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POLAROGRAPHIC BEHAVIOUR OF SOME NEW
N*'-ISONICOTINOYL-N-DISUBSTITUTED HYDRAZINES
AND DETERMINATION THEIR STRUCTURE

D.DuMANOVIC, M.MILORADOVIC and D1 KosaNoviE
Research Laboratory “Galentka”, Zemun, Yi I

Received June 29th, 1970

The general polarographic behaviour of six new Nl-isonicotinoyl-N2-disubstituted hydrazines
has been studied and compared with the corresponding behaviour of isonicotinamide and three
in literature known Nl-isonibotinoyl~N2-monosubstituted hydrazines. The structure of the new
compounds has been determined by means of their syntheses, their polarographic behaviour,
and the result obtained by controlled-potential electrolysis on the first cathodic wave.

Nl-Isonicotinoyl-disubstituted hydrazines were prepared by three different ways'. The compounds
have been obtained by addition of N'-isonicotinoyl hydrazine (Isoniazid) to the corresponding
derivatives of acrylic acid, or from Isoniazid and derivatives of B-chloropropionic acid. The third
way is by ammonolyses of the compounds obtained by the reaction of one mol Isoniazid.and two
mol of methyl acrylate with the corresponding amines.

Polarographic behaviour of these new compounds has been compared with the
polarographic behaviour of similar compounds, which had previously been investigat-
ed. Isonicotinamide was studied by several authors®~>. Lund® has determined the
nature of its electrode reaction. The mechanisms of the electrode reactions of Iso-
niazid have also been established by the same author®. Quite a number of other
authors” ~2° have also investigated the polarographic behaviour of Isoniazid. N*-Iso-
nicotinoyl-N?-(B-benzil propionamide)hydrazine (Niamid) has been studied polaro-
graphically by Schlitt and coworkers'” and by Brandys?!.

CONH.NH, (|JONH2

| \! + 2e” + 2H* ——> m + NH,™)
NGy NG,
I b

ScHEME 1
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Polarographic Behaviour of Some New N!-Isonicotinoyl-N2-disubstituted Hydrazines 405

According to Lund®¢'*? the first cathodic wave of Isoniazid, in strongly acid solu-
tion, was found to be caused by a reductive splitting of the nitrogen-nitrogen bond
(Scheme 1). The second cathodic wave of Isoniazid is caused by the reduction of iso-
nicotinamide, formed in the first reduction, and the reaction proceeds according
to Scheme 2.
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SCHEME 2

As the new synthesized N'-isonicotinoyl-disubstituted hydrazines, according
to their elementary analysis, could have the structure A or the structure B, we at-
tempted to determine which structure corresponds to them. For this purpose their
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I, R = —(CH,),CONH, v, R = —(CH,),CONH(CH,),0H
II, R = —(CH,),CONHNH, ¥, R = —(CH,),CONH(CH,);0H
III, R = —(CH,),COOCH, VI, R = —(CH,),CONHCH, CH;

polarographic behaviour have been studied. Furthermore, the structure of the com-
pound obtained by controlled-potential electrolysis on the first cathodic wave of
the compound 111, have been determined.

EXPERIMENTAL

Compounds

New compounds I— VI were prepared in the department of synthetic chemistry of the Pharma-
ceutical and Chemical factory *‘Galenika”, Beograd-Zemun. Their melting points and the results
of elementary analysis are the following:

I: m.p. 208—209°C (ethanol). For C|,H,N;0O; (279-2) calculated: 51-60% C, 6-:00%; H,
25:00% N; found: 51-85% C, 6:18% H, 24:74% N.

It m.p. 184—185°C (ethanol), For C;,H;oN,0; (309-2) calculated: 46:61% C, 6-14%, H,
31719 N; found: 46:35% C, 610% H, 31-50% N.

II: m.p. 84—85°C (ethylacetate). For C,,H;oN;O5 (309-2) calculated: 54-39%; C, 6:15% H,
13-59% N; found: 54:58% C, 6:18% H, 13-71% N.
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406 Dumanovi¢, Miloradovié, Kosanovié :

IV: m.p. 156—157°C (ethanol). For C,H,sN;O; (367-2) calculated: 52:33%; C, 6:87% H,
19-07% N; found: 52-46% C, 6-88% H, 18:95% N.

Vi m.p. 177—178°C (ethanol). For C;gH,gNsO5 (395-2) calculated: 54-69%; C, 7-36%; H,
17-74% N; found: 54-85% C, 7-32% H, 17-74% N.

VI: m.p. 215—216°C (ethanol). For C,¢H,¢N5O; (459:3) calculated: 67-98% C, 6:31% H,
15-25% N; found: 68-10%; C, 6-209%; H, 15-42% N. The physical properties of compounds used
for comparing agreed with those given in literature.

Methods

In the d.c. polarographic measurements a Sargent Model XV Recording polarograph, with
a polarographic cell containing a separated calomel and a dropping mercury electrode, was used.
For the current-voltage curves, from which the temperature coefficients have been calculated,
a special thermostated cell was used. The current-voltage curves were recorded with the normal
vertical dropping mercury electrode (for # = 50cm, m =218 mgs~ ! and = 3-02s at the
potential of the limiting current on the first reduction wave). Controlled-potential electrolysis
were made with the Wenking potentiostat.

TABLE 1

Limitting Currents i4 (in cm) of Isonicotinamide, N'-Isonicotinoyl-N2-monosubstituted Hydra-
zines and N*-Isonicotinoyl-disubstituted Hydrazines as a Function of pH Values

N!.Isonico-
tinoyl—Nz»
Buffer pH Isom(fotm~ Isoniazid (B-methoxy- Niamid
amide carbonyl- .
ethyl) o
hydrazine

Iw. Iw., IIw. Iw., IIw. Iw., IIw.
iM-H,80, - 4-95 410 4-38 370 390 326 325
Acetate 475 10-64 4-40 9-10 362 7-56 337 666
Phosphate 6-83 8:16 490 7-80 400 630 3:30 5-56
Borate 9-20 470 9:12 3-84 3-80 350 348
Britton-Robinson 1-72 6-10 466 7-54 378 636 328 467
Britton-Robinson 2:00 830 446 792 3-80 *6:66 3-32 5-46
Britton-Robinson 3:20 9-70 430 890 370 7-54 328 632
Britton-Robinson 4-05 10-20 440 9-10 3:50 790 336 678
Britton—-Robinson 525 9-54 430 8-80 3-80 7-26 3:08 620
Britton-Robinson 615 8-82 450 8-00 3-98 6-54 310 570
Britton-Robinson 7-32 7-52 438 636 4-20 5-00 314 468
Britton~-Robinson 815 521 9-00 4-34  3-40 3-18 343
Britton-Robinson 9-92 460 9-10 717 3-52 302
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The polarographic behaviour of all ten compounds were examined in 1M-H,SO,, acetate
buffer, phosphate and borate buffer and in Britton-Robinson universal buffer over the range
pH 172 to pH 9-92.

All experiments, exept those designed to investigate the effect of concentration, and controlled-
potential electrolysis, were carried out with solutions that were 2. 10~ %M with respect to the
depolarizers. Since Niamid and compound VI are only slightly soluble in water, their stock
solutions were made in dimethylformamide. The solutions to be examined were prepared by mi-
xing 0-4 ml of the stock solution (5.107 3 in dimethylformamide) with 96 ml of the buffer
solution. The stock solutions of other eight compounds were made in water (I . 10~ 3m). Their
examined solutions were prepared by mixing 2:00 ml of the water stock solution with 8-00 ml
of the buffer solution. The buffer solution was twice as concentrated as in the original prescrip-
tion of Britton-Robinson (i.e. each acid was 0-08M and 0-4mM-NaOH was added).

Controlled-Potential Electrolysis of III

Controlled-potential electrolysis on the first cathodic wave was carried out with 1,107 3um
concentration of the depolarizer (Compound III), in 0-1M-H,SO,. After the electrolysis, which

TaBLE 1
(Continued)
I 17 bl v 14 Vi

Iw, IIw. Iw. ILw. Iw., IIw. Iw., IIw Iw., IIw. Iw., Ilw.
362 366 2:98 3-10 3-40 332 306 3-00 2:82 2:96
3-68 702 3-18 640 334 674 3-32 674 300 590 3-04 578
342 650 3-02 3-80 322 5-80 316 572 3-00 500 2-78 3-86

7-18 3-04 3:50 310 332 318 3440 3-00 290 2:70 254
370 5-86 336 430 3-40 5-00 3-30 4-82 300 4-32 2:90 416
3:60 606 3-30 474 340 594 336 530 300 490 2:92 448
376 7-00 3-38  5-90 340 654 338 622 300 570 2:90 5-57
370 7-00 320 632 332 670 330 660 294 5-80 2:93 572
3:50 706 310 628 330 672 322 660 2-80 572 2:85 557
324 630 3-18 552 328 592 320 5-86 2:80 5-00 2-83 436
312 542 2-96 4-50 3-20 470 3-00 4-81 2-80 3-70 2:80 3-00
300 410 2:90 3-70 3:06 366 2:90 3-48 290 2:90 1-50 1-50

7-04 3-18 3-26 3:60 2-80 310 3-20 2:80 2:62 121 133
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had not to be carried out completely, the solution was made slightly alkaline with ammonia
and evaporated in vacuo. The residue was extracted with methanol. Thin-layer chromatography
was used for separating the compounds after the electrolysis. As the adsorbent silica gel HF 5,
acc. to Stahl was used. Chloroform-methanol (8 :2) was used as the developing system. The
separated compounds were identified either, according to Ry values, which were compared with
those of the appropriate standards (isonicotinic acid, Rp 0-05, isonicotinamide, Ry 0-47,
compound 17, Rp0-83), or chromatopolarographically. (Under short wavelenght UV-light
spot areas (about 1. 10 cm) were scraped from the chromatoplate and extracted with methanol.
The extract was evaporated to dryness, the residue was dissolved in water, transfered into a polaro-
graphic cell and recorded the polarogram, using phosphate buffer pH about 7 as a supporting

electrolyte).

TasLE IT

Ej;, (in V) as a Function of pH of Isonicotinamide, N!-Isonicotinoyl-N?-monosubstituted Hy-
drazines and N'-Isonicotinoyl-disubstituted Hydrazines

N!-Isonicoti-

noyl-N2-
Buffer pH Isom(‘:(!tm- Isoniazid (B-methoxy- Niamid
amide carbonyl-
ethyl)
hydrazine N
Iw. Iw., Hw, Iw. IOIw. Iw. IIw
IM-H,SO, — —0-63 —0-50 —0-63 —0-43 —0-64 —0-42 —0-65
Acetate 475 —0-96 —0-81 —098 —0-79 —0-97 —0-75 —0-98
Phosphate 683 —115 —104 —1-15 —100 —1-16 —0-98 —1-16
Borate 920 —1:27 —1-26 —120 —1-29 —1-14 —1-27
Britton~Robinson 172 —0-73 —0-54 —0-74 —0-54 —0-74 —0-52 —0-75
Britton-Robinson 2:00 —0-75 —0-57 —0-76 —0-57 —0-77 —0-56 —0-81
Britton-Robinson 3-20 —0-83 —0-66 —0-84 —0-67 —0-86 —0-66 —0-87
Britton-Robinson 4-05 —0-93 —0-77 —0-94 —0-76 —0-94 —0-75 —0-96
Britton-Robinson 525 —1:03 —092 —1-08 —0-88 —1-05 —0-88 —1-06
Britton-Robinson 615 —111 —103 —119 —097 —1-14 —0:97 —1-15
Britton-Robinson 7-32 —1-18 —110 —1-23 —1-06 —1-20 —1-04 —1-23
Britton-Robinson 8-15 —1-23 —123 —111 —1-24 —1-10 —1-27
Britton-Robinson 9:92 —1-31 —131 —1-28 —121 —1-35
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RESULTS

Polarographic Behaviour

Polarographic behaviour of six N'-isonicotinoyl-disubstituted hydrazines has been
compared with the polarographic behaviour of isonicotinamide, Isoniazid, Niamid,
and N'-isonicotinoyl-N>-(B-methoxycarbonylethyl)hydrazine. In the whole investigat-
ed pH region the new compounds have the same number of cathodic waves as Iso-
niazid, Niamid and N'-isonicotinoyl-N?-(B-methoxycarbonylethyl}hydrazine (¢f. Fig.
16 — f*). Instrongly acid solution the first wave corresponds to a two-¢lectron reduc-
tion. With increasing pH the wave-height remains nearly constant as far as, in slightly
alkaline solution, for some compounds, it has been combined with the second wave.
The second wave of the investigated hydrazines and hydrazines used for comparing
are both alike, with respect to limiting currents and to half-wave potentials (Table I

TasLE IL
(Continued)

Iw., IIw., Iw. IIw. Iw. IIw. Iw. IIw Iw., IIw. Iw. IIw

—045 —064 —052 —0-64 —045 —0-64 —0-44 —0-65 —0-47 —0-66
—0-83 —097 —0-82 —0-97 —0-8t —0-98 —0-82 —0-99 —0-81 —0:97 —0-84 —0-99
-1-03 —1-16 ~—1:01 —1-15 —093 —1-08 —1-02 —1-16 -—1-01 —1-15 —1-02 —1-19

—124 —119 —1-29 —119 —1-28 —1-18 —1-28 —1-17 —1-27 —1-16 —1-29

~0-57 —073 —063 —0-75 —0-59 —0-74 —0-57 —0-75 —0-58 —075 —0-61 —0-78
—0-61 —0-78 —0-65 —0-78 —0-62 —0-76 —0-61 —0-78 —0-62 —0-78 —0-63 —0-81
-071 —0-87 —072 —0-85 —0-70 —0-86 —0-69 —0-85 —0:69 —0-87 —0-72 —0-89
-—0-80 —0-94 —0-81 —095 —078 —0-95 —079 —0:96 —077 —0:95 —0-82 —0:97
~093 —1-05 —0-90 —1-06 —0-89 —1-05 —093 —1-14 —092 —1-11 —0-92 —1:07
—-1-00 ~1-14 —097 —1-12 —099 —1-15 —102 —121 —-1-01 —1-19 —1:00 —1-14
—107 —120 -—1.05 —1-19 —1-05 —1-19 —1-08 —1-25 —1-06 —1-20 —1-06 —1-21
—114 —1-23 —112 —1-23 —1-11 —1-23 —1}1-14 —1-28 —1-10 —1:23 —1.08 —1-21

—1:29 —1:23 —1:32 —1-23 —1-31 —1-21 —1-30 —1-20 —1:30 —1-20 —1:32

* See insert facing p. 368.
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TasbLE IIL

The'AE, ;,/ApH Values of N'-Isonicotinoyl-N?-monosubstituted- and N'-Isonicotinoyl-di-sub-
stituted Hydrazines

pH 1-72 to 615 pH 615 to 992
Compound
I wave II wave I wave IT wave
Isoniazid —0-112 —0-102 —0-074 —0-032
Niamid —0-102 —0-090 —0-090 —0-053
N'-Isonicotinoyl-N2-
(B-methoxycarbonyl-
ethyl)hydrazine —0-097 —0-090 —0-082 —0-037
1 —0-097 —0:093 —0-077 —0-040
i —0-077 --0-083 —0-069 —0-053
biig —0-090 —0-093 —0-064 —0-042
1w —0-102 —0-104 —0-050 —0-024
Vv —0-097 —0-099 —0-050 —0-029
vI —0-088 —0-081 —0-053 —0-048

and Table II). In mineral acid solution this wave corresponds also to a two-electron
reduction, but with the increasing pH it grows to a height of a four-electron reduction
(between pH 4 and 5) and then decreases again with the increasing pH. The third
wave of N'-isonicotinoyl-N’-monosubstituted hydrazines and N'-isonicotinoyl-
disubstituted hydrazines appears at the same potentials as the second wave of iso-
nicotinamide (Fig. 1).

The A E, ,Z/ApH values of the hydrazines, for the first and the second cathodic
wave, from pH 1-72 to pH 6-15and from pH 6-15 to pH 9-92, are tabulated in Table IIL,

The correlation between the height of the mercury head and the wave-height as
well as the computed temperature coefficients?? (cf. Table 1V) point to the fact
that the first and the second cathodic wave of N'-isonicotinoyl-N2-monosubsti-
tuted- and N'-isonicotinoyl-disubstituted hydrazines and the first wave of isonicotin-
amide are diffusion-controlled over the investigated pH region.

1t has been found for all N*-isonicotinoyl-N*-monosubstituted- and N*-isonicoti-
noyl-disubstituted hydrazines* that over the range 1. 107* to 2. 107 >M the heights
of the first and the second cathodic wave are a linear function of depolarizer concen-
tration. Consequently, they can be utilized in polarographical analysis, in fact,
at any desirable pH value. But for the determination it is better the use of the first

» Ounly for compound VI there is a linear function from 1.10™% to 1.1073m (because
of its slight solubility even in dimethylformamide).
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TABLE IV

Temperature Coefficients (%) for the First and the Second Cathodic Wave of the Above Mentioned
Compounds (Computed for the temperature range from 25° to 55°C Britton-Robinson universal
buffer)

pH 425 pH 632 pH 8:36
Compound
I wave II wave Iwave II wave Iwave Il wave

Isonicotinamide 1-21 1-33 1-55
Isoniazid 1-81 1-62 1-29 1-57 1-55¢
Niamid 1-67 1-55 1-60 1-41 2:27 1-22
N'-Isonicotinoyl-N2-

(B-methoxycarbonyl-

ethyl)hydrazine 1-39 119 1-14 1-44 1-34¢
1 1-65 1-58 1-43 1-31 1-46°
n 1-35 134 1-18 127 1-73 1-19
onr 1-4t 131 1-23 127 1-57 1-28
w 1-54 1-34 172 2-07 1-28 1-22
14 1-18 1-35 1-34 1-54 1-26 1-35
Vi 1-57 1-59 162 1-60 1-98 2:13

“ First and second wave together.

cathodic wave (its height stay nearly constant with the changing of pH values),
especially when the concentration has to be calculated from a calibration curve.

The diffusion coefficients D, have been computed from the height of the first
cathodic wave under the assumption of two electrons, and making use of the un-
corrected Ilkovié equation. The values obtained are given in Table V. They are
in accordance with the size and the shapes of the molecules and may be compared
with the values of D for various heterocyclic depolarizers®® calculated in the same
manner.

Besides, three cathodic waves have been found for all investigated compounds,
in alkaline solution. Isoniazid® '8, Niamid and N*-isonicotinoyl-N?-(B-methoxycarbo-
nylethyl)hydrazine have been found to give a four-electron anodic wave (Fig. 1b, 1c,
1d). In the same medium compound II gives an eight-clectron anodic wave (Fig. le).
In general, the mechanism of electrode reaction for this kind of anodic waves
is not known till now!®,

For all four compounds, there is a linear dependence between wave-heights and
concentrations of depolarizer, over the range from 1.107%to 1.1073m. As in an al-
kaline medium N!-isonicotinoyl:N?monosubstituted hydrazines give an anodic
wave, in contrast to N'-isonicotinoyl-disubstituted hydrazines,* according to de-

*

The exception is compound /I which has —CONHNH, groups.
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creasing of this wave, it is possible to follow the chemical reaction from N-isonicoti-
noyl-N2-monosubstituted- to N'-isonicotinoyl-disubstituted hydrazine, directly from
the reaction mixture.

TaABLE V

Diffusion Coefficients D of N*-Isonicotinoyl-N?-monosubstituted- and N*-Isonicotinoyl-disub-
stituted Hydrazines (D, cm? s™*, Britton-R obinson universal buffer)

Compound pH 425 pH 632 pH 8:36

Isoniazid 626,106 691.107° —
Niamid 419.107° 4-04, 1076 379.1076
Nl-IsonicolinoyI-Nz-(B-me[hoxy-

carbonylethyl)hydrazine 5-40,107° 686.107° —
1 479.107° 425.107° —
i 3-40, 1076 3-32.107¢ 3-57.107¢
m 4:00,107° 364,107° 3-79.107°
w 3.06.107° 323.107° 2:88.107°
v 317,107 3-32.10~6 3-30.107°
VI 3-28,107° 3-14.107° 2:59,107°

DISCUSSION -

N!-Isonicotinoyl-disubstituted hydrazines have been prepared by three different
ways. The first two ways were probably based on the labile bonds of both hydrogen
atoms on the N?, behaving differently from the hydrogen atom on the N' (ref.2*)
which pointed to structure 4. '

The other prooves to confirm structure 4 have been: 1. The polarographic behaviour
of Nl-isonicotinoyl-disubstituted hydrazines. 2. Isonicotinamide — which has been
identified after controlled-potential electrolysis on the first cathodic wave of com-
cound III (compound III is the starting compound for other N'-isonicotinoyl-di-
substituted hydrazines).

1. In strongly acid solution the first cathodic wave proceeds according to Scheme 1.
As the result of this reduction, a compound with structure 4 would yield isonicotin-
amide and a compound with structure B would yield an N-substituted isonicotin-
amide with a larger substituent in the amide group. For isonicotinamide or amides
with small substituents in the amide group, in this solution, a two-electron wave
is characteristic, whereas amides with larger substituents in the amide group give
a four-electron wave>. As in strongly acid solution the new compounds gave two

Collection Czechoslov. Chem. Commun. /Vol. 36/ (1971}
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two-electron waves, it has been concluded that they must have structure 4. Structure
A was also confirmed by the following: The limiting current of the second wave
of the new compounds depends on the pH in the same way as does the limiting current
of the first wave of isonicotinamide. The half-wave potentials of the second wave
of the new compounds are found at the same potentials as the first wave of isonicotin-
amide. The third wave of N'-isonicotinoyl-disubstituted hydrazines appears at the
same place and has the same nature as the second wave of isonicotinamide, and it is
probably by catalytic evolution of hydrogen, due to isonicotinamide, which has
been formed after the first two-electron reduction.

2. In strongly acid solution isonicotinamide has been formed by controlled-poten-
tial electrolysis on the first cathodic wave. Isonicotinamide has been proved chromato-
graphically and chromatopolarographically.

We have concluded in accordance with the above mentioned results that N'-iso-
nicotinoyl-disubstituted hydrazines have structure A4, and they could be designated
as Nl-isonicotinoyl-N2-disubstituted hydrazines.
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