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STUDY OF THE ACYLATION REACTION
OF 2,6-DIMETHYL-3,5-PYRIDINEDICARBOXYLIC
ACID HYDRAZIDES

E. Yu. Nesterova', M. V. Voevudsky?, A. V. Samukha', R. I. Zubatyuk®, and O. V. Shishkin®

Acylation of 3-ethoxycarbonyl-2,6-dimethyl-5-pyridinecarboxylic acid hydrazide and 2,6-dimethyl-3,5-
pyridinedicarboxylic acid dihydrazide using aromatic acid chlorides gave the corresponding N-aroyl
hydrazides. It was found that the hydrazinolysis of 3-ethoxycarbonyl-2,6-dimethyl-5-pyridine-
dicarboxylic acid N-aroyl hydrazides occurred not at the ester group but as a rehydrazinolysis reaction
at the dihydrazide fragment.

Keywords: aromatic acid halides, hydrazide, hydrazine hydrate, hydrazinolysis, X-ray analysis.

The studies [1, 2] demonstrated the possibility of a stepwise hydrazinolysis of the ester groups in diethyl
2,6-dimethyl-3,5-pyridinedicarboxylate with subsequent formation of 3-ethoxycarbonyl-2,6-dimethyl-5-
pyridine-carboxylic acid hydrazide (1) and 2,6-dimethyl-3,5-dipyridinedicarboxylic acid dihydrazide (2) and
then the corresponding hydrazones using aromatic aldehydes. It was found that the free ester group in the case of
the hydrazones obtained from the monohydrazide 1 does not participate in the hydrazinolysis reaction.

With the aim of investigating the chemical properties of the hydrazides 1 and 2 we have studied their
acylation reaction with the aromatic acid halides 3a-h. This reaction occurs under base catalysis conditions using
dry, refluxing acetonitrile. The choice of solvent and the temperature conditions are limited by the solubility of
the hydrazides 1, 2 in organic solvents.

The 3,5-pyridinedicarboxylic acid N-aroyl hydrazides 4, Sa-h formed in the reaction are neutralized
using aqueous alcoholic sodium bicarbonate solution to give the corresponding bases 6, 7a-h (Tables 1-3). As is
evident from the Table the most difficulty occurs in the reaction with 2-methoxybenzoyl chloride and this is
evidently linked both with the lower electrophilicity of the reagent and with the steric hindrance generated by the
ortho-methoxy group.

The N-aroyl hydrazides 6, 7a-h are quite stable to acid and base hydrolysis but this occurs to give
2,6-dimethyl-3,5-pyridinedicarboxylic acid by refluxing for 6-10 h in 15% hydrochloric acid, virtually the same
time being needed for the complete hydrolysis using a 2N aqueous alcohol solution of potassium hydroxide
under reflux.

The ester group of the monohydrazide 1 readily takes part in a hydrazinolysis reaction to give the
dihydrazide 2 [1]. We were interested in the possible hydrazinolysis of the ester group in the obtained N-aroyl
hydrazides 6a-h. It was found that prolonged reflux of both the bases 6a,b,e,f;h and the hydrochlorides
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Fig. 1. Structure of compound 6d derived from X-ray investigation

4a,b,e,f,h with an excess of hydrazine hydrate in medium of different polarity (methanol, butanol, 2-propanol, or
acetonitrile) or in hydrazine hydrate (98%) without solvent gave the corresponding benzoic acid hydrazide
9a,b,e,f,h and dihydrazide 2 and not compounds 8a,b,e,f,h. Chromatographic monitoring of the course of the
reaction did not reveal the formation of intermediate products.

Similar behavior for the free ester group has been reported before [3] in attempts to hydrazinolyze the
hydrazones of the monohydrazide 1. It is possible that the N-aroyl hydrazide fragment in compounds 6a-h
experiences steric hindrance towards the attack of the ester group similarly to the 4 substituent in diethyl
2,6-dimethyl-3,5-pyridinedicarboxylate, the presence of which completely blocks the hydrazinolysis of the
3,5-ester groups (as shown in [2]).

X-ray analysis of compound 6d showed (Fig. 1, Tables 4, 5) that the N-aroyl hydrazide fragment has an
ap-ac-ap conformation (torsional angles C(4)—C(6)—N(2)—N(3) 172.7(2)°, C(@)—N(z)—N(3)—C(7) 99.8(3)°, and
NoyNia—C—Csy -179.5(2)° which is apparently typical of N,N'-bis(2-arylcarbonyl)hydrazines. This is
supported by  the results of X-ray  analysis of  1,2-dibenzoylhydrazine [4] and
N,N'-bis(2-pyridinocarbonyl)hydrazine [5] in which a similar conformation of the C—C(=0)-NH-NH-C(=0)-C
fragment is observed. The C(7)—O,) carbonyl group lies virtually in the plane of the benzene ring (torsional angle
O@—C7~Cs—Cq3) -6.1(4)°. Such an orientation is likely due to the formation of an intramolecular hydrogen
bond Ngy-H+Og) (H+O 1.91 A, N-H--O 135°). The rotation of the carbonyl group C O relative to the
pyridine ring is in all likelihood associated with unfavored nonvalence interactions between the O(;) and Cs)
atoms as evidenced by the deformation of the torsional angle C—C4—C(5—C1s) to -7.3(4)°. The methoxy group
lies in the C3—C13) ring plane (torsional angle C7—Cs—C9y—Oys) 0.3(4)°).

With the exception of Cj6) the atoms of the ester substituent are randomized into two conformations A
and B with a population of 0.35: 0.65 as a consequence of free rotation around the C;—C ;) and O—C 17, bonds
(torsional angles C(])—C(z)—C(lb)—O@) 398(5)0 (A), -182(4)0 (B) and C(]())—O(4)—C(17)—C(13) 770(6)0 (A), -
170.7(2)° (B). In both conformations the C(), Ow), C16), and C(17) atoms are coplanar (torsional angles C17)~Oy—
CueCp2) -179.2(2)° (A), 180.0(2)° (B)). The O, Oy, and Oy oxygen atoms form the attractive, shortened
contacts Ogy~-Hispy 2.70 (C-H--O 116°), OyHas)y 2.09 (A), 2.39 A (B) (C-H--O 125 (A), 110° (B)), and
Ouay~Hg) 2.37(A), 2.44 A (B) (C-H--0O 99°) (sum of van der Waal radii 2.46 A [4]).
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TABLE 1. Characteristics of Compounds 6a-h, 7a-h

Com Empirical _Found, % _
pound formula Calculated, % mp, °C Yield, %
C H N

6a CisH19N304 63.14 547 12.09 183-184 55
63.33 5.61 12.31

7a C2;H21N504 64.35 4.72 16.33 282-283 60
64.03 491 16.23

6b CpHy7N;04 66.67 6.57 10.41 175-176 82
66.48 6.85 10.57

7b C31H37N504 68.72 6.49 12.93 244-245 55
68.49 6.86 12.88

6¢ C24H23N;04 69.23 5.32 10.28 214-215 94
69.05 5.55 10.07

7c C35HoN504 72.36 5.28 12.26 351-352 70
72.03 5.01 12.00

6d C9H21N305 61.74 5.51 11.57 170-171 14
61.45 5.70 11.31

7d Cy5H25N504 61.28 5.46 . 264-265 20
61.09 5.13 14.25

6e CisH1sN4Os 56.21 4.53 14.27 230-231 77
55.96 4.70 14.50

Te Ca;H9N7Og 52.83 3.83 18.55 318-320 80
52.98 3.67 18.80

6f Ci5H1sN4Op 55.65 491 14.72 225 95
55.96 4.70 14.50 (dec.)

7f C2;H19N7Os 52.61 3.74 18.49 275 81
52.98 3.67 18.80 (dec.)

6g Ci5H,7CIN4O¢ 51.59 4.22 13.38 204-205 94
51.38 4.07 13.31

7g CxH;7CILN;0g 46.62 2.67 12.42 281-282 96
46.80 2.90 12.01

6h C5H1sFN304 60.34 5.32 11.61 253-254 72
60.16 5.05 11.69

7h CxH oF2NsO4 59.46 4.23 14.74 292-293 60
59.10 4.10 14.98

The molecules in the crystal are bound in an infinite chain by hydrogen bonding with N3—H:-Oy (1 - x,
y,1.5-z) (H+0 1.83 A, N-H--0 129°) and Np-H+-Oay (0.5 - x, 0.5 - , 1 - z) (H-~-0 2.00 A, N-H--O 162°), the
formation of which leads to lengthening of the Ci~O(y and C7-Og) bonds to 1.226(3) and 1.233(3) A
respectively (mean value 1.210 A [5]). It should be noted that the H(N3) atom takes part in simultaneous
formation of two hydrogen bonds.

The IR spectra of the obtained compounds 6a-h, 7a-h (Table 3) confirm the presence of associated and
free NH groups. According to data in [6, 7] the absorption bands in the region 3210-3170 cm™ are assigned to
vibrations of associated NH group whereas a nonassociated NH group absorbs at 3540-3310 cm™. One broad,
strong band is observed for the absorption of the NH-NH fragment in the case of the N-benzoyl dihydrazide 7a
(Table 3) and points to a strong association of the NH groups, however the presence of a substituent in the
benzoyl fragment causes a decrease in the association and the spectrum of compounds 7g shows only a narrow
stretching band for a free NH group. As a rule the presence in the IR spectra for compounds 6a-h of two
absorption bands for the ester group agrees with the X-ray data (see Fig. 1) as regards the presence of the two
conformations A and B while compounds 6b-f show a strong bathochromic shift of the ester band when
compared with that of the monohydrazide 1 (1740 cm™) [1]. Exchange of the ester group in compounds 6a-h for
a hydrazide fragment leads to an increase in the electron density in the pyridine ring as supported by the shift to
high field for the pyridine ring H-4 proton signal in the '"H NMR spectra when going from the hydrazides 6a-h to
7a-h (Table 3). For compounds containing the o-F and 0-OMe groups this shift is minimal (0.04 and 0.10 ppm
respectively) but in going from the monohydrazide 1 (8.12 ppm) to the dihydrazide 2 (7.65 ppm) it is
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TABLE 3. IR Spectra of the Synthesized Compound

Com- v, em’ - -

VNH amide I band amide II band
pound Vi free assoc. Ve=o and (Vc—o) and (3 np)
6a 3420 3230 1740, 1660 1570, 1550

1720
7a 3450+ 3200 1670, 1610 1565
6b 3340, 3205 1720, 1655, 1555
1700 1610
7b 3450 3280 1700, 1670, 1565, 1545
1640, 1610
6¢ 3450%* 3190 1710 1665 1525
Tc 3540 3270 1660, 1650 1540
6od 3380, 3340 3250 1710 1680, 1570
1650-1630
7d 3430 3340, 3270 1675-1650 1550
6e 3420 3210 1720 1650 1540
Te 3190 1610 1540
of 3400 3200 1710%* 1690-1660 1530
7f 3510%, 3410 3280, 3230 1650, 1610 1540-1530
6g 3410 3210 1725, 1650, 1610 1540
1700
7g 3400 1630 1540
6h 3450 3220 1740, 1660, 1630 1570-1550
1720%*
7h 3450 3250%* 1670-1650 1560-1510
* Shoulder on main band.
TABLE 4. Bond Lengths (/) in the Structure 6d
Bond I, A Bond LA Bond LA
O1)y—Cie) 1.226(3) Nay-Ces) 1.331(4) Cis—Cas) 1.520(5)
Ou-Cor 12333) | NerCe 13303) | CorCe 1.491(3)
Oua-Cue) 1218(4) | NeNg 13903) | CwCo 1.385(4)
Ocry—Cae 1.225(3) Ne—Co 1.333(3) CierCas) 1.386(4)
Oua-Cue) 1347(4) | CurCo 13954) | CorCuo 1.389(4)
Ouar-Caa 1.460(4) | Cuy-Cus 1515@) | CuoCuny 1.371(5)
Ows—Cs) 1.317(3) CoCa 1.396(3) Can-Ca 1.368(6)
Ouny-Cuirm) 1458(4) | CorCus 1448(4) | CuzCus) 1.389(4)
0is-Co) 13693) | CorCu 13694) | CamayCasa 1.528(4)
Op~Cao) 1.431(3) Ca-Ces) 1.377(4) Cam—Cass) 1.519(4)
No—Ca) 1.329(4) Cay-Ce) 1.502(3)

0.47 ppm. In most cases the proton signals for the NH-NH fragment appear as sharp singlets but for compounds
6, 7f-h with strong electron acceptor substituents in the aroyl fragment they are seen as a broadened singlet,
evidently as a result of their closeness in chemical shift values.

Hence the impossibility of hydrazinolysis of the ester group in compounds 6a-h is difficult to explain in
terms of the unavailability of the electron center due to steric factors and also the electronic effect of the
hydrazide fragment in the meta-related position in the pyridine ring. Evidently the reason must be looked for in
features of the mechanism of the hydrazinolysis reaction.
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TABLE 5. Valence Angles (®) in the Structure 6d

Angle o, deg Angle o, deg
C6-Ouar—Cara) 124.7(4) Op~Ciy~Ng) 121.6(2)
C16-Owur—Ci7p) 112.4(3) Op~Ciy—Ces) 120.4(2)
CoOs—Cao) 120.6(2) Nie-Cor—Ces) 118.0(2)
Cay-Nuy-Ces) 119.6(3) Cor-CeCas) 118.4(3)
Cio-Noy-Noy 121.02) Cor-Cis-Cor 125.7(2)
CarNerNe 119.8(2) Cus-Ce»—Ca 116.0(3)
No-Cu—Co 121.8(2) O—Co—Ces) 117.3(2)
Noy-Car-Caa 114.8(3) Ows-Cior-Co) 121.8(3)
CoCuy—Cas 123.4(3) C—Co—Cio) 120.9(3)
CayCpCp) 117.2(3) Cai-Cao—Co) 119.3(3)
Cay~C2Cuie 122.7(2) Cu2-Can—Cuo) 121.2(3)
Ci-C—Cue 120.0(3) Cain-Can—Cas) 119.2(3)
CuyCiCo 120.8(3) C—~Ca3—Cuz) 121.0(3)
CiCu—Css) 117.6(2) Oi—C16-Ous) 117.4(3)
CirCu—Ce) 119.8(3) O@3a—C6Owua) 130.3(5)
Cs-Cay—Co) 122.6(3) O3a—Cae—Ce 113.6(5)
Nuy-Cis-Can 122.93) Ouey-Cas-Co) 126.4(3)
Ny-Cesr-Cas) 116.0(3) OusyCer-Co 116.1(2)
CuCis—Cas) 121.0(3) Oua—Cue—Co 112.3(2)
OuCieNo 123.7(2) OuaCarar—Casa) 113.2(6)
Ouy-Cior-Ca 122.4(2) Ousy-Cory-Cass) 102.0(3)
Nor-Cio-Can 113.8Q2)

EXPERIMENTAL

Crystals of 6d are monoclinic, C;oH,N;Os, at 20°C a = 18.676(4), b = 15.851(4), ¢ = 15.825(3) A;
B=124.35(1)°; V =3868(2) A M, = 37139, Z = §; space group C2/c; de = 1.276 g/cm3;
uw(MoKo) = 0.094 mm™, F(000) = 1568. Unit cell parameters and intensities for 3627 reflections
(3386 independent, R, = 0.026) were measured on an automatic, four circle Siemens P3/PC diffractometer
(MoKa., graphite monochromator, 26/6 scanning, 20,,,x = 50°).

The structure was solved by a direct method using the SHELXTL program package [8]. The positions of
the hydrogen atoms were revealed from electron density difference synthesis and were refined using the "riding"
model with Ui, = nU,q for the non-hydrogen atom bonded to the given hydrogen atom (n = 1.5 for methyl
groups and n = 1.2 for other hydrogen atoms). In the refinement limits were set for the bond lengths in the
randomized fragment: C(16)—O(3) 1202(5), C(16)—O(4) 1337(5), 0(4)—C(17) 1452(5), and C(17)—C(1g) 1530(5) A The
structure was solved by an F° full-matrix least-squares analysis in the anisotropic approximation for non-
hydrogen atoms with the exclusion of the randomized atoms which were refined isotropically. The final
difference parameters were wR, = 0.222 for 3356 reflections (R, = 0.068 for 1327 reflections with F' > 4c(F), S =
0.933). The bond lengths and valence angles are given in Tables 4 and 5 respectively.

IR spectra were recorded on a UR-20 instrument for KBr tablets (0.25%) and '"H NMR spectra on a
Varian 300VXR spectrometer (300 MHz) using DMSO-d; solvent and TMS internal standard. Monitoring of the
reaction course and the product purity was carried out using TLC on Silufol UV-254 plates in the system
benzene—ethyl acetate—methanol (10:7:1) and revealed using iodine vapor.

1518



Acylation Reaction of the Hydrazides 1, 2 (General Method). The acid chloride (0.001 mol for each
hydrazide group) was added to a solution of the corresponding hydrazide (1 or 2) (0.001 mole) in acetonitrile (25
ml). The reaction mixture was refluxed for 1 h. The corresponding precipitated hydrochloride 4, 5a-h was
filtered off, dissolved in methanol, and a two-fold excess of saturated, aqueous sodium bicarbonate was added.
The precipitate obtained was recrystallized from acetonitrile or a mixture of acetonitrile and water.

Hydrazinolysis of 3-Ethoxycarbonyl-2,6-dimethylpyridine-5-carboxylic Acid 2-Benzoyl Hydrazide
(6a). Hydrazine hydrate (98%, 2 ml) was added to a solution of 6a (0.34 g, 0.001 mol) in methanol (10 ml) and
refluxed for 6 h. The precipitated dihydrazide 2 was filtered off and the solution was evaporated to dryness in
vacuo. The benzoic acid hydrazide 9a obtained was crystallized from ethanol. Yield 48%; mp 116-117°C
(ethanol) (mp 116.5-117.5°C [9]). The compound prepared did not give a depression in melting point with a
sample obtained by method [9] from ethyl benzoate and hydrazine hydrate.

Hydrazinolysis of 3-Ethoxycarbonyl-2,6-dimethylpyridine-5-carboxylic Acid 2-(p-tert-Butyl-
benzoyl) Hydrazide (6b). Hydrazine hydrate (85%, 6 ml) and ethanol (2 ml) were added to the hydrazine 6b
(0.39 g, 0.001 mol). The mixture was refluxed for 10 h, and the solution was evaporated to dryness in vacuo.
The precipitate obtained was extracted with refluxing methanol. The methanol solution was evaporated and the
residue was recrystallized from 2-propanol. Yield of p-tert-butylbenzoyl hydrazide (9b) 43%; mp 117-118°C
(2-propanol) (mp 118-120°C [10]). The compound prepared did not give a depression in melting point with a
sample obtained by method [10] from ethyl p-fert-butylbenzoate and hydrazine hydrate (85%). The precipitate
insoluble in methanol is the dihydrazide 2.

Hydrazinolysis of 3-Ethoxycarbonyl-2,6-dimethylpyridine-5-carboxylic Acid 2-(m-Nitrobenzoyl)
Hydrazide (6e) was carried out similarly to the hydrazinolysis of the hydrazide 6b over 5 h. Yield of
m-nitrobenzoyl hydrazide 9e 52%; mp 152-154°C (ethanol) (mp 154°C [9]).

Hydrazinolysis of 3-Ethoxycarbonyl-2,6-dimethylpyridine-5-carboxylic Acid 2-(p-Nitrobenzoyl)
Hydrazide (6f) was carried similarly to the hydrazinolysis of 6b over 3 h. Yield of p-nitrobenzoyl hydrazide 9f
67%; mp 209-210°C (water) (mp 210°C [11]). The compound prepared did not give a depression in melting
point with a sample obtained by method [11] from ethyl p-nitrobenzoate and hydrazine hydrate (98%).

Hydrazinolysis of 3-Ethoxycarbonyl-2,6-dimethylpyridine-5-carboxylic Acid 2-(o-Fluorobenzoyl)
Hydrazide (6h) was carried out similarly to the hydrazinolysis of 6a over 13 h. Yield of o-fluorobenzoyl
hydrazide 9h 27%; mp 71-73°C (cyclohexane) (mp 72-73°C [12]). The compound prepared did not give a
depression in melting point with a sample obtained by method [12] from ethyl o-fluorobenzoate and hydrazine
hydrate (85%).
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