 62.51 6.18 11.08
3b 6 100-101 85 CisHisN,0 71.53 8.31 12.83 71.25 8.03 12.80
3c 7 108-109 98 C.:H,sN;0 71.53 8.31 12.83 71.28 8.45 12.66

3d 8 116-117 87 Ci:HisN.0 71.53 8.31 12.83 71.37 8.30 12.88
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Table 2
'H Chemical Shifts (Intensity) and Coupling Constants (Hz) of 11H-Pyridof2,1-b)quinazolin-11-ones (1-3)
in Deuteriochloroform 8;us = 0 ppm
Compound R Ha H-2,3 and 4 H-6 H-7 H-8 H9 Me
1a H 8.25d (1) 7.20-7.90 m (3) 3.00t(2) 1.70-2.25 m (4) 4,081 (2) -
lip=17 Jg,7 = 6.8 Jgg =70
le 9-Me 825d (1) 7.25-7.85 m (3) 2.85-3.20 m (2) 1.75-2.30 m (4) 511 m(1) 1.39d (3)
J1,2 =177 Jgg = 3.0 JH9 Me = 6.7
H-1 and H-4 H-2 and H-3
2a H 2.40-3.05 m (4  1.60-2.10 m (4) 7.55 AB q (2) 7.02 ddd (1) 8.95 dt (1) -
16,7 = 9.0, ‘16,8 = 24; s.]6,9 = 1.3 J7,8 = 6.0; ‘J7,9 = 1.3 Jg‘g =13
2b 6-Me 2.55-3.00 m (4)  1.60-2.05 m (4) — 7.40 dd (1) 6.90 t (1) 8.82 dd (1) 2.50 s (3)
J7,8= 1.0; ‘J7,9 = L0; Jg‘g =170
2¢ 7-Me 2.50-3.00 m (4) 1.55-2.05 m (4) 7.26 m (1) — 683 dd (1) 8.87d (1) 240 d (3)
‘J6,8 = 1.9 18,9 =15; ‘16,Me = 0.8
2d 8-Me 2.50-3.00 m (4) 1.60-2.05 m (4) 745 d (2) 8.75 sx (1) 242 d(3)
s_]6’9 = 1.3; ‘J7'9 = 1.3; ‘JQ’MQ =13
2e 9-Me 2.40-2.90 m (4) 1.55-2.00 m (4) 7.30 AB q (2) 6.60 ddd (1) — 3.05d@®3)
Jo7 = 85 J7g = 5% YJgg = 3.0, JgMe = 0.7
3a H 2.30-2.80 m (4) 1.60-2,00 m (4) 2.90 1 (2) 1.80-2.20 m (4) 3.98 t (2) —
Jg,7 = 6.0;)g9 = 6.1
3b 6-Me 2.30-2.75 m (4) 1.60-2.00 m (4) 2.88 sx (1) 1.80-2.25 m (4) 3.60-4.25 m (2) 1.39d (3)
JoMe = J6,7a = J6,7¢ = 69
3c 7-Me 2.30-2.75 m (4)  1.60-2.00 m (4)  eq 3.00 ddd (1) 1.40-2.30 m (3) eq 4.25 ddd (1) 1.13d (3)
ax 2.60 ddd (1) ax 3.67 ddd (1)
J6e,6a = 17.2; J6e,7a = 4.8; Jge,9a = 9.2 J8a,9a = 10.6 Jga,9e = 5.6 Jge,9e = 3.7 J9e,9a = 14.6; J7aMe = 6.4
3d 8-Me 2.30-2.75 m (4) 1.60-2.00 m (4) 2.75-3.10 m (2) 1.75-2.25 m (3) eq 4.34 dd (1) 1.16 d (3)
ax 3.19.dd (1)
J83,9e = 4.8 "88,98 =98; J9e,9a = 143; J8a,Me = 64
3e 9-Me 2.30-275m (4) 160200 m (4)  2.70-3.05 m (2) 1.75-2.10 m (4) eq 4.95 m (1) 1.35d (3)
JSe,Qe = JBa,Qe =3.0; J9e,Me = 64
PPA In compounds 1-3 the pyrimidine ring B must be

o ool )
Ry NH2+ EtooC
) LINSSS

2 3

ene. Compounds 2b-d were prepared by the condensation
of 2-aminopyridines and ethyl 2-cyclohexanonecarboxylate
in polyphosphoric acid, and compounds 3b-d by the
catalytic hydrogenation of compounds 2b-d (see Table 1).

Conformational Analysis of the 11H-Pyrido[2,1-b]quin-
azolin-11-ones 1-3.

The 'H nmr data on compounds 1-3 are compiled in
Table 2, and the '*C nmr data in Table 3. Earlier work in

this field covered only the 'H nmr characteristics of la
4,7) 2a (6) and 3a (6).

planar, since it consists of four sp? hybridized C atoms and
an amide group with a quasi-double bond. For the tetra-
hydro rings (A in 1; € in 2; A and C in 3) the energetically
favoured half-chair conformations must be considered.

The above structures were supported by X-ray analysis
of the hydrobromide of 3a (8) and of the tetrahydro-4H-
pyridof1,2-a]Jpyrimidines (9). The latter are analogues of
compounds 1-3 as concerns the structure of rings A and
B. The sp? character of the bridgehead nitrogen atom in
the tetrahydropyrido{l,2-a]pyrimidin-4-ones is supported
by the pyramidality parameter of less then 3° (9).

The 'H nmr spectra of compounds 2 and 3 exhibit time-
averaged signals for the methylene protons of the C ring
(1.55-2.10 ppm for the C(2)H, and C(3)H, protons;
2.30-3.05 for the C(1)H, and C(4)H, protons). This in-
dicates that at room temperature the C ring undergoes
fast interconversion between the two half-chair conforma-
tions.

In the spectra of the unsubstituted derivatives la and
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Table 3

Y3Chemical Shifts of 11H-Pyrido[2,1-b]quinazolin-11-ones (1-3) Deuteriochloroform (5 = O ppm)

Compound R Cl(a) C2() C3() C4 Cda  CSa
1a H 133.9 126.4 (b} 126.3 (b) 125.8 (b) 147.3  154.7
le  9Me 1340 126.6(b) 126.2 (b} 1258 (b) 147.3  154.3
2a H 230 221 224 325 1577 1482
2h  6Me 232 222 225 328 1582 1479
2  7Me 225 217 220 321 1569 147.7
2d  8Me 230 220 223 323 157.2 1470
%  9Me 230 223 224 319 1596 1504
3a H 224 221 224 314 1585 1555
3b  6Me 223 217 223 313 1584 (b) 158.8 (b)
3¢ 7TMe 219 216 219 309 1579 1549
3d 8Me 222 219 222 313 1583 1550
3¢  9Me 223 220 223 314 1584 1550

C-6 C-7 C8 Cc-9 C-11 C-l11a Me
31.9 193 220 42.2 161.8  120.3 —
31.4 155 283 47.5 161.7  120.6 19.3
125.6 1343 114.2 126.6 (c) 1619 113.2 —
134.1 1328 113.6 1248 161.2 1128 18.0
123.0 1454 1163 1253 (c) 1613 1114 20.7
1236 1370 1239 1248 161.0  112.6 17.6
1247 133.1 1168 14238 1614  114.7 24.6
314 198 220 (a) 423 162.2  118.2 —
34.5 274 198 42.1 162.1 117.7 19.3
39.2 256 29.7 41.8 161.6  117.7 20.7
31.0 28.0 275 48.6 1619 1179 18.9
30.8 154 282 47.2 161.7 1184 19.1

(a) The assignments for 2 and 3 may be reversed. (b) The assignments may be reversed. (c) Supported by selective irradiation.

Table 4

Substituent Chemical Shift of Methyl Group in
11H-Pyrido[2,1-b]quinazolin-11-ones le and 3b-e

Compound Position of at
Methyl Group  C-6 c7 c8 c9
3b 6Me +31()  +760) -22() -02(d
3¢ 7-Me +78(®)  +58() +727()  ~05()
8-Me —04(c) +82(b) +55(a)  +63(d)
9-Me —06(d) —44() +62(h) +49()
1e 9-Me ~05(d) -38() +63() +53()

(a) o Effect. (b) 8 Effect. (¢} v Effect. (d) 6 Effect.

3a a similar averaging of the methylene protons was
observed for the A ring.

Introduction of a methyl substituent into position 7, 8 or
9 of the A ring resulted in the predominance of one of the
two half-chair conformers.

In the 9-methyl substituted derivatives le and 3e the
conformer containing the 9-Me group in the quasi-axial
position becomes predominant, as a consequence of the
allylic strain (10) arising between the methyl and the
C(11)=0 groups. The quasi-equatorial position of the 9-H
proton is shown by its downfield shift, due to the
anisotropic effect of the adjacent carbonyl group, and by
its triplet splitting of 3 Hz in response to irradiation of the
methyl group.

Further support for the quasi-axial disposition of the
9-methyl group was provided by the "*C nmr spectra of le
and 3e, where unfield shifts of about 4 ppm were found for
the C(7) atom as compared with the unsubstituted deriva-
tives 1a and 3a. Shifts of such an extent are in good agree-

ment with the y gauche effect of axial methyl groups (11).

In the 7-and 8-methyloctahydro derivatives 3¢ and 3d
the conformer containing the equatorial methyl group pre-
dominates. Because of the overlapping of the 7-H, 8-H,
and 6-H,, signals in the 7-methyl compound 3¢, the coupl-
ing constants for H-7 could not be determined. In the
8-methyl derivative 3d the value of the coupling constant
of 8-H and 9-H,, (9.8 Hz) suggested the antiperiplanar
disposition of these protons and the equatorial orientia-
tion of the methyl group. In the '*C nmr spectra of com-
pounds 3c,d the C atoms the v-position to the 7- or
8-methyl groups, C-2 and C-6, are shifted upfield by 0.4
and 0.5 ppm, respectively, indicating the equatorial posi-
tion of the methyl groups.

A Dreiding model of the 6-methyl substituted compound
3b shows that there is only a slight difference between the
conformers containing the methyl group in a guasi-axial
or in a guasi-equatorial orientation.

The intermediate values of the upfield shift of the C(8)
atom, 2.2 ppm (see Table 4), and of the coupling constant,
JoH,7H = 6.9 Hz, suggest that 3e is a mixture of the two

conformers.
EXPERIMENTAL

Melting points are uncorrected. The nmr spectra were recorded on a
Brucker WP-80 Ft spectrometer in deuteriochloroform, with
tetramethylsilane as internal standard. The **C nmr spectra were obtain-
ed with noise decoupling in saturated solution in 5 mm tubes at 20.115
MHz. The assignment of the signals was supported by [H'] SFORD ex-
periments.

6-Methyl-2-methoxy-3,4,5,6-tetrahydropyridine.

6-Methyl-2-0x0-3,4,5,6-tetrahydropyridine (50 mmoles) was reacted
with dimethyl sulfate (50 mmoles) at 100° for 2.5 hours. After cooling to
20°, the reaction mixture was diluted with water (3 ml), and ether (20 ml)
was added. The pH of the aqueous layer was adjusted to 8 with aqueous
potassium hydroxide (60 mmoles in 8 ml water) under cooling. The
phases were separated and the aqueous layer was extracted with ether (2



96 I. Hermecz, B. Podéanyi, Z. Mészaros, J. Kokési, G. Szdsz and G. Téth

X 10 ml). The combined ethereal layers were dried (potassium hydrox-
ide) and evaporated. The residue was distilled in vacuo (6 mm Hg) to
yield 5.2 g (83%) of the imino ether bp 4 = 59-60°.

Anal. Calced. forC,H,,NO: C, 66.11; H, 10.30; N, 11.01. Found: C, 66.46;
H, 10.20; N, 10.97%.

9-Methyl-6,7,8,9-tetrahydro-11 H-pyrido[2,1-b]quinazolin-11-one (le).

2-Methoxy-6-methyl-3,4,5,6-tetrahydropyridine (10 mmoles) was
reacted with anthranilic acid (10 mmoles) in refluxing benzene (20 ml) for
3 hours. The solution was evaporated in vacuo, and the residue was
dissolved in chloroform (12 ml). The chloroform solution was extracted
with 3% sodium hydroxide (2 X 2 ml) and then with water (1 X 2 ml),
dried sodium sulfate), evaporated and recrystallized from a mixture of
acetone and benzene (see Table 1).

1,2,3,4-Tetrahydro-11H-pyridof2,1-b]quinazolin-11-ones (2b-d).

2-Aminopyridines (10 mmoles) and ethyl 2-cyclohexanone carboxylate
(10 mmoles) were reacted in PPA (10 g, Fluka) at 110-112° for 2 hours.
The reaction mixture was poured into water (50 ml) and the pH was ad-
justed to 7-8 with 10% sodium hydroxide. The aqueous phase was ex-
tracted with chloroform (3 X 50 ml). The combined organic layers were
dried (sodium sulfate) and evaporated, the dark residue was dissolved in
ethanol (5 ml) and the ethanolic solution was saturated with dry hydrogen
chloride gas under cooling. The precipitated hydrochloride of the pyrido-
quinazoline 2b-d was filtered off and recrystallized from ethanol. The
base was liberated in the usual way and recrystallized from ethanol (see
Table 1).

1,2,3,4,6,7,8,9-Octahydro-11H-pyrido[2,1-bjquinazolin-11-ones (3b-d).

Compounds 2b-d (5 mmoles) were hydrogenated over a 10% Pd/C
catalyst (0.5 g) in ethanol (25 mi). The catalyst was filtered off, the filtrate
was evaporated and the residue was recrystallized from ethyl acetate (see
Table 1).
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