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Abstract
3-Substituted-5-(4-pyridylcarboxamide)tetrahydro-2H-[1,3,5]thiadizine-2-thione

derivatives (1-9) were synthesized as derivatives of isoniazid (INH) to overcome the
resistance developed with its therapeutic use. The structures were confirmed by their
spectral and elemental analyses data. These derivatives revealed higher lipophilicity
compared with INH. The antimycobacterial activity of the synthesized compounds and INH
was evaluated in vitro against Mycobacterium tuberculosis Hs7R, at 6.25ug/ml in BACTEC
12B medium using the BACTEC 460 radiometric system. The derivatives exhibited
antitubercular activity.
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Introduction

Tuberculosis is considered by the WHO, to be the most important chronic
communicable disease in the world [1]. The emergence of AIDS, decline of socioeconomic
standards and a reduced emphasis on tuberculosis control programs contribute to the
disease’s resurgence in industrialized countries [2]). Resistance of Mycobacterium
tuberculosis strains to antimycobacterial agents is an increasing problem worldwide [3-5].
On the other hand, in spite of toxicity on repeated dosing isoniazid (INH) is still considered
to be a first line drug for chemotherapy of tuberculosis [6]. Recently it was suggested that
the mechanism of resistance to INH is related to a failure of the drug to penetrate or to be
taken up by the microorganisms [7]. Fortunately, pharmacokinetic properties and cellular
permeability of a drug can be modulated by derivatization to bioreversible forms of this
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drug, namely prodrugs [8]. Moreover, resistance development to a drug can be also
obviated through prodrug approach [9, 10].

Tetrahydro-2H-[1,3,5]thiadiazine-2-thione derivatives were found to insinuate the
criterion of the prodrug approach that impart the desirable physicochemical properties to
attached drugs, and liberate the parent drugs through chemical or enzymatic degradation
[11-13]. Accordingly the current work describes the incorporation of INH in a tetrahydro-2H-
[1, 3, 5]thiadiazine-2-thione moiety (THTT).

Investigation and Resuits

The prodrugs 1-9 were synthesized in a two-step reaction (Scheme). In the first step
of the reaction dithiocarbamic acid salts 1b-9b were formed by reaction of primary amines
1a-9a with carbon disulphide and potassium hydroxide. However the second step of the
reaction involved addition of formaline to the previously formed 1b-8b to afford compounds
1¢c-9c¢ (in situ). This was followed by progressive addition of INH solution in ethanolic
phosphate buffer (pH 7.8) to provide the designed derivatives 1-9. Structures of these
synthesized compounds were verified on the basis of spectral and elemental methods of
analyses.

The most differentiating stretching bands in IR spectra of the prodrugs 1-9 are:
stretching absorption for the amidic NH at the range of 3340- 3400 cm™, aliphatic C-H
stretching around 2855- 3011 cm™, aromatic C-H stretching around 3060- 3120 cm™,
amidic C=0 stretching at 1660-1676 cm', pyridine C=N stretching at 1485-1496 cm™ and
C-S stretching around 1163- 1249 cm™. With the exception of the N°- substituents of the
THTT moiety, the 'H NMR resonance of the remaining sites of the protons of the
synthesized derivatives is almost superimposable. The 'H NMR spectrum of the prodrug 1
revealed the presence of signals at 4.77 (bs, 4H, 4-CH,, 6-CH), 7.7-8.9 (m, 8H, Ar C-H)
and 10.5 (s, 1H, CONH, D,O exchangeable) and the prodrug 3 showed signals at 3.25 (s,
3H, CHs), 4.75 (bs, 4H, 4-CH,, 6-CH), 7.75-8.82 (m, 7H, Ar C-H) and 10.75 (s, 1H, CONH,
D,O exchangeable). Lipophilicity of the synthesized derivatives 1-9 and the parent
compound, INH, is expressed in terms of their log P values. These values were computed
with a routine method called Calculated log P (C log P) using Alchemy software.
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Scheme. Synthetic protocol of the compounds
The synthesized prodrugs 1-9 were tested for their antimycobacterial activity in vitro against
Mycobacterium tuberculosis Hs;R, using the BACTEC 460 radiometric system. The results

are summarized in Table 1.

Discussion

Rapid glance to the obtained results revealed that the prodrugs 1-9 exhibited
antimycobacterial activity. The lipophilicity of the synthesized prodrugs increased
remarkably compared with the parent drug, INH. This may render them more capable of
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penetrating various biomembranes [14], consequently improving their permeation
properties through mycobacterial cell membranes. The results showed that there was no
improvement in antitubercular activity compared to the parent drug. Among the newer
derivatives, compounds 7 and 8 showed a percentage activity of 85. It is conceivable that
these derivatives showing antimycobacterial activity can be further modified to exhibit better
potency than the standard drugs. These results need to be refined in terms of degradation
kinetic measurements and stability studies of the synthesized derivatives.
Experimental
Synthesis of compounds

Melting points were determined on an electro thermal melting point apparatus (Buchi
BM530) in open capillary tubes and are uncorrected. IR spectra (KBr disc) were recorded
on Jasco IR Report 100 spectrometer. '"H NMR spectra were scanned on a JEOL FX 90Q
(Fourier Transform) NMR spectrometer using DMSO-ds as solvent. Chemical shifts are
expressed in & (ppm) relative to TMS as an internal standard. Elemental analyses (C, H, N
and S) were performed on Perkin-Elmer model 240c analyzer.
Synthesis of 3-substituted-5-(4-pyridylcarboxamido) tetrahydro-2H-[1, 3, 5]
thiadiazine -2- thione derivatives 1-9: General method
Carbon disulphide (60mmol) was added portion wise to a stirred mixture of the appropriate

pyridyl or pyrimidinyl or tetrazolylamine 1a-9a (10mmol) and potassium hydroxide (20%,
10mmol) in alcohol: water (2:1) water, stirring was continued at ambient temperature for 6h.
Formaldehyde solution (35%, 22mmol) was added for the mixture and stirring was
continued for further 2h. To the resulting clear solution, a solution of INH (10mmol) in a
mixture of phosphate buffer (pH 7.8, 5ml) and ethanol (10ml) was added portion wise
during 15min. After stirring for 6h at ambient temperature, dilute hydrochloric acid (5%, 5ml)
was added and stirring was continued for further 1hr. The formed precipitate was collected
by filtration, washed with methanol and dried. The crude product was crystallized from
chloroform/methanol (1:1) to afford compounds 1-9. Yields, m.p.s and physical data are

given in Table 1.
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Table 1. Physical constants and antimycobacterial activity of the synthesized compounds

Compound M.P. Yield Molecular Scilog  Percentage inhibition® against
(°C) (%) Formula® PP Mycobacterium tuberculosis
H37 Rv

1 154 62 C14H13Ns08S, 1.694 82

2 164 42 CisHis NsOS,  1.708 86

3 140 66 CisHis NsOS,  1.780 83

4 145 67 CisHis NsOS,  1.619 83

5 147 65 C1H13Ns02S2  1.003 84

6 170 45 CisH13Ns03S2  0.513 82

7 150 63 C1s5H14NeO2S2  1.150 85

8 151 49 Ci13H12NsOS, 1.507 85

9 155 47 C1oH10NgOS2  2.076 79
INH - - - 0.702 95
Rifampin - - - - 98

2 Elemental analyses for C, H, N, S are within + 0.5% of the theoretical values
b SciLog P was calculated using Alchemy 2000 software.
¢ Compounds were tested at a single concentration of 6.25 ug/mi

In vitro antimycobacterial screening

The synthesized prodrugs 1-9 were tested for their antimycobacterial activity in vitro
against Mycobacterium tuberculosis HR, using the BACTEC 460 radiometric system [15,
16]. Stock solutions of test compounds were prepared in DMSO at 1mg/ml and sterilized by
passage through 0.22mm PFTE fiters (Millex- FG, Millipore, Bedford, MA). Controls
received 50 ml DMSO. Rifampin (Sigma Chemical Co, St.Louis, MO) was included as a
positive drug control. Mycobacterium tuberculosis HyzR, (ATCC 27294; American Type
Culture Collection, Rockville, MD) was cultured at 37°c on a rotary shaker in Middle brook
7H9 broth (Difco Laboratories, Detroit MI) supplemented with 0.2%v/v glycerol and 0.5%v/v
Tween 80 until the culture turbidity achieved an optical density 0.45- 0.55 at 550 nm.
Assays were usually completed in 5-8 days and percent inhibition was measured as (1- Gl
of test sample/ Gl of control) x 100 where Gl represents growth index.
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