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Cyclization of 2�(4�R�piperidino)benzaldehydes with 5�methyl�2�phenyl�2,4�dihydro�3H�
pyrazol�3�one proceeding via tert�amino effect mechanism is stereoselective. Relative configu�
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Quinoline systems attract the chemists´ attention ow�
ing to their biological activity.1,2 One of the most efficient
pathways towards these systems is three step synthesis from
ortho�fluorobenzaldehydes. The key step in this synthesis
is the cyclization involving tert�amino effect.3—15

The term tert�amino effect was proposed for some re�
actions of tertiary anilines bearing the double C=C bond
in the ortho�position to the amino group, cyclization of
which with active methylene compounds afforded novel
C—C bond and serves for the synthesis of polyfused hete�
rocyclic systems.12—15 The possibility to synthesize a wide
variety of heterocycles is of interest for the study of their
biological activity.

The present work is a continuation of our research in
the reactions of ortho�(4�R�dialkylamino)benzaldehydes
with unsymmetrical active methylene compounds.

Results and Discussion

It has previously been shown16—17 that in the presence
of the additional substituent in the dialkylamino group the
reaction of 2�dialkylaminobenzaldehyde with the cyclic
methylene active compounds is diastereoselective, the
reaction of unsubstituted at the cyclic dialkylamino group
2�dialkylaminobenzaldehydes with pyrazolone 1 is also
diastereoselective. In both cases, the reactions led to for�
mation of two stereogenic centers. Based on the data ob�
tained, it was suggested that the reaction of o�(4�R�
piperidino)benzaldehydes 2a—g with pyrazolone 1 can

proceed diastereoselectively despite of formation of three
stereogenic centers.

Thus, this reaction carried out in 1�butanol afforded
the products 3a—g of the tandem of the Knoevenagel con�
densation and tert�amino effect cyclization in good yields
(38—97%). The reaction gave also the second isomer (to

* Dedicated to academician V. N. Charushin on the occasion of
his 60 birthday.
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5% according to the NMR data), which isolation failed
due to low content.

Structures of the main products were established by
X�ray diffraction (on the example of compound 3d), 1H
and 13C NMR spectra, as well as by comparison of the
latter with the spectra of the previously synthesized com�
pounds17 bearing two stereogenic centers. All signals for
the aliphatic protons are assigned by 2D 1H—1H COSY,
1H—1H NOESY and 1H—13C HSQC (for compound 3d)
and 1H—13C HMBC experiments (for compounds 3a,d).
The most informative cross�peaks in the 2D 1H—13C
HMBC spectra in DMCO�d6 are H(4a)/C(5´), H(4a)/C(2´),
H(4a)/C(5), H(4a)/C(1), H(4a)/C(3), H(4a)/C(6),
H(6eq) and H(6ax)/C(5´), H(6eq) and H(6ax)/C(2´), H(6eq)
and H(6ax)/C(5), H(6eq) and H(6ax)/C(4a), H(6eq) and
H(6ax)/C(7), H(6eq) and H(6ax)/C(6a), H(3)/C(4),
H(3)/C(2), H(3)/C(Ar), H(1ax) and H(1eq)/C(2), H(1ax)
and H(1eq)/C(3), H(1ax) and H(1eq)/C(4a), H(4ax) and
H(4eq)/C(2), H(4ax) and H(4eq)/C(3), H(4ax) and
H(4eq)/C(4a), H(4ax)/C(5). It should be noted that in the
spectrum, no cross�peak H(4eq)/C(5) was observed, due
probably to the fact that according to X�ray diffraction
data the dihedral angle C(5)C(4a)C(4)H(4ax) is 65°, while
the angle C(5)C(4a)C(4)H(4eq) is 52°. In 1H—1H NOESY
spectrum of compound 3d, the most interesting cross�peaks
are H(3ax)/Hortho(Ar), H(2)/Hortho(Ar), H(6ax)/H(7).
Analysis of 1H NMR spectra reveals that the protons H(4a)
and H(3) are axial. Thus, the signal for the proton H(4a) is
observed at δ 3.44 as broadened doublet with coupling
constant of 11.6 Hz characteristic of axial protons. The
signal for the axial proton H(4) is doublet of doublet of
doublets with large coupling constants of 12.0, 11.6 and
12.0 Hz. The spin�spin coupling constant values for the
proton H(4) indicate that the axial orientation has not
only the proton H(4a), but also the proton H(3). Note
that in the 1H NMR spectrum of the minor product,
the signal for the proton H(4a) exhibits downfield shift
(∼0.1 ppm) to δ 3.56, this proton resonates as broadened
doublet with coupling constant of ∼9.2 Hz; the signal for
the proton H(4ax) exhibits upfield shift (∼0.3 ppm) and
this proton resonates as doublet of doublets with coupling
constants of ∼6.8 and 7.2 Hz. These facts indicate axial
orientation of the protons H(3) and H(4a). Consequently,
the structure of the minor isomer differs from that of the
main product only in configuration of the carbon atom
C(5). Similar pattern is observed for all series of com�
pounds 3a—g. Based on the chemical shifts for the pro�
tons H(6eq), H(6ax), and H(4a) for both isomers, the con�
figuration for the carbon atom C(5) was suggested. In the
main product, the carbonyl group and the protons H(6ax)
and H(4a) locate on the same side relative to the ring
plane, i.e., the configuration of the stereogenic carbon
atoms is 3R*,4aS*,5R*. In the minor product, the carbonyl
group locates on the other side of the ring plane to the
axial proton H(4a), i.e., the relative configuration of the

minor isomer is 3R*,4aS*,5S*. The axial proton H(4a) is
in the cone of anisotropy formed by the C=O bond in the
case of the main reaction product 3d and is not in the cone
in the case of the minor product (Fig. 1).

According to the X�ray diffraction (Fig. 2 and Table 1),
the protons H(4a) and H(3) have axial orientation, the
phenyl substituent in the dialkylamino group has the equa�
torial orientation, and the carbonyl group and the protons
H(6ax) and H(4a) locate on the same side of the ring plane.
The X�ray analysis reveals that the distance between the
oxygen atom at the pyrazole ring and the proton H(4a) is
2.612 Å, the sum of the van der Waals radii of the oxygen
atom and proton is equal to 2.60 Å (see Ref. 18), and the
radius of the interaction of the unbound atoms O...H is
2.46—2.48 Å (see Ref. 19).

In summary, in the present work, it was shown that
despite of formation of three stereogenic centers, the
cyclization reaction of ortho�(4�R�piperidino)benzalde�
hydes with pyrazolone 1 proceeds diastereoselectively to
give mainly (3R*,4aS*,5R*)�3�R�3´�methyl�1´�phenyl�
2,3,4,4a,5,6�hexahydro�1H�spiro[benzo[c]quinolizine�
5,4´�pyrazole]�5´�ones.

Fig. 1. Relative configuration of the main (a) and the minor (b)
reaction products.

Fig. 2. General view of the molecule of 3d.
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Experimental

The course of the reactions and purity of the compounds
were monitored by TLC on Silufol UV 254 plates, elution with
ethyl acetate—hexane 1 : 1, 1 : 2, and 1 : 5. 1H and 13C NMR
were recorded on Bruker WM�250 (1H, 250 MHz) and Bruker
Avance II (1H, 400 MHz; 13C, 100 MHz) instruments in DMSO�d6
relative to SiMe4 as the internal standard.

X�ray diffraction analysis was carried out on Xcalibur�3 dif�
fractometer equipped with CCD area detector (λ(Mo�Kα) =
= 0.71073, graphite monochromator, ω�scanning mode, scan�
ning step is 1°, T = 295(2) K). The structure was solved by direct
method and refined using SHELXTL�97 software.20 The posi�
tions and thermal parameters of the non�hydrogen atoms were
refined in an isotropic and then in an anisotropic approximation
by the full matrix least squares method. The hydrogen atoms
were revealed on maxima of electron density and were included
in the refinement by the riding model. The main crystallographic
parameters are given in Table 1.

The starting ortho�fluorobenzaldehydes and cyclic amines
(Aldrich), 1�butanol (Reakhim, per analysis), and ethanol
(Ormet Ltd) were used as purchased.

The starting ortho�(4�R�piperidino)benzaldehydes 2a—g
were synthesized in 60—80% yields by nucleophilic substitution
of the corresponding 4�R�piperidines for fluorine atom in 2�
fluorobenzaldehydes according to the known procedures.16—17

Synthesis of spiro derivatives of fused quinolizinepyrazolones
3a—g (general procedure). To a solution of the corresponding
2�aminobenzaldehyde 2 (1.0 mmol) in 1�butanol (8.0 mL),
5�methyl�2�phenyl�2,4�dihydro�3H�pyrazol�3�one (1) (185 mg,
1.06 mmol) and pyrrolidine (8 μL, 0.1 mmol) were added. The
reaction mixture was refluxed for 6 h, after completion of the
reaction (TLC monitring), the solvent was removed in vacuo,
the residue was recrystallized from ethanol.

3´�Methyl�1´,3�diphenyl�2,3,4,4a,5,6�hexahydro�1H�spiro�
[benzo[c]quinolizine�5,4´�pyrazol]�5´�one (3a). Yield 375 mg
(89%), m.p. 155 °C. 1H NMR (DMSO�d6), δ: 7.83 (dd, 2 H, Ar,
J = 8.8 Hz, J = 1.2 Hz); 6.91 (dd, 2 H, Ar, J = 8.8 Hz, J = 7.2 Hz);
7.09—7.27 (m, 8 H, Ar); 7.04 (d, 1 H, Ar, J = 7.6 Hz); 6.74 (dd,
1 H, Ar, J = 7.6 Hz, J = 6.8 Hz); 4.24 (br.d, 1 H, C(1eq)H,
J = 12.1 Hz); 3.25 (d, 1 H, C(6eq)H, J = 16.5 Hz); 2.85 (dd, 1 H,
C(4a)H, J = 11.1 Hz, J = 2.5 Hz); 2.84 (d, 1 H, C(6ax)H,
J = 16.6 Hz); 2.70 (br.d, 1 H, C(1ax)H, J = 10.1 Hz); 1.92 (s, 3 H,
Me); 1.54 (ddd, 1 H, C(2ax)H, J = 8.3 Hz, J = 3.0 Hz); 1.48—1.20
(m, 1 H, C(3ax)H); 1.25 (dd, 1 H, C(4eq)H, J = 7.9 Hz, J = 1.5
Hz); 1.05 (d, 1 H, C(2eq)H, J = 8.3 Hz); 0.89 (ddd, 1 H, C(4ax)H,
J = 11.1 Hz, J = 7.9 Hz, J = 12.1 Hz). 13C NMR (DMSO�d6), δ:
173.30, 162.78, 145.25, 144.93, 137.39, 129.15, 128.98, 128.42,
127.70, 126.55, 126.33, 124.93, 119.28, 118.26, 117.99, 113.74,
58.32, 55.53, 47.63, 40.47, 34.86, 33.42, 32.32, 16.12. Found (%):
N, 9.99. C28H27N3O. Calculated (%): N, 9.97.

3,3´�Dimethyl�1´�phenyl�2,3,4,4a,5,6�hexahydro�1H�spiro�
[benzo[c]quinolizine�5,4´�pyrazol]�5´�one (3b). Yield 262 mg
(73%), m.p. 105 °C. 1H NMR (DMSO�d6), δ: 7.91 (dd, 2 H,
o�H, Ar, J = 7.7 Hz); 7.38 (ddd, 2 H, m�H, Ar, J = 8.5 Hz,
J = 5.5 Hz, J = 1.8 Hz); 7.15 (t, 1 H, p�H, Ar, J = 7.7 Hz); 6.95
(dd, 1 H, Ar, J = 7.7 Hz, J = 7.5 Hz); 7.08 (d, 1 H, Ar, J = 7.6 Hz);
7.02 (d, 1 H, Ar, J = 7.0 Hz); 6.66 (dd, 1 H, Ar, J = 7.3 Hz,
J = 7.1 Hz); 4.09 (br.dd, 1 H, C(4a)H, J = 7.9 Hz, J = 3.0 Hz);
3.23 (d, 1 H, C(6eq)H, J = 16.2 Hz); 3.15 (br.dd, 1 H, C(1eq)H,
J = 9.2 Hz, J = 2.1 Hz); 2.68 (d, 1 H, C(6ax)H, J = 16.2 Hz);

2.67 (dd, 1 H, C(1ax)H, J = 12.8 Hz, J = 9.2 Hz); 1.89 (s, 3 H,
Me); 1.57—1.48 (m, 1 H, C(3ax)H); 1.54 (br.d, 1 H, C(2ax)H,
J = 12.0 Hz); 1.25 (ddd, 1 H, C(4eq)H, J = 7.9 Hz, J = 8.2 Hz,
J = 1.5 Hz); 1.05 (br.d, 1 H, C(2eq)H, J = 7.7 Hz); 0.92 (d, 3 H,
Me, J = 6.4 Hz); 0.72 (dddd, 1 H, C(4ax)H, J = 7.9 Hz, J = 7.9 Hz,
J = 8.5 Hz). Found (%): N, 11.71. C23H25N3O. Calculated (%):
N, 11.69.

3�Benzyl�9�chloro�3´�methyl�1´�phenyl�2,3,4,4a,5,6�hexa�
hydro�1H�spiro[benzo[c]quinolizine�5,4´�pyrazol]�5´�one (3c).
Yield 329 mg (70%), m.p. 98 °C. 1H NMR (DMSO�d6), δ: 7.82
(d, 2 H, o�H, Ar, J = 7.5 Hz); 7.38 (t, 2 H, m�H, Ar, J = 7.8 Hz);
7.20—6.83 (m, 8 H, Ar); 6.65 (d, 1 H, Ar, J = 7.5 Hz); 3.99 (br.d,
1 H, C(1eq)H, J = 11.0 Hz); 3.17 (d, 1 H, C(6eq)H, J = 16.5 Hz);
3.15 (dd, 1 H, C(4a)H, J = 11.0 Hz, J = 2.0 Hz); 2.70 (d, 1 H,
C(6ax)H, J = 16.5 Hz); 2.62—2.34 (m, 3 H, C(1ax)H, C(2)H2);
1.90 (s, 3 H, Me); 1.83—1.52 (m, 3 H, C(4eq)H and CH2Ph);

Table 1. Crystallographic data and parameters of X�ray diffrac�
tion experiment for compound 3d

Parameter Value

Solvent for recrystallization EtOH
Molecular formula C28H26FN3O
Molecular weight 439.54
T/K 295(2)
λ/Å 0.71073
Crystal system Orthorhombic
Space group P212121
a/Å 6.6769(4)
b/Å 18.2353(8)
c/Å 18.7690(16)
α/deg 90.00
β/deg 90.00
γ/deg 90.00
V/Å3 2285.2(3)
Z 4
dcalc/g cm–3 1.277
μ/mm–1 0.084
F(000) 928
Crystal size/mm 0.25×0.20×0.15
Scanning range, θ/deg 3.12—28.28
Completeness to θ (%) 99.5 (28.28°)
Range of reflection indices h, k, l –6 < h < 8

–24 < k < 20
–24 < l < 25

Number of measured reflections 3206
Number of independent reflections 1764
Rint 0.0380
Number of reflections with I > 2σ(I ) 1764
Number of refinement parameters 307
GOOF (on F2) 1.008
R Factors (on I > 2σ(I))
  R1 0.0289
  wR2 0.0451
R Factors (on all reflections)
  R1 0.0701
  wR2 0.0482
Residual electron density –0.102/0.108
  (min/max)/e•Å–3
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1.28—1.19 (m, 1 H, C(3ax)H); 0.74 (ddd, 1 H, C(4ax)H, J = 11.0 Hz,
J = 11.0 Hz, J = 11.8 Hz). Found (%): N, 8.95. C29H28ClN3O.
Calculated (%): N, 8.94.

3´�Methyl�9�fluoro�1´,3�diphenyl�2,3,4,4a,5,6�hexahydro�
1H�spiro[benzo[c]quinolizine�5,4´�pyrazol]�5´�one (3d). Yield
274 mg (67%), m.p. 186 °C. 1H NMR (DMSO�d6), δ: 7.81 (d, 2 H,
o�H, Ar, J = 7.6 Hz); 7.41 (dd, 2 H, m�H, Ar, J = 7.6 Hz,
J = 8.0 Hz); 7.14—7.27 (m, 6 H, p�H, Ar); 7.05 (dd, 1 H, Ar,
J = 14.0 Hz, J = 12.8 Hz); 6.9 (d, 1 H, Ar, J = 7.2 Hz); 6.80
(ddd, 1 H, Ar, J = 8.0 Hz, J = 3.2 Hz, J = 2.4 Hz); 4.26 (dd, 1 H,
C(1eq)H, J = 12.0 Hz, J = 2.4 Hz); 3.44 (br.d, 1 H, C(4a)H,
J = 11.6 Hz); 3.29 (d, 1 H, C(6eq)H, J = 16.0 Hz); 3.01 (ddd,
1 H, C(1ax)H, J = 12.0 Hz, J = 7.4 Hz, J = 4.8 Hz); 2.90 (d, 1 H,
C(6ax)H, J = 16.0 Hz); 2.78—2.82 (m, 1 H, C(3ax)H); 1.18—1.90
(m, 2 H, C(2eq)H, C(2ax)H); 1.74 (s, 3 H, Me); 1.51 (br.d, 1 H,
C(4eq)H, J = 12.0 Hz); 1.32 (ddd, 1 H, C(4ax)H, J = 12.0 Hz,
J = 12.0 Hz, J = 11.6 Hz). 13C NMR (DMSO�d6), δ: 172.69,
161.41, 144.65, 137.21, 128.77, 128.22, 126.47, 126.13, 124.88,
124.80, 119.52, 118.06, 115.41, 61.52, 55.86, 51.31, 51.17, 41.83,
34.63, 33.93, 32.94, 16.01. Found (%): N, 9.61. C28H26FN3O.
Calculated (%): N, 9.56.

8�Bromo�3´�methyl�1´�phenyl�3�(piperidin�1�yl)�2,3,4,4a,5,6�
hexahydro�1H�spiro[benzo[c]quinolizine�5,4´�pyrazol]�5´�one
(3e). Yield 192 mg (38%), m.p. 170 °C. 1H NMR (DMSO�d6), δ:
7.88 (d, 2 H, o�H, Ar, J = 8.2 Hz); 7.38 (t, 2 H, m�H, Ar, J = 7.7 Hz);
7.21—7.12 (m, 3 H, Ar); 6.89 (d, 1 H, Ar, J = 8.8 Hz); 4.10 (br.d,
1 H, C(1eq)H, J = 11.4 Hz); 3.24 (dd, 1 H, C(4ax)H, J = 11.9 Hz);
3.24 (d, 1 H, C(6eq)H, J = 17.0 Hz); 2.70 (d, 1 H, C(6ax)H,
J = 17.0 Hz); 2.28—2.49 (m, 7 H, CH); 1.94 (s, 3 H, Me);
1.29—1.59 (m, 8 H, CH); 1.04 (ddd, C(4ax)H, 1 H, J = 12.1 Hz,
J = 9.9 Hz, J = 11.9 Hz). Found (%): N, 11.05. C27H31BrN4O.
Calculated (%): N, 11.04.

3�Benzyl�8�bromo�3´�methyl�1´�phenyl�2,3,4,4a,5,6�hexa�
hydro�1H�spiro[benzo[c]quinolizine�5,4´�pyrazol]�5´�one (3f).
Yield 452 mg (88%), m.p. 145 °C. 1H NMR (DMSO�d6), δ: 7.82
(d, 2 H, o�H, Ar, J = 7.5 Hz); 7.40 (t, 2 H, m�H, Ar, J = 7.8 Hz);
7.20—7.09 (m, 7 H, Ar); 7.03 (d, 1 H, Ar, J = 7.5 Hz); 6.86 (d, 1 H,
Ar, J = 8.8 Hz); 4.01 (d, 1 H, C(4a)H, J = 12.3 Hz); 3.21 (d, 1 H,
H(6eq), J = 17.0 Hz); 2.73 (d, 1 H, H(6ax), J = 17.0 Hz); 3.12 (d, 1 H,
C(1eq)H, J = 10.5 Hz); 2.73—2.34 (m, 3 H, C(1ax)H and
CH2Ph); 1.91 (s, 3 H, Me); 1.79—1.53 (m, 3 H, C(4eq)H,
C(2)H2); 1.25—1.21 (m, 1 H, C(3ax)H); 0.80—0.75 (m, 1 H,
C(4ax)H). Found (%): N, 9.00. C29H28BrN3O. Calculated (%):
N, 8.97.

3�Benzyl�3´�methyl�1´�phenyl�8�tr i f luoromethyl�
2,3,4,4a,5,6�hexahydro�1H�spiro[benzo[c]quinolizine�5,4´�pyr�
azol]�5´�one (3g). Yield 247 mg (97%), m.p. 156 °C. 1H NMR
(DMSO�d6), δ: 7.82 (d, 2 H, o�H, Ar, J = 7.5 Hz); 7.40 (t, 2 H,
m�H, Ar, J = 7.8 Hz); 7.20—7.09 (m, 7 H, Ar); 7.03 (d, 1 H, Ar,
J = 7.5 Hz); 6.86 (d, 1 H, Ar, J = 8.8 Hz); 4.01 (d, 1 H, C(4a)H,
J = 12.3 Hz); 3.21 (d, 1 H, H(6eq), J = 17.0 Hz); 2.73 (d, 1 H,
H(6ax), J = 17.0 Hz); 3.12 (d, 1 H, C(1eq)H, J = 10.5 Hz);
2.73—2.34 (m, 3 H, C(1ax)H and CH2Ph); 1.91 (s, 3 H, Me);
1.79—1.53 (m, 3 H, C(4eq)H, C(2)H2); 1.25—1.21 (m, 1 H,

C(3ax)H); 0.80—0.75 (m, 1 H, C(4ax)H). Found (%): N, 8.39.
C30H28F3N3O. Calculated (%): N, 8.34.
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