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(3.5-Dichhn'o-2-pyrid3'Ohyth'azine was synthesized hv the interaction q/" 2,3.5-trichlorop.vridine with 
hvdrazine hv~h'ate Reaction ~t/" the ./'otwwr with carhonvl compounds gave N-(3,5-dichloro-2- 
pyridyl)hy~h'azones, and with acid anhydrides N'-acvl derivatives were [ormed. Azodyestuff.'~" containing 
3, 5-dichhn'ot~yridyl fivgments were ohtained fi'om some ~?/the hydrazones O,nthesized. 
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The development of preparative methods for the synthesis of  2,3,5-trichloropyridine (1) by the 
intramolecular cyclization of  6-oxonitriles [2,3] led to thc fact that the compound became an accessible reagent for 
obtaining various derivatives of  chlorine-substituted pyridines. 

It is known that the 3,5-dichloropyridyl group is frequently introduced into the structure of organic 
compounds displaying high biological activity, which at the same time have low toxicity [4]. With the aim of  
developing 3,5-dichloropyridinc derivatives capable fbr further conversion and enabling the introduction of  a 
3,5-dichloropyridyl residue into complex molecular structures, we have synthesized (3,5-dichloro-2- 
pyridyl)hydrazinc (2) and have studied some of  its conversions. 

Inlbn~aation on the preparation and properties of  hydrazine 2 is extremely limited. According to patent data 
[5,6] it may be synthesized in up to 70% yield by hydrazinolysis of  pyridine 1 in dioxane. As concerning the 
chemical conversions of hydrazine 2 there is only patent inlbnnation on its transformation to pyrazole derivatives 
recommended as herbicides [5-9]. 

We have established that 2,3,5-trichloropyridine I is less reactive than pentachloropyridine or tetrachloro- 
nicotinonitrile when reacting with hydrazine hydrate [10]. Boiling pyridine 1 with an excess of hydrazinc hydrate 
in methanol tbr 70 h did not lead to the lon'nation of  the target compound. On heating (80-120~ pyridine 1 with 
an excess of hydrazine hydrate in the presence of  KOH in DMSO lbr 4-5 h, the yield of hydrazine 2 did not exceed 
10-15"/o. In boiling DMSO extensive resinification of  the reaction mixture occurred, from which only N,N'-bis(3,5- 
dichloro-2-pyridyl)hydrazine (3) (yield 26-28%) and 3,5-dichloropyridine (4) (yield 15-18%) were isolated and 
identified. 

The N,N'-disubstituted hydrazine 3 was obtained in 75% yield by the interaction of hydrazine 2 with 
chloro derivative 1 in pyridine. A yield of 90-96% hydrazine 2 was achieved on boiling trichloropyridine I with 
hydrazinc hydrate (molar ratio of 2 to N2H4 : H~O was 1 : 4) for4 h without solvent. 

* For Part 6 scc [I ]. 
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In the case of  hydrazine 2 it is possible to generate an intramolecular hydrogen bond bctween the NH2 
group o f  the hydrazine fragment and the electronegative nitrogen atom of  the pyridine ring (structure 2b) or the 
chlorine atom in position 3 (structure 2c). 
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Quantum chemical calculations (Table 1) wcrc carried out by the scmiempirical SCF MO LCAO method 
in the PM 3 valence approach [11,12] with full optimization of geometric parameters by the MOPAC program. 
These data showed that structures 2b and 2c arc stable systems with intramolecular hydrogen bonds at the nitrogen 
and chlorine atoms respectively.* Structure 2a models the transition state tbr the internal rotation of  the NH_~-NH 
~ o u p  about the C-N bond. It lbllows from the results of  the calculations that structures 2b and 2e are energetically 
thirly c lose  to one another but structure 2b, in which a hydrogen bond is lbrmed at the nitrogen atom of  the 

TABLE 1. Enthalpies of  Formation AH, kJ/molc, Energies of  the Highest 
Occupied (HOMO) and Lowest Unoccupied (LUMO) Molecular Orbitals, 
eV, and Charges on the Heavy Atoms Calculated by the PM 3 Method* 
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* The numbering o f  atoms corresponds to that given in the scheme lbr 
structures 2a-c. 

*Calculations were carried out by I. A. Abronin. 
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pyridine ring is 6.99 U/mole  energetically more favorable. The rotational barrier (the difference in the enthalpies 
o f  formation lbr structures 2a and 2b) is relatively small and amounts to 42.5 kcal/mole. All this points to the 
conclusion that when analyzing the rcactivitics o f  these compounds it is necessary to consider the possibility o f  the 
presence of  these structures in solution. From the data obtained on the electron density distribution (Table 1) it 
lbllows that the greatest difference between these structures is in the charges on the nitrogen atoms o f  the 
hydrazinc fragment. When tbrming an intramolccular hydrogen bond with thc chlorinc atom thc nucleophilic 
reactivity of  the terminal nitrogen atom of  the hydrazinc fragment must increase. The data characterizing the 
energy of  the LUMO tbr structures 2b and 2e must lead to an analogous conclusion. 

N-(3,5-Dichloro-2-pyridyl)hydrazoncs 5a-t or thc naphthoquinoniminc (5u) are tbrmcd on boiling 
cquimolar quantities o f  hydrazinc 2 and the appropriate aldehyde, ketone, or 1,2-naphthoquinonc in ethanol or 
1-propanol. The reaction time and yield of  the desired hydrazone depcnds on the nature and reactivity o f  the initial 
carbonyl compound. For example, hydrazones 5a-j,m,n,u arc formed in 68-98% yield after boiling hydrazine 2 
with mono- and disubstituted bcnzaldchydcs, acetophenone, 3-chloroacetophcnonc, and 1,2-naphthoquinone in 
ethanol or 1-propanol tbr 15-45 rain. On introducing into the reaction 3,5-di- tert-butyl-4-hydroxybcnzaldehyde,  in 
which the rcactivity o f  the carbonyl group is significantly rcduccd due to conjugation with the hydroxy group and 
the shielding influence o f  the two tert-butyl groups [13], hydrazonc 5k was obtained in 75% yield after boiling the 
reactants in l-propanol lbr 3.5 h. The hydrazoncs ofkctones 51,o-t were formed in good yield (Table 2) on boiling 
the reactants in the solvent for 2-18 h. 

The acylation o f  hydrazine 2 with acid anhydridcs (molar ratio 1 : 1) in chlorolbnn at 0-5~ leads in 
75-80% yield to the N'-acyl derivatives 6a,b. The N-substituted monohydrazide 7 was synthesized under analogous 
conditions from 3-methylglutaric acid anhydride. 
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5a-k R I = H. a R = 2-HOC,H4, b R = 4-HOC~1-14, c R = 4-MeOC~,H4, d R = 4-Me_~NC~,H~, 
e R = 4-O2NC~,H4, f R = 4-HOOCC~,Ha, g R = 4-HO-3-MeOC~,H3, h R = 2-HO-5-MeOC~ H~, 

i R = 3-HO-4-O_~NC~,H3, j R = 2-HO-5-O_,NC~,H3, k R = 4-HO-3,5-(t-Bu)2C,,H2; 51-q R l = Me, 
I R = O,clo-C3H5, m R = Ph, n R = 3-CIC~,H4, o R = 3-H_,NC~H4, p R = 4-H_,NC6I-t4, 

q R = 4-HO-2-MeC~,H3; 5r R = 4-CIC~,H4, R ~ = Et: 5s R = Ph, R ~ = 4-O2NC6H4, 
5t R+R ~ = 2-adamantylidene; 5u R+R I = 1-oxo-l,2-dihydro-2-naphthylidenc; 6a R 2 = Me, b R 2 = Et 

There were intense absorption bands in the IR spectra o f  hydrazones 5a-u (Table 2) at 1625-1640 cm -~ 
characteristic o f  a C=N bond and also bands assigned to other structural elements. A broad band was observed in 
the IR spectra o f  compounds 5a,h,j (0.05 M in acetonitrile) fbr the stretching vibrations of  the OH group at 
3350-3340 cmr. The position o f  the bands was unchanged on diluting the solution, which indicates the presence in 
these compounds o f  a strong intramolecular hydrogen bond. 
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It is evident that hydrazonc 5u exists in solution as an equilibrium mixture of  the hydrazone ~ azoenol 
type isomers ( 1,5-prototropic isomerism). In the azo-cnol tbrm 5u" the carbonyl component acquires an aromatic 
character, which increases the probability of  5u hydrazonc existing in this tbrm stabilized by an intrarnolccular 
hydrogen bond. 

.H H 
t 

(~ N N d ""N N 

511'  5" 

The red color of cornpound 5u is indirect confirmation of the azo-tbrm existence. A broad absorption band 
is present at 3390 cm ~ in the IR spectrum of compound 5u taken in a KBr disk, and is assigned to OH and NH 
groups, its position is practically unchanged (3420 cm -t) in the spectrum taken tbr a 5% solution in CHCI~ and also 
on diluting the solution 5 or 10 times. There are also absorption bands in the spectrum at 1605 ( -N=N-) ,  1635 
( -C=N - in hydrazones), and 1670 cm -~ (C=O in cyclic c~,~-unsaturated systems). In the ~H NMR spectrum there 
were signals corresponding to the presence of the isomeric t'ornas indicated. A broadened singlet at 8.38 pprn was 
assigned by us to the NH group and the fairly narrow singlct at 10.52 ppm to the hydroxyl group located in a 
quasi-aromatic chelate ring. The tH NMR spectra (CDCh) taken at various temperatures show the change in the 
ratio of  the 5u' and 5u" forms. A solution of  compound 5u at -12~ contains 76, at 0~ 72.5, at 10~ 70, at 25~ 
64.5, and at 45~ 58% of Su' isomer. When determining thc melting point (Boctjus stage, heating rate 2.5 ~ it 

was established that above 105-107~ the color of the compound begins to change frorn dark red --+ red-violet ---~'" 

greenish violet --~ red - ' ,  dark brown, which indicates the passage of some chemical changes. 
The structure analysis for the compounds synthesized shows that some of  them (such as 5b,g,k,q) are of  

interest for testing as antioxidants. The hydrazones 5a,b,d,g,h,m,p,q contain hydroxyl and amino groups in the 
aryl fragment which enable their use as azo and diazo components in the synthesis of dyestuffs. Hydrazoncs 
5e,f,i,j,l,s contain functional groups capable of further transformation. 

It seemed of interest tbr us to study the reaction of diazonium salts with the hydrazoncs of  substituted 
bcnzaldehydes and acctophenones 5a,b,d,g,h,m,p,q containing hydroxyl, methoxyl, or dimethylamino groups, 
since such reactions have not been studied previously, it is known [14] that the introduction of a chloropyridyl 
residue into the molcculc of  a dye increases its pertbnnance properties (in particular, light-fastness of  pigments). 
Diazonium salts obtained from aniline, p-aminobenzoic, sulfanilic, and p-aminobcnzoyI-H-acids were used as 
diazo components. The azo coupling reactions werc carried out by the standard procedure and gave the 
corresponding azo compounds 8a-j in high yield (see Table 3). 

The synthesized azo compounds 8a-j did not have clear melting points and decomposed at 150-260~ 
Introduction of thc 3,5-dichloropyridyl fragment into the azo compound molecule causes a bathochromic shift of  
the absorption bands in the UV spectra and the appearance of new long wave bands, together with an increase in 
the intensity of  all the absorption bands. 

Since azo coupling may occur not only at the aromatic nucleus but also at the - N = C H -  bond of the 
hydrazinc fragment, the ~H NMR spectrum of  compound 8d was recorded. The presence in the spectrum of a 
singlet at 7.68 ppm, assigned to the resonance of the -N=CH - group proton enabled the conclusion that the 
coupling reaction occurs in the ring containing activating groups [-OH, -N(CH3)_~]. 
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Dyestuffs 8b-] color protein (wool) and polyamide (capron) fiber under standard acid dyeing conditions 
(shades from yellow-brown to claret), and also dye with subsequent chromizing (wool). A deepening of the color 
of  samples was observed on chromizing. Compounds 8a-c color polyamide (capron) of  a dispersed type (color is 
claret and terra cotta). In addition we have established that azo compounds 8g-j may also be used tbr cellulose 
fiber (cotton) under direct dyeing conditions (shades in the red ranges). 

The introduction into the molecule of  the azo dye of a dichloropyridyI fragment confers on the compound 
biocidal (particularly fungicidal) activity [15], consequently all the dyes obtained and also the samples of  tissue 
dyed with them were submitted to the Research Institute for Restoration fbr testing. Testing was carried out on the 
five molds most frequently harmful to textile materials. It was established that all the compounds displayed 
fungicidal properties (suppressed the spore-carrying of  mycelia). The extent of  the suppression depends both on 
the structure of  the dye used and on the type of  fiber and method of dyeing and varied for different samples within 
the limits 30-50%. 

We noted that suppression of spore-carrying is the first indication of the mutagenicity of the substances 
applied. However no damage was established on investigating the DNA of the molds, which to a first 
approximation enables a conclusion to be drawn on some mechanism of action of the compounds studied. 

E X P E R I M E N T A L  

The IR spectra were recorded on Pcrkin-Elmer 983 and Perkin-Ehncr 993 instruments in KBr disks, in 
Nujol, in thin fihns, or in solution in acetonitrile or chlorotbrm. The ~H NMR spectra were recorded on Bruker 
WP 250 and WM 360 spectrometers for 10-15% solutions at 22-24~ internal standard was TMS. The UV spectra 
were obtained on a Uvidec 610 instrument in water and ethanol, layer thickness was 0.5-1.0 cm. A check on the 
progress of reactions and the purity of  the compounds obtained was effected by TLC on Brockmann activity grade 
111 AI_,O~ in the solvent system benzene-acetone 15 : 1, on Silufol UV 254 plates in benzene o r  chloroform, and 
also on plates with a bound layer of Merck LU 074 AI~O~. Visualization was with iodine vapor. Paper 
chromatography on Filtrak 20 paper was used for compounds 8b-j, eluent was water-ethanoI-NH~OH I : I : l. 
Preparative high per~brmancc liquid chromatography was carried out on a Waters model 590 instrument, fitted 
with a Gilson model 116 UV detector with sensitivity range 0.1 and with stainless steel columns (1 t00 • 4.6 ram), 
packed with Lichrosorb RP-18 (5-10 ia) or Silasorb C~s (10 p). Mobile phases were the solvent systems heptane- 
chlorofoml-methanol 70 : 20 : 10, benzene-chlorofonn-methanol 80 : 15: 5, ethyl acetate-hcxane from 50 : 50 to 
85 : 15, benzene-methanol from 95 : 5 to 75 : 25, flow rate was 1.2 ml/min, wavelength 255 nm. Melting points 
were determined with a Boetius PHMK-05 microinstrument, heating rate was 2-4~ 

(3,5-Dichloro-2-pyridyl)hydrazine (2). A mixture of  2,3,5-trichloropyridine I (2.45 g, 13.4 retool), 30% 
N2H4"HzO (2.6 ml, 46.9 mmol), and 1-propanol (1 ml) was boiled with stirring for 4 h. The reaction mixture was 
cooled to 20~ and an aqueous solution of  NaOH (0.53 g, 13.4 mmol) in H_,O (10 ml) was added with stirring and 
the mixture was stirred tbr 20 min. The resulting white crystals were filtered off, washed with water, dried at 80~ 
and crystallized from ethanol. Yield 90%; mp 180-182~ After additional purification by HPLC mp 185-186.5~ 
(179-182~ [5], 172-174~ [6]). ~H NMR spectrum (DMSO-d~,),/5, ppm, J (Hz): 6.38 (IH, br. s, NH); 6.58 (2H, 
br. s, NH_,); 7.38 ( IH,  d, J4~, = 2.3, 4-H pyridine); 7.88 (1H, d, 6-H pyridine). Found, %: C 33.81; H 2.85; N 23.57. 
CsHsCI2N3. Calculated, %: C 33.73: H 2.83; N 23.60. 

N,N'-Bis(3,5-dichloro-2-pyridyl)hydrazine (3). A mixture of  hydrazine 2 (4.45 g, 25.0 nunol), pyridine I 
(5.019 g, 27.5 mrnol), and pyridine (20 ml) was boiled for 12 h. The reaction mixture was poured into cold water 
(30 ml), and extracted with benzene. The benzene extract was evaporated in vacuum. The residue was purified by 
HPLC. Yield 75%: mp 105-106~ ~H NMR spectrum (DMSO-d,,), 6, ppm, J (Hz): 6.48-6.52 (2H, m, 2NH); 7.29 
( 1 H, d, .14,, = 2.2, 4-H pyridine); 7.94 ( 1H, d, J46 = 2.2, 6-H pyridine); 7.37 ( 1 H, J4~, = 2.6, 4-H pyridine): 8.08 ( 1 H, d, 
J4~, = 2.6, 6-H pyridine). Found, %: C 36.52; H 2.08: N 15.02. C,~H,,CI4N4. Calculated, %: C 36.38; H 1.82: N 15.15. 

N-(3,5-Diehloro-2-pyridyl)hydrazones 5a-u (General Procedure), A mixture of pyridylhydrazine 2 
(5.0 retool), the appropriate aldehyde or ketone (5.25 mmol), in solvent (10 ml) (ethanol or l-propanol) was boiled 
until disappearance of  the initial hydrazine 2 from the reaction mixture (check with TLC, 15-45 min when 
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obtaining 5a-j,m,n,u, 3.5 h when obtaining 5k, 2-18 h when obtaining 51,o-t). After cooling the reaction mixture 
the precipitate was filtered off, dried, and recrystallized from a suitable solvent or purified by HPLC. 

Acylation of (3,5-Dichloro-2-pyridyl)hydrazine 6a,b, 7 (General Procedure). A mixture of 
pyridylhydrazine 2 (5.0 rrunol), mono- or dicarboxylic anhydride (5.0 mmoi), and chloroform ( I 0 ml) was stirred for 
5-10 min. The solvent was evaporated, the residue treated with aqueous NaHCO~ solution (5.0 mmol in 10 ml water), 
filtered off, washed with distilled water, dried over P20~, and recrystallized from a suitable solvent, or purified by 
HPLC. 

Acetic Acid (3,5-Dichloro-2-pyridyl)hydrazide (6a). Yield 80%; mp 116-118~ (heptane-chloroform). 
IH NMR spectrum (DMSO-dr 6, ppm, J (Hz): 2.89 (3H, s, Me); 5.38 (1 H, br. s, NH); 7.12 (IH, s, 4-H pyridine): 
7.45 (1H, s, 6-H pyridine); 7.84 (IH, s, NHCO). Found, %: C 38.15: H 3.27; N 18.99. C7H7CI2N30. Calculated, %: 
C 38.21; H 3.21; N 19.10. 

Propionie Acid (3,5-Dichloro-2-pyridyl)hydrazide (6b) was synthesized analogously. Yield 75%; 
mp 115-116~ (hexane-benzene). ~H NMR spectrum (DMSO-dr 6, ppm, d (Hz): 1.18 (3H, t, Me); 1.98 (2H, q, 
CH_,); 5.68 (IH, br. s, NH); 7.04 (IH, s, 4-H pyridine); 7.28 (IH, s, 6-H pyridine); 7.92 (IH, s, NHCO). Found, %: 
C 40.97; H 3.90; N 18.01. C~H,~CI~N30. Calculated, %: C 4t.05; H 3.88; N 17.95. 

3-Methylglutaric Acid (3,5-Dichloro-2-pyridyl)-hydrazide (7) was synthesized analogously. Yield 83%; 
mp 128-129.5~ (HPLC). IR spectrum (KBr), v, cm-~: 3350 (broad band, NH), 3255 (NH), 2750-2765 (group of  
bands, dimerized OH), 1725 (C=O in COOH group), 1680 (C=O in CONH group, amide I band), 1575 
(deformation vibrations of  NH group, amide II band), tH NMR spectrum (DMSO-d~,), 6, ppm, d (Hz): I. 14 (3H, d, 
Me); 1.64-1.81 (IH, m, CH); 2.20 (2H, unsymm, d, CH_,); 2.38 (2H, unsymm, d, CH_~); 5.02 (1H, br. s, NH): 7.67 
(IH, d, J46 = 2.8, 4-H pyridine); 7.88 (IH, d, J4~, = 2.8, 6-H pyridine); 9.38 (1H, br. s, CONH); 11.30 (IH, br. s, 
COOH). Found, %: C 43.04: H 4.16; N 13.56. C~tH~3CI_,N~O~. Calculated, %: C 43.14; H 4.25; N 13.73. 

General Procedure for Synthesis of Azocompounds 8a-j. Diazonium salt (as a solution or suspension) 
prepared from aniline (4.0 retool) (when obtaining 8a), p-aminobenzoic (8b-e), sulthnilic (8d-f), or 
p-aminobenzoyl-H-acid (8g-j) and NaNOz (4.0 mmol) was added with stirring to a solution of  hydrazone 5a (or 
5b,g,h,m,p,q respectively) t4.0 mmol) in 1 : I cthanol-watcr (30 ml) with the addition of  alkali (when obtaining 
8a,c-e,g-j) or 5d in 1 : 1 acetic acid-ethanol (30 ml) (whcn obtaining 8b,f) at 3-5~ tbllowing the reaction 
temperature and its pH (pH 7.5-8.5 lbr 8a,c-e,g-j; pH 4.0-5.5 tbr 8b,f). The mixture was stirred until the end of the 
reaction of  the azocompound at 3-5~ (negative test for discharge with R salt), the reaction mixture was heatcd to 
60-80~ and neutralized to pH 7.0 with sodium carbonate solution or with 30% acetic acid solution. The 
precipitated dyestuff was filtered off; washed with several small volumc portions of  distilled water, dried, and 
azocompounds 8a-j were obtained (Table 3). 

Azocompound 8e was purified by HPLC, yield 76%; mp >220~ (decomp.). JH NMR spectrum 
(DMSO-d~,), 6, ppm, d (Hz): 5.64 ( 1 H, br. s, OH); 6.84-7.18 (7H, m, H arom); 7.68 ( 1 H, s, CH=N); 7.90-7.98 (2H, 
m, 4-H and 6-H pyridine); 9.18 (IH, br. s, NH); 11.38 (IH, br. s, SO3H). 
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