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Abstract—A new procedure has been developed for the synthesis of fused nitrogen-containing heterocycles
having a bridgehead nitrogen atom via condensation of cyclic Schiff bases with -keto esters.

Fused nitrogen-containing heterocycles are struc-
tural fragments of many natural compounds and are
important for various vital processes [1-3]. These
compounds are also important for medicine and bio-
technology from both theoretical and practical view-
points [4]. Six-membered nitrogen-containing hetero-
cycles (azines) attract interest as synthons [5] and final
products for technical applications, e.g., as dyes [6].
Recent progress in the chemistry of nitrogen-contain-
ing heterocycles is largely determined by the develop-
ment of methods for building up their molecular
skeletons [7-9]. Despite a long period of research in
this field of heterocyclic chemistry (which has started
as early as at the end of the XIXth century [10]), its

potential is now far from being exhausted, as follows
from the recent achievements [7-9, 11-13]. One of
the most fruitful lines includes studies on reactions of
Schiff bases with carbonyl, B-dicarbonyl, and f,p'-tri-
carbonyl compounds and the corresponding enol
derivatives [11-13].

While studying approaches to building up fused
nitrogen-containing heterocycles via condensation of
Schiff bases with derivatives of carbonyl compounds,
we discovered a new reaction which may be referred
to as Schiff base—p-keto ester cyclocondensation. This
reaction makes it possible to append in one step
a 4-oxopyridine fragment to a Schiff base and provides
a very simple and convenient synthetic route to fused
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nitrogen-containing heterocycles having a bridgehead
nitrogen atom.

By reaction of Schiff bases Ia—Id with B-keto esters
ITa—IId on heating in an inert atmosphere (argon, nit-
rogen) we obtained pyrido[2,1-a]isoquinoline deriva-
tives IIla—IIld (Scheme 1). The structure of the prod-
ucts was consistent with their spectral parameters. No
alternative 2-oxopyridine derivatives IV were detected
in the reaction mixtures, indicating high regioselec-
tivity of these reactions. The reactions in high-boiling
(bp >100°C) organic solvents such as toluene or xylene
require a longer time, but the yield and purity of the
products change insignificantly.

The structure of compounds IIla—IIld was con-
firmed by the spectral data. Their IR spectra contained
strong absorption bands at 1585-1580 cm™' which, in
keeping with the data of [14—16], should be assigned to
stretching vibrations of the carbonyl group in the
pyridine ring. Medium-intensity and weak bands in
the region 1630—1590 cm™" correspond to vibrations of
C=C bonds in the pyridine ring [14], and strong bands
at 1565-1520 and 1512-1480 cm ' originate from
vibrations of aromatic carbon—carbon bonds [17].

The UV spectra of IIla—IIId are characterized by
the presence of two absorption bands at 257-269 and
281-308 nm, which is consistent with published data
[18]. In addition, compounds Illc and IIId displayed
medium-intensity bands at A 240 nm due to electron
transitions in the methoxy-substituted benzene rings.
In the mass spectra of all compounds III, we observed
peaks from the corresponding molecular ions, [M + 1]"
and [M — 1]", and fragment ions.

The number and position of signals in the °C NMR
spectra correspond to the assumed structures. The
'H NMR spectra of ITla—IIId contained two-proton
triplets from the methylene protons on C® and C’
(8 3.91-4.09 and 2.90-3.06 ppm, respectively) and
three-proton singlets from the 4-methyl groups at
0 2.40-2.46 ppm. The spectra of Illc and IIld also
contained resonance signals from protons in the meth-
oxy groups on C’ and C'” in the isoquinoline fragment
(0 3.89-3.95 ppm) and other signals.

The structure of compounds III was finally con-
firmed by the NOE spectra [19]. Compound Illa
displayed direct and reverse coupling between 11-H
(6 7.75 ppm) and 1-H (6 6.22 ppm), as well as between
6-H (3 4.09 ppm) and 4-CHj; (6 2.43 ppm). On the
other hand, no coupling was observed between protons
resonating at 6 6.22 and 2.43 ppm, which could be
assigned to structure IV. Likewise, compound IIIb
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revealed direct and reverse coupling between 11-H
(8 7.64 ppm) and 1-CHj; (6 2.36 ppm) and between
6-H (6 3.91 ppm) and 4-CHj; (6 2.40 ppm). Coupling
between protons in the methyl group (6 2.36 ppm) and
methylene unit (3 4.11 ppm) of the benzyl substituent
(which should occur in structure I'V) was not detected.
Thus the above spectral data unambiguously indicate
formation of derivatives III with the carbonyl group
in the y-position of the pyridine ring rather than
a-pyridinone derivatives IV.

Pyrido[2,1-a]isoquinolines IIla—IIId are crystalline
substances which melt at a high temperature, as a rule
wihtout decomposition. They are moderately soluble
in halogenated hydrocarbons and alcohols and poorly
soluble in ethers, esters, tetrahydrofuran, dioxane, and
water. Compounds IIla—IIId crystallized from water-
containing solvents mainly as crystal hydrates. The
yields of compounds IIIa—IIld isolated as analytically
pure substances were 67-93%; therefore, the described
reaction may be recommended as preparative route to
fused azines having a bridgehead nitrogen atom.

EXPERIMENTAL

The progress of reactions and the purity of com-
pounds IITa—IIId were monitored by TLC on Silufol
UV-254 plates using chloroform—methanol (8.5:1.5) as
eluent and by gas chromatography-—mass spectrometry
on an HP 5890/5972 GC-MS system (HP-5MS quartz
capillary column, 30 mx0.25 mmx0.25 pm; carrier
gas helium, flow rate 0.7-1 ml/min; injector tempera-
ture 250°C; oven temperature programming from 40 to
300°C at a rate of 6 deg/min; electron impact, 70 eV).
The melting points were determined on a Boetius
melting point apparatus. The IR spectra were recorded
in KBr on a UR-20 spectrometer. The UV spectra were
measured on a Specord M-400 spectrophotometer from
solutions in ethanol. The 'H and “C NMR spectra
were obtained on a Bruker AC-200 instrument at
200 MHz for 'H and 90.53 MHz for °C from solutions
in CDCI; using TMS as internal reference.

1-Alkyl-3.,4-dihydroisoquinolines Ia—Id were syn-
thesized by the Bischler—Napieralski reaction [10, 20]
by cyclodehydration of the corresponding phenethyl-
amides with polyphosphoric acid (compounds Ia and
Ib) or phosphoryl chloride (Ie and Id). Acetoacetates
IIa—IIc were prepared by alkylation of ethyl aceto-
acetate sodium salt [21]. Compound IId was obtained
by the Michael addition of ethyl acetoacetate to methyl
vinyl ketone [21].
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3,4-Dimethyl-6,7-dihydro-2 H-pyrido|[2,1-a]iso-
quinolin-2-one (IIla). A mixture of 1.45 g (10 mmol)
of isoquinoline Ia and 2.1 ml (15 mmol) of ethyl 2-
methyl-3-oxobutanoate (Ila) was heated for 4.5 h at
140-160°C under argon. The mixture was diluted with
70% alcohol and was left overnight at 5°C. The
precipitate was filtered off and treated with charcoal
(OU-B) in boiling methanol. The mixture was filtered
through 7 g of silica gel (5-40 pm, Chemapol), the
filtrate was evaporated, and the residue was recrys-
tallized from 70% alcohol to obtain pyrido[2,1-a]-
isoquinoline Illa as crystal hydrate with one molecule
of water (V). Attempts to remove crystal water by
drying over P,Os under reduced pressure at elevated
temperature (80—145°C) resulted in tarring. Yield of V
2.26 g (93%), mp 149-154°C. IR spectrum, v, cm :
3550-3200, 3100-2830, 1628, 1585, 1565-1520,
1493, 1349, 1311, 1270, 1252, 1228, 1192, 1180, 1093,
940, 874, 862, 773. UV spectrum, Ay, nm (loge): 269
(4.57), 281 (4.23); Amin, nm (loge): 229.7 (4.01), 269
(4.15). "H NMR spectrum, 8, ppm (J, Hz): 2.17 s (3H,
3-Me), 1.90 s (2H, H,0), 2.43 s (3H, 4-Me), 3.06 t
(2H, 7-H, J = 6.5), 4.09 t (2H, 6-H, J = 6.5), 6.22 s
(1H, 1-H), 7.24 m (1H, 8-H), 7.41 m (2H, 9-H, 10-H),
7.75 m (1H, 11-H). Found, %: C 73.96; H 7.07; N 5.64.
M" 225.15. CysH;sNO. Calculated for CisH;sNO-H,0,
%: C 74.05; H 7.04; N 5.76. M 243.30.

By heating of crystal hydrate V for 1.5 h over
molecular sieves (4 A) and subsequent crystallization
from anhydrous alcohol we isolated pyrido[2,1-a]iso-
quinoline Illa as weakly colored pale pink prisms with
mp 226-227°C. IR spectrum, v, cm ' 3100-2820,
1625, 1581, 1550, 1530, 1496, 1334, 1256, 1231, 1191,
875, 864, 784. UV spectrum, Ama, nm (loge): 269.1
(4.56), 280.9 (4.19); Amin, nm (loge): 229.4 (3.98),
269.1 (4.19). "H NMR spectrum, 8, ppm (J, Hz): 2.18 s
(3H, 3-Me), 2.45 s (3H, 4-Me), 3.06 t (2H, 7-H, J =
6.0), 4.08 t (2H, 6-H, J = 6.0), 6.20 s (1H, 1-H),
7.25 m (1H, 8-H), 7.38 m (2H, 9-H, 10-H), 7.74 m
(1H, 11-H). Mass spectrum, m/z (Ir1, %): 226.15 (8.28)
[M+ 117, 225.15 (57.22) [M]", 224.15 (100) [M — 1],
210.10 (2.33), 197.15 (11.32), 196.15 (25.01), 194.15
(5.23), 182.05 (5.74), 181.15 (7.89), 180.15 (9.68),
168.10 (2.14), 167.10 (4.24), 151.95 (2.93), 128
(4.71), 127 (3.31), 115 (11.36), 98.45 (6.77), 97.65
(2.59), 90.25 (4.62), 89.05 (3.37), 83.50 (5.16), 77
(4.60), 76 (2.07), 62.95 (3.34), 52.95 (2.69), 50.95
(3.98). Found, %: C 80.03; H 6.64; N 6.07. C;sH;sNO.
Calculated, %: C 79.97; H 6.71; N 6.22. M 225.29.

3-Benzyl-1,4-dimethyl-6,7-dihydro-2 H-pyrido-
[2,1-a]isoquinolin-2-one (I1Ib). A mixture of 0.8 g
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(5 mmol) of isoquinoline Ib and 1.6 ml (7.5 mmol) of
2-benzyl-3-oxobutanoate (IIb) was heated for 8.5 h at
160-180°C under argon. The mixture was dissolved in
chloroform and subjected to flash chromatography [22]
on 10 g of silica gel (5-40 pm, Chemapol) using
chloroform—methanol (8.5:1.5) as eluent. The eluate
was evaporated, and the residue was dried at 110°C
under reduced pressure over P,Os and recrystallized
from anhydrous alcohol to obtain pyrido[2,1-a]iso-
quinoline IIIb as pale yellow crystals. Yield 1.2 g
(75.9%), mp 146-148°C. IR spectrum, v, cm ': 3100—
2830, 1620-1600, 1580, 1560—-1540, 1500-1480, 1454,
1425, 1376, 1257, 1184, 770, 750, 740, 704. UV spec-
trum, Ama, nm (loge): 208 (4.58), 257.2 (4.60), 285.4
(4.20); Amin, nm (loge): 233.1 (4.10), 271.4 (4.17).
'H NMR spectrum, &, ppm (J, Hz): 2.36 s (3H, 1-Me),
2.40 s (3H, 4-Me), 2.94 t (2H, 7-H, J = 6.0), 3.91 t
(2H, 6-H, J = 6.0), 4.11 s (2H, 14-H), 7.18 m (1H,
8-H), 7.24-7.44 m (5H, 2'-H, 3'-H, 4'-H, 5'-H, 6'-H),
7.64 m (1H, 11-H). Found, %: C 83.67; H 6.65;
N 4.36. [M]" 315. C5,HyNO. Calculated, %: C 83.78;
H6.71; N 4.44. M315.41.
3-Isobutyl-9,10-dimethoxy-4-methyl-6,7-dihydro-
2H-pyrido[2,1-a]isoquinolin-2-one (IIlc). A mixture
of 1.03 g (5 mmol) of isoquinoline Ic and 1.12 g
(6 mmol) of 2-isobutyl-3-oxobutanoate (II¢) was
heated for 7 h at 140-160°C under argon. The mixture
was diluted with chloroform and passed through 9 g
of silica gel using chloroform—methanol (9.5:0.5) as
eluent. The eluate was evaporated, and the residue was
recrystallized twice from chloroform—diethyl ether
(2:3) and dried for 72 h in a vacuum desiccator over
P,0s. Pyrido[2,1-a]isoquinoline IIlc was isolated as
colorless prisms. Yield 1.3 g (79.3%), mp 226-228°C.
IR spectrum, v, cm™": 3050-2820, 1615, 1600, 1580,
1554, 1505, 1477, 1460-1440, 1380, 1350, 1337, 1315,
1296, 1280-1255, 1248, 1218, 1178, 1160, 1137, 1100,
1060, 1024, 985, 882, 870-850, 827, 780. UV spec-
trum, Ama., nm (loge): 220 (3.99), 240.8 (4.05), 263.9
(4.09), 314.3 (3.96); Amin, nm (loge): 238.9 (3.91),
249.4 (3.94), 292 (3.83). 'H NMR spectrum, &, ppm,
(/ Hz): 0.97 d (6H, 15-H, 16-H, J = 7.0), 1.90 m (1H,
14-H, J = 7.0), 2.44 s (3H, 4-CH;), 2.58 d (2H, 13-H,
J=17.0),298 t (2H, 7-H, J = 6.0), 3.93 s (3H, OMe),
3.95 s (3H, OMe), 4.05 t (2H, 6-H, J = 6.0), 6.72 s
(1H, 1-H), 6.78 s (1H, 8-H), 7.21 s (1H, 11-H). Found,
%: C 73.41; H 7.63; N 4.16. [M]" 327. C5H3sNOs.
Calculated, %: C 73.37; H 7.70; N 4.28. M 327.42.
4-(9,10-Dimethoxy-1,4-dimethyl-2-0x0-6,7-di-
hydro-2H-pyrido[2,1-a]isoquinolin-3-yl)-2-buta-
none (IIId). A mixture of 1.1 g (5 mmol) of isoquino-
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line Id and 1.2 g (6 mmol) of ester IId in 10 ml of
toluene was heated for 27 h under reflux in an argon
atmosphere. The mixture was evaporated, the residue
was dissolved in chloroform, and the solution was
subjected to flash chromatography on 15 g of silica gel
(5—40 pm) using chloroform—methanol (9.5:0.5) as
eluent. The eluate was evaporated, and the residue was
recrystallized twice from chloroform—diethyl ether
(2:3) and dried for 72 h under reduced pressure over
P,0s. Pyrido[2,1-a]isoquinoline IIld was isolated as
colorless crystals. Yield 1.19 g (66.7%), mp 161-163°C.
IR spectrum, v, em™': 3050-2820, 1715, 1620-1590,
1580, 1555-1535, 1512-1495, 1486, 1455, 1435, 1385—
1355, 1286, 1260, 1143, 1074, 785, 774, 754. UV
spectrum, Am.x, nm (loge): 212.3 (4.36), 239.3 (4.40),
260 (4.35), 308.1 (4.25); Amin, nm (loge): 208.5 (4.36),
225.8 (4.28), 250 (4.24), 278 (4.09). '"H NMR spec-
trum, &, ppm (J, Hz): 2.18 s (3H, 15-H), 2.36 s (3H,
1-Me), 2.46 s (3H, 4-Me), 2.72-2.98 m (6H, 7-H,
12-H, 13-H), 3.89 s (3H, OMe), 3.94 t (2H, 6-H,
J =6.0), 3.95 s 3H, OMe), 6.76 s (1H, 8-H), 7.15 s
(1H, 11-H). Mass spectrum, m/z (I, %): 356.3 (3.47)
[M + 17", 355.3 (14.85) [M]', 354.3 (4.87) [M - 1],
340.3 (7.24), 338.3 (3.06), 314.25 (2.72), 313.25 (22),
312.25 (100), 310.2 (2.71), 298.3 (5.81), 297.2 (4.83),
296.2 (17.59), 294.2 (2.08), 284.25 (2.35), 282.15
(3.99), 280.15 (3.18), 270.25 (4.92), 268.25 (4.98),
266.2 (2.66), 255.2 (2.05), 254.2 (9.22), 252.2 (3.8),
240.15 (2.42), 239.15 (2), 238.15 (5.26), 226.15 (4.08),
225.15 (2.06), 224.15 (4.31), 212.1 (4.39), 211.1
(2.31), 210.1 (4.29), 208.1 (92.24), 207.1 (2.44),
196.05 (3.5), 194.15 (2.28), 182.15 (2.75), 180.05
(2.04), 168.1 (2.56), 167.1 (2.05), 156.1 (12.8), 154.05
(2.12), 141.05 (2.15), 134.65 (9.41), 133.45 (2.28),
128 (3.39), 127 (2.92), 115 (5.11), 111.5 (2.01), 102.95
(2.18), 90.85 (2.58), 77 (3.57), 65 (2.48), 52.95 (2.69).
FOUI’ld, %: C 7083, H 697, N 3.79. C21H25NO4. Cal-
culated, %: C 70.96; H 7.09; N 3.94. M 355.43.

The authors thank Academician A.A. Akhrem for
his attention to our studies and help in preparing ex-
periments and discussing of the results.

REFERENCES

1. Henry, T.A., The Plant Alkaloids, London: J. & A.
Churchill, 1949, 4th ed. Translated under the title
Khimiya rastitel 'nykh alkaloidov, Moscow: GNTIKhL,
1956, p. 904.

2. Spirin, A.S., Molekulyarnaya biologiya (Struktura ribo-
somy i biosintez belka) [Molecular Biology (Structure
of a Ribosome and Protein Biosynthesis)], Moscow:
Vysshaya Shkola, 1986, p. 9.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 41 No.

3.

4,

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

1809

Battersby, A.R., Binks, R., Lawrie, W., Parry, G.V., and
Webster, B.R., J. Chem. Soc., 1965, p. 7459.

Pletscher, A., Brossi, A., and Gey, K.F., Int. Rev.
Neurobiol., 1962, p. 257.

. Evstigneeva, R.P. and Preobrazhenskii, N.A., Tetra-

hedron, 1958, vol. 4, p. 223.

. Laptev, N.G. and Bogoslovskii, B.M., Khimiya krasitelei

(Chemistry of Dyes), Moscow: Khimiya, 1970, p. 423.

. Akhrem, A.A., Moiseenkov, A.M., Malishevskii, V.S.,

and Chernov, Yu.G,, Izv. Akad. Nauk SSSR, Ser. Khim.,
1973, p. 1308.

. Akhrem, A.A. and Chernov, Yu.G., Dokl. Akad Nauk

SSSR, 1988, vol. 299, p. 128.

. Gulyakevich, O.V. and Mikhal’chuk, A.L., Dokl. Ross.

Akad. Nauk, 1995, vol. 345, p. 776.

Vatsuro, K.V. and Mishchenko, G.L., Imennye reaktsii v
organicheskoi khimii (Name Reactions in Organic
Chemistry), Moscow: Khimiya, 1976, p. 528.

Amrita, R., Sukumar, N., Hiriyakkanavar, 1., and
Hiriyakkanavar, J., Org. Lett., 2001, vol. 3, p. 229.
Mikhal’chuk, A.L., Gulyakevich, O.V., Peresada, V.P.,
Likhosherstov, A.M., and Akhrem, A.A., Dokl. Ross.
Akad. Nauk, 1997, vol. 356, p. 769.

Gulyakevich, O.V. and Mikhal’chuk, A.L., Mendeleev
Commun., 1997, p. 72.

Kurbako, V.Z. and Garcia-Ramos, J.V., Optica Pura Y
Aplicada, 1990, vol. 23, p. 119.

Kametani, T., Terasawa, H., and IThara, M., J Chem.
Soc. Perkin Trans. 1, 1976, p. 2547.

Kametani, T., Suzuki, Y., Terasawa, H., and Ihara, M.,
J. Chem. Soc., Perkin Trans. 1, 1979, p. 1211.

Bellamy, L.J., Advances in Infra-red Group Fre-
quencies, London: Methuen, 1966. Translated under the
title Novye dannye po IK spektram slozhnykh molekul,
Moscow: Mir, 1971, p. 318.

Kurbako, V.Z., Garbuz, N.I., Lakhvich, F.A., Lis, L.G,
and Lakhvich, O.F., Zh. Prikl. Spektrosk., 1988, vol. 49,
p. 982.

Noggle, J.H. and Schirner, R.E., The Nuclear Over-
hauzer Effect: Chemical Applications, New York:
Academic, 1971, p. 266.

Whaley, W.M. and Govindachari, T.R., Organic Reac-
tions, Adams, R., Ed., New York: Wiley, 1951, vol. 6,
p. 74.

Obshchii praktikum po organicheskoi khimii (General
Practicum on Organic Chemistry), Moscow: Mir, 1965,
p. 678.

Sharp, J.T., Gosney, 1., and Rowley, A.G., Practical
Organic Chemistry: A Student Handbook of Techniques,
London: Chapman and Hall, 1989. Translated under the
title Praktikum po organicheskoi khimii, Moscow: Mir,
1993, p. 193.

12 2005



