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Reaction of ethyl 9-hydrazono-6-methyl-4-0x0-6,7,8,9-tetrahydro-4H-pyrido[1,2-alpyrimidine-3-carboxylate
and benzaldehyde and its derivatives give a tautomeric mixture of 9-arylidenehydrazono-6,7,8,9-tetrahydro-
and 9-arylidenehydrazine-6,7-dihydropyrido[1,2-aJpyrimidine derivatives. In the same case the enhydrazine
and hydrazone tautomers were separated. The structure of the products were characterised by uv, ir, ‘H and
*C nmr. The equilibrium of the tautomers was affected by the substituent of the phenyl ring. A fair linear
correlation exists between the logarithms of the equilibrium constants and Hammett g,, and ¢~ constants of

the substituents present on the phenyl ring.
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Introduction.

At the investigations of the structures of 9-hydrazono-
6,7,8,9-tetrahydro-4H-pyrido[1,2-a]pyrimidine-4-ones [2-4]
and their benzolog [5,6] or the latters’ tetrahydro
derivatives [7], (6-hydrazono-6,7,8,9-tetrahydro-or 1,2,3,4,-
6,7,8,9-octahydro-11H-pyrido[2,1-b]quinazolin-11-ones)
four possible tautomers were taken into considerations
(see Scheme 1). Detailed nmr investigations revealed that
hydrazone forms were predominate, which exhibited a
solvent-dependent E-Z isomerism (Scheme 2)[2,3,5,7]. The
presence of the sterically crowded Z isomer, in the
equilibrium mixture, was the consequence of the internal
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hydrogen bond developed between N-1 and (N-2")H atoms
[2]. The existence of the Z isomer could not be detected for
N,N-disubstituted hydrazones. The tautomerism and iso-
merisation of 9-hydrazono-6,7,8,9-tetrahydro-4H-pyrido-
[1,2-alpyrimidin-4-ones were also studied by uv methods
[8,9]. For the latter study the fixed forms of 9-diazo-6,7,8,9-
and 1,6,7,8-tetrahydro tautomers were also prepared and
investigated [4,8].
Scheme 2

The Fischer indolization of 6-hydrazonopyridoquinazo-
linones gave a facile synthetic method for the preparation
of rutaecarpine alkaloid (7,8-dihydro-5H,13H-indolo[2’,-
3':3,4]pyrido[2,1-b]quinazolin-3-one) [6] and its derivatives
[7,10]. Earlier it was unambiguously justified that the
Fischer indolization of arylhydrazone derivatives occurred
from the enhydrazine tautomeric form [11,12].

In this paper we report on the synthesis and the in-
vestigations of such 9-hydrazono-4-0x0-6,7,8,9-tetrahydro-
4H-pyrido[1,2-a]pyrimidine-3-carboxylates which exhibit a
hydrazone-enhydrazine tautomerism.

Chemistry.

In the reaction of ethyl 9-hydrazone-6-methyl-4-0x0-6,7,-
8,9-tetrahydro-4H-pyrido[1,2-a]pyrimidine-3-carboxylate
(1) [2] with benzaldehyde in dimethyl sulphoxide at room
temperature for 6 days the formations of two products was
indicated by tlc. Two products 2e and 2h were separated
by the use of preparative tlc (see Experimental Section).
The product with a higher Rf value proved to be the
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enhydrazone tautomer 2e, while the other the hydrazone 9h, but the reaction in boiling acetonitrile (Method C)

2h (see below). resulted in the formation of an isomeric mixture with the
N R predominance of enhydrazine tautomer 9e (see Table 1).
% Q Table 2
THZ I:‘lm &H UV Data on Compounds 1-3,7,9 and 10 in Ethanol
N R N
Compound R A, am (g)
sone{y — X
I 00EL D b 5 1 358 (22840), 295 (6250),  274i (3850)
h o . 2h H 343 (19590), 280 (13270), 231i (91209)
c - - 3h 4-NMey 456 (25420), 354 (10550), 307 (11030),
ydrazone enhydrazone 264 (9350)
AL 9h  3-NO, 340 (16870), 266 (22220)
9-Hydrazonopyridopyrimidine (1) was reacted further 10h  4-NO,  346(19300), 306(17710)
aromatic aldehydes in boiling ethanol (Method A) or in 2e H 385i (4070), 330 (27440), 271 (11830),
chloroform in the presence of one drop of ethanolic 227 (13300)
hydrogen chloride at ambient temperature (Method B). 7e  4Cl[a] 390 335, 272,
When 4-nitrobenzaldehyde was reacted with compound 1 232
9e 3-NO, [a] 386, 333, 260

according to Method B the reaction mixture contained
mainly hydrazone tautomer 10h, but when the row pro-
duct was boiled in acetonitrile the ratio of the two

10e 4-NO, 402 (21440), 380 (21500), 340i (18630),
262 (17950), 235i (14100)

tautomers was reversed. The reaction of 3-nitrobenza- h Hydrazone tautomer, eEnhydrazine tautomer. [a] In saturated
ldehide in ethanol afforded almost pure hydrazone form solution.
Table 1

Physical and Analytical Data on Compounds 3-12

Compounds R Method  Yield Mp Enhydrazine Formula Analysis
% °C content [a] Calcd./Found % Halogen
% C H N
3h 4-NMe, A-1 66.6 163 5 C1Ha5NsO3 63.78 637 17.71
(AcOE) 63.74  6.28 17.58
de 4-Me A-1 21.7 172-173 70 CyoH2oN403 65.56  6.05 15.29
(Et0) [b] 6580 6.11 15.08
B 724 168-170 70
(Ex0) [b]
5 3-Me B 50.7 140-142 59 CooH2oN4O4 65.56  6.05 15.29
(EnO0) [b] 6574  5.89 15.30
6 4-Br B 61.3 202-204 32 Ci19H19BIN4O3 5291 4.44 12.99 18.53
(MeCN) [b] 53.09 438 1291 18.72
Te 4-C1 B 71.8 198-200 80 Ci9H19CIN4O3 5899 495 14.48 9.17
(MeOH) 58.83 5.04 14.40 9.29
8e 3-Cl B 829 164-166 83 Ci9H1gCIN4O4 5899 495 14.48 9.17
(MeCN) 59.11 4.88 14.59 9.20
%h 3-NO;, A2 86.5 132 5 Ci9H1gNsO5 5743 4.82 17.62
(EtOH) 57.49  4.90 17.48
9e 3NO, C 732 214-216 84 C1gH19N5O5 5743 482 17.62
(MeOH) [b] 57.71 491 17.61
10h 4-NO, A-l 98.2 168-170 5 C19HgN505 5743 482 17.62
(EtOH) 57.61 458 17.77
10e 4NO, B 93.2 145-147 86 Cy9H 9N5O5 5743 482 17.62
(MeCN) [b] 5762 495 1748
11h 3-OH B 722 202-204 10 Cy9HpoN4O4 61.94 547 15.21
(MeCN) [b] 61.76 555 15.30
12h 4-OH B 79.4 125-127 5 Ci9HpgN404 6194 547 15.21
(MeOH-H;0 = 3:1) 62.14  5.46 15.14

h Hydrazone tautomer, e Enhydrazine tautomer. [a] The content of enhydrazine tautcmer was estimated on the basis of the intensity of H-8 of enhy-
drazine from the 1H nmr. [b] Boiled in the solvent given.
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Table 3
IH NMR Chemical Shifts and Multiplicities for Hydrazone and Enhydrazine Tautomers of Compound 2 in deuteriochloroform [5 TMS = 0.00 ppm]

Compound 2-H  6-Heq 7T-Heq 7-Hyy 8-Hor -CH= 6Me OCH,—CH; NH Ph
8-H,

2h 878s 5.10-5.50m 1.80 -  228m  260332m 850s 141d 435q 141t 7.30-7.95m

2e 8.63s 5.10-5.50m 2.46ddd[a] 294ddd[a] 6.18ddd[a] 855s 138d 4.42q 142t 887s  7.25-7.80m

h Hydrazone tautomer, e Enhydrazine tautomer. [a] Z7¢, 7, = 18.3 Hz, 3 g 70 = 1.6 Hz. [b] 3Tge 75 = 6.9 Hz [c] 3l7¢g ~7.1 Hz, 37,3 ~3.1 Hz,

geg~ 12 Hz.

Table 4
Characteristics IH NMR Chemical Shifts for Compounds 1 and 3-12 in deuteriochloroform [ TMS = 0.00 ppm]

Compound R Hydrazone Tautomers Enhydrazine
2-H -CH= [a] 2-H -CH= [a] 8-H
1] 8.72s]c]
3 4-NMe, 8.80s 8.65 870s 8.78 5.80m
4 4-Me 8.78s 8.52 860s 8.45 6.15m
5 3-Me 8.825s 8.52 8.62s 8.67 6.18 m
6 4-Br 8.82s 8.50 8.62s 8.70 6.18 m
7 4-Cl 8.88s 8.58 8.60 s [d] 8.60 [d] 6.20m
8 3-Ci 882s 8.48 8.62 5 [e] 8.62 [e] 6.20m
9 3-NO, 8.80s 8.55 8.66s 8.85 6.30m
10 4-NO, 879s 8.50 862s 8.90 6.26 m
11 3-OH 880s 8.45 865s 6.18 m
12 4-OH 8.82s 8.53

[a] Broad singlet. [b] 85:15 Mixture of E and Z isomers. [c] Chemical shifts of E isomer, SHE) = 8.68 ppm. [d] Overlaping signs. [e] Overlaping

signs.
Table 5
13C NMR Chemical Shifts of Compounds 2, 3 and 10
[8 TMS = 0.00 ppm]
Compound
2h [a] 2e [a] 3h [b] 10h [a]

C-2 157.6 157.9 157.5
c3 116.4 1159 115.6 116.9
C4 157.4 157.6 157.4
C-6 46.8 45.1 46.7 46.9
C-7 25.2 273 253 25.2
C-8 21.7 103.7 215 219
C9 155.0 155.6 [c] 154.9
C-9a 157.4 1353 156.4 [c] 157.2
3-CO 163.7 164.0 163.8
=CH- 160.1 161.8 164.1 156.2
6-CHs 17.5 17.5 17.7
OCH, 61.2 61.1 61.5
CH,CH3 143 143 143
C-1 133.8 1353 121.4 139.4
C-2.6' 129.0 131.4 129.3
C-3.5' 129.0 111.8 124.3
c4 132.1 153.4 149.8
NMez 40.0

[a] In deuteriochloroform. [b] In DMSO-dg. [c] Tentative assignment.

Spectroscopic Studies.

Some characteristics uv, 'H and '*C nmr data are

tabulated in Tables 2-5.

In the ir spectra (potassium bromide) the presence of
the enhydrazine tautomer is indicated by the sharp ab-
sorption band of NH group at around 3300 cm™".

In the 'H mmr spectra (deuteriochloroform) the chem-
ical shifts of H-2 of hydrazone tautomers appeared at
lower field than that of H-2 of enhydrazine tautomers
(hydrazone 64, = 8.78-8.85 ppm, enhydrazine 0y, =
8.60-8.70 ppm).

The enhydrazine tautomer can be distinquised in the 'H
nmr spectra by the chemical shift of H-8 appeared around
6.00 ppm.

Because of the lack of stabilization factors (e.g. the
formation a hydrogen bond) the C=N double bonds in
both hydrazone and enhydrazine tautomers adopt most
likely the sterically less crowded E conformations.

The interconversion between the hydrazone and en-
hydrazine tautomers could be catalyzed by acid. When
solutions of arylhydrazones 2-10 in deuteriochloroform
(~5.5 x 10 M) were left to stand for 2 days in the
presence of trifluoroacetic acid equilibrium mixtures were
obtained. The amount of the enhydrazine tautomers were
determined by 'H nmr spectroscopy, comparing the inten-
sity of H-8 of enhydrazine with that of H-6 of pyrido-
pyrimidine skeleton. The ratio of the two tautomeric forms
was affected by the substituent of the phenyl ring. The
presence of an electron withdrawing substituent shifts the
equilibrium to the enhydrazine tautomer by stabilizing
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Figure 1. Relationship between Igk* and substituent (R) constants, 0™ and 0.; IgKrs = (0.983 £ 0.054) - 1.058 £ 0.063; r*> = 0.982.

the ionic canonical form A (see Scheme 3), while the elec-
trondonating groups stabilize the mesomeric form B of
the hydrazono tautomer (see Scheme 3).

Scheme 3
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A fair linear correlation was obtained when the logari-
thms of the equilibrium constants were plotted against o~
constant of the para substituent of the phenyl ring [13] and
0., constant of the meta substituent [14] (see Figure 1 and
Table 6).

EXPERIMENTAL

Melting points were uncorrected. Yields were not optimized.
The uv spectra were recorded on a Unicam SP-800 spectrophoto-
meter. The ir spectra were recorded for KBr pellets with a Zeiss
UR-20 spectrophotometer. The 'H and '*C nmr spectra were

Table 6
Equilibrium Contents of 9-Arylidenehydrazonopyridopyrimidin-3-
carboxylates 2 and 4-10

Compound R Enhydrazine Kg [b] 1gKg o~ [c] op[d]
content [a]

10 4-NO, 54 1.17 007 117
9 3-NOy 34 0.52 -0.29 0.71
8 3-Cl 17 0.20 -0.69 0.37
6 4-Br 12 0.14 -0.87 028
7 4-Cl 12 0.14 -0.87 027
2 H 8 0.09 -1.06 0.00
5 3-Me 8 0.09 -1.06 -0.07
4 4-Me 6 0.06 -1.19  -0.15

[a] The amount of enhydrazine tautomer in the equilibrium after 2 days
in a solution of deuteriochloroform and trifluoracetic acid. [b] Kg =e%

/h%. [c] Ref 13. [d] Ref 14.

measured on a Bruker WP-80 spectrometer at 80 MHz and 20.1
MHz, respectively. Chemical shifts are given on § scale, and TMS
was used as internal standard.

Reaction of Ethyl 9-Hydrazono-6-methyl-4-0x0-6,7,8,9-tetrahydro-
4H-pyrido[1,2-a]pyrimidine-3-carboxylate and Benzaldehyde.

A mixture of ethyl 9-hydrazonopyrido[l,2-alpyrimidine-3-
carboxylate (1) [2] (2.0 g, 7.57 mmoles) and benzaldehide (1.12 g,
11.88 mmoles) in dimethy! sulphoxide (12 ml) was left to stand at
ambient temperature for 6 days. The reaction mixture was dil-
uted with water (20 ml) and it was extracted with benzene (3 x 30
ml). The combined and dried (sodium sulfate) organic phase was
evaporated to dryness in vacuo. The oily residue was crystallized
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by the treatment of diethyl ether (20 ml). The crystals were
filtered off, and washed with diethyl ether to give 2.0 g (75%) of a
mixture of 2h and 2e, mp 140°.

Compounds 2h and 2e were separated on a preparative
Kieselgel 60 PF154.566 plate (Merck). Developing system: benzene:
methanol = 7:1. Eluent system: methanol: methylene chloride =
1:10.

Ethyl 9-(Benzylidenehydrazono)-6-methyl-4-0x0-6,7,8,9-tetra-
hydro-4H-pyridof1,2-a]pyrimidine-3-carboxylate (Zh).

Compound 2h with lower Rf value had mp 142-144°, 0.12 g,
(methanol); ir (potassium bromide): » max 1736, 1708, 1680 cm-*.

Anal. Caled. for C,gH;0N,05: C, 64.77; H, 5.7%; N, 15.89.
Found: C, 64.53; H, 5.53; N, 15.82.

Ethyl 9-{(benzylidenehydrazino-6-methyl-4-0x0-6,7-dihydro-4H-
pyrido[1,2-aJpyrimidine-3-carboxylate (2e).

Compound 2e with higher Rf value had mp 133-134°, 0.75 g,
(methanol); ir (potassium bromide): » max 3330, 1738, 1706, 1680
cm™,

Anal. Caled. for C,sH,0N,Os: C, 64.77; H, 5.72; N, 15.89.
Found: C, 64.59; H, 5.68; N, 15.96.

Method A-1.

A solution of 9-hydrazonopyridopyrimidine 1 [2] (0.5 g, 1.89
mmoles) and the appropriate aldehyde (2.83 mmoles) in ethanol
(3 ml) was refluxed for 5 hours. The reaction mixture was evapor-
ated to dryness in vacuo. The residue was crystallized by the
treatment of diethyl ether.

Method A-2.

A solution of 9-hydrazonopyridopyrimidine 1 [2] (0.5 g, 1.89
mmoles) and the appropriate aldehyde (2.83 mmoles) in ethanol
(10 ml) was boiled for 3 hours. The reaction mixture was cooled to
0° and the crystalline product was filtered off. The mother li-
quour was evaporated to dryness in vacuo. The residue was
crystallized by the treatment of ethanol. The combined crystals
were recrystallized.

Method B
A solution of 9-hydrazonopyridopyrimidine 1 [2] (0.5 g, 1.89

9-(Benzylidenehydrazono)-6-methyl-4-0x0-6,7,8,9-tetrahydro- 785

mmoles) and the appropriate aldehyde (2.83 mmoles) in chloro-
form (5 ml) and one drop of ethanol containing 20% hydrogen
chloride was left to stand at room temperature for 24 hours. The
reaction mixture was evaporated to dryness in vacuo. The residue
was crystallized by the treatment of diethyl ether.

Method C.

A solution of 9-hydrazonopyridopyrimidine (1) [2] (0.5 g, 1.89
mmoles) and the appropriate aldehyde (2.83 mmoles) in aceto-
nitrile (10 ml) was boiled for 6 hours. The reaction mixture was
cooled to 0° and the crystalline product was filtered off.
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