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A synthesis of (1-phenyltetrazol-5-ylthio)acetic acid derivatives has been developed. Functional
variations concern the carboxylic group and/or the 4 position of phenyl group. Most of the
compounds prepared have been tested with regard to their antimycobacterial activity but the
activities found are medium or low ones. However, (l-phenyltetrazol-5-ylthio)acetic acid is
better than the antituberculotic isoniazid in the activity to Mycobacterium avium.

In one of our earlier papers' we looked for structural prerequisites for antituber-
culotic activity of tetrazole derivatives. This group of compounds was selected with
respect to the fact that most of the antituberculotics currently used exhibit a low
lipophilicity. Thus e.g. the values of logarithm of partition coefficient in the system
of octanol—water are2 —114 for isoniazid (i.e. isonicotinic acid hydrazide), 10 for
ethionamid (i.e. 2-ethyl-thioisonicotinamide) and 05 for PAS (i.e. 4-amino-2-hydroxy-
benzoic acid). Streptomycin can also be considered a hydrophilic compound. The
low lipophilicity values are obviously connected with the required pharmacokinetic
properties of the compounds, viz, probably with distributions among organs (the
lungs). A number of lipophilic compounds with high antimycobacterial activity
in vitro are quite inefficient when tested in vivo. The four water-solvatable nitrogen
atoms of the parent tetrazole ring could — in our opinion — impart the activity
both in vitro and in vivo to the tetrazole derivatives.

In our first study' we found that the tetrazole derivatives containing a sulfur atom
attached to the carbon atom of tetrazole cycle and a free electron pair at the third
atom of the sulfide side chain (e.g. an oxygen atom of carbonyl group) exhibited
antituberculotic activity. However, the activity of the first compounds prepared was
not high. In the present paper we have decided to focus our attention to derivatives
of (l-phenyltetrazol-5-ylthio)acetic acid (XI) with the aim of preparation of deriva-

* Part LVII of the series Antituberculotics; Part LVI: Cesk. Farm. 40, 106 (1991).
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tives with modified carboxylic group and/or a bromine substituent at 4 position of the
phenyl ring, and with the aim of testing of the compounds prepared with regard
to their activity to Mycobacterium tuberculosis, Mycobacterium kansasii, and Myco-
bacterium avium.

R2

R1S
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1, R= R2= H

II, R= H R2= Br
III R1= CH2COOCH3 R2= H

IV, R= CH2COOCH3 R2= Br
V R= CH2CONH2 R2= H
VI, R1 CH2CONH2, R2= Br
VII R1= CH2CNHNH2 R2= H

VIII R1= CH2CONHNH2 R2= Br

IX, R= CH2CONHOH R2= H
X, R1= CH2CONHOH R2= Br
XI, = CH 2COOH R2= H
XII R1 CH2COOH R2= Br
XIII, R= CH2COCI R2= H

XIV, R= CH2CONHNHCONH2 R2= H

XV, R= CH2CONHNHCSNH2 R= H

The synthesis started from the known compounds: t-phenyltetrazol-5-thiol (I)
(ref.3) and 1-(4-bromophenyl)tetrazol-5-thiol (II) (ref.4). The reaction of their
sodium salts with methyl chloroacetate gave methyl (1-phenyltetrazol-5-ylthio)-

TABLE I

The values of the minimum inhibition concentration (tmol F1) of some tetrazol derivatives
toward Mycobacteriurn tuberculosis, Mycobacterium kansasii, and Mycobacterium avium

Compound Mycobacteriuin
tuberculosis

Mycobacterium
kansasii

Mycobacterium
avium

III 1000 1000 1000
IV 250 1000 1000
V 1000 1000 1000
VI 250 1000 1000
Vii 500 1000 1000
Viii 250 500 1 000
IX 500 1000 1000
XI 1000 1000 125

Isoniazid 7 62 250
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acetate (III) and methyl (1-(4-bromophenyl)tetrazol-5-ylthio)acetate (Iv), respecti-
vely. Their structure, as well as that of the other substances prepared, was verified
by means of JR spectra and elemental analysis. Thus e.g. compounds III and IV
show a v(CO) characteristic of esters (1 725cm 1

1 724 cm 1). The compounds III
and IV served as starting materials for further modifications of carboxylic group.
On action with ammonia the esters III and IV gave the respective amides V and VI
(v(CO) 1 680 and 1 690 cm 1, respectively). On action with hydrazine the same esters
gave the respective hydrazides VII and VIII (v(CO) 1 678 and 1 680 cm 1,respecti-
vely). On action with hydroxylamine, III and IV gave the respective hydroxamic acids
IX and X (v(CO) 1 670 cm1). The free carboxylic acids XI and XII were obtained
either by the hydrolysis of the esters III and IV, respectively, or by the direct reaction
of chloroacetic acid with the thiols I and II, respectively. On action with phosphorus
pentachloride, the acid XI gave the acyl chloride XIII which, however, was not
characterized and was used as a solution in toluene for further syntheses. Reaction
of acyl chloride XIII with hydroxylamine gave the hydroxamic acid IX; the same
starting chloride reacted with semicarbazide and thiosemicarbazide to give acyl-
semicarbazide XIV and acylthiosemicarbazide XV, respectively. Both these products
exhibit v(CO) values indicating the presence of carbonyl group attached to nitrogen
atom.

Table I presents the values of antimycobacterial activity wherefrom it follows that
the substances exhibit low or medium activities. The hydrazide VIII exhibits the
highest efficiency to Mycobacterium tuberculosis and Mycobacterium kansasii.
A surprising activity to Mycobacterium avium was found with the acid XI, this acti-
vity being higher than that of the currently used antituberculotic isoniazid. In spite
of the fact that the activities of the substances prepared do not surpass those of
the antituberculotics currently used (except for the activity of XI to Mycobacterium
avium), the results indicate that the tetrazole derivatives studied belong to a pro-
mising group of compounds. However, it will be necessary to investigate further
structural modifications so that some of the optimization procedures QSAR might
be applied.

EXPERIMENTAL

The melting temperatures were determined with a Kofler apparatus and are not corrected.
The samples for analyses and antimycobacterial tests were dried over P205 at 61°C at 27 kPa
24 h (at least). The JR spectra were measured in KBr using a Perkin—Elmer 577 apparatus, and
they are given in cm . The starting l-phenyltetrazole-5-thiol (I) and l-(4-bromophenyl)tetra-
zole-5-thiol (II) were prepared by the procedure given in our previous paper1 and were identified
by comparison of their melting points with those given in refs3'4.

Methyl (l-Phenyltetrazol-5-ylthio)acetate (III)

A boiling mixture of 0.53 mol (95 g) l-phenyltetrazole-5-thiol (1), 053 mol sodium ethoxide,
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and 600ml ethanol was treated with 053 mol (5725 g) methyl chloroacetate. After 1 h re-
fluxing, the reaction mixture was filtered, and the product separated from the filtrate was re-
crystallized from ethanol. Yield 632 g (476%), m.p. 85°C. For C10 H10N402S (2503) calculated:
47.99% C, 403% H, 223% N, l281% S; found: 4806% C, 395% H, 22l2% N, l253% S.
JR spectrum: v(CO) 1 725.

Methyl (l-(4-Bromophenyl)tetrazol-5-ylthio)acetate (JV)

The product was obtained from l-(4-bromophenyl)tetrazole-5-thiol (Ii) in similar way as above.
Yield 42%, m.p. 118°C. For C10H9BrN4O2S (3290) calculated: 3648% C, 275% H, l702% N,
974% S; found: 3580% C, 263% H, 16.97% N, 984% S. JR spectrum: v(CO) 1 724.

(l-Phenyltetrazol-5-ylthio)acetamide (V)

A mixture of 001 mol (24 g) ester III and ethanol was treated with l5 ml aqueous ammonia.
After 2 h standing, the reaction mixture was cooled to —10°C, and the separated crystals were
collected by suction and recrystallized from ethanol. Yield 18 g (766%), m.p. 170°C. For
C9H9N5OS (2353) calculated: 4595% C, 386% H, 2977% N, 1363% S; found: 4601% C,
377% H, 3005% N, l368% S. JR spectrum: v(NH) 3 380, 3 280, 3 220, 3 180; v(CH) 3 060,
2980,2930; v(CO) 1680.

(l-(4-Bromophenyl)tetrazol-5-ylthio)acetamide (Vi)

It was prepared from ester IVin similar way as that used above for amide V. Yield 563%, m.p.
206—208°C (ethanol). For C9H8BrN5OS (3l42) calculated: 3441% C, 257% H, 2229% N,
l021% 5; found: 3428% C, 276% H, 21.94% N, 998% S. JR spectrum: v(NH) 3 180—3 480;
v(CO) 1 690.

(l-Phenyltetrazol-5.ylthio)acetohydrazide (Vii)

A mixture of 001 mol (24 g) ester Iii and ethanol was treated with 0025 mol (l25 g) hydrazine
hydrate with stirring. After another 30 mm stirring, the reaction mixture was cooled to — 10°C,
and the precipitate obtained was collected and recrystallized from ethanol. Yield l65 g (687%),
m.p. 164°C. For C9H10N60S (2503) calculated: 43l9% C, 403% H, 3358% N, 1281% S;
found: 4313% C, 4l1% H, 3390% N, 1307% S. JR spectrum: v(NH) 3 430, 3 380; v(CH)
3 030, 2920; v(CO 1 678.

(l-(4-Bromophenyl)tetrazol-5-ylthio)acetohydrazide (Viii)

It was prepared from ester IV in a similar way as that used above for hydrazide VII. Yield 49%,
m.p. 179— 18 1°C (ethanol). For C9H8I3rN6OS (3292) calculated: 3284% C, 275% H,2553% N,
974% S; found: 3268% C, 276% H, 2578% N, 952% S. JR spectrum: v(NH) 3 250—3 480;
v(CO) 1 680.

(1-Phenyltetrazol-5-ylthio)acetohydroxamic Acid (IX)

A) Ethanolic solution of 0.01 mol (24 g) ester Iii was added to ethanolic solution of 004 mol
hydroxylamine with stirring. After 1 h refluxing, the reaction mixture was concentrated to
crystallization, cooled to —10°C, and the separated crystals were collected and recrystallized
from ethanol. Yield 20 g (79•9%), m.p. 163— 164°C. For C9H9N502S (25F3) calculated:
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4302% C, 36l% H, 2787% N, l276% S; found: 4285% C, 372% H, 2760% N, 1255% S.
IR spectrum: v(OH) and v(NH) 3 252, 3 160; v(CH) 3 020, 2995, 2920; v(CO) 1 670.

B) A mixture of 76 mmol (194 g) acyl chloride Xlii and 40 ml toluene was stirred and
treated with a suspension of 76 mmol (053 g) hydroxylamine hydrochloride in dimethylform-
amide, whereafter l52 mmol (154 g) triethylamine was added drop by drop. The precipitated
triethylammonium chloride was removed by filtration, the filtrate was concentrated to crystalliza-
tion, and the product was recrystallized from dimethylformamide. Yield 05 g (2&9%), m.p.
163— 164°C. IR spectrum is identical with that of the product of the above procedure A).

(1-(4-Bromophenyl)tetrazol-5-ylthio)acetohydroxamic Acid (X)

The substance was prepared in the yield of 64% from ester IV by the procedure analogous to
the above procedure A) used for the synthesis of compound IX. M.p. 185—187°C. For C9H8Br.
.N502S (3302) calculated: 3274% C, 244% H, 2l2l% N, 97l% S; found: 325l% C, 248% H,
2086% N, 925% S.

(1 -Phenyltetrazol-5-ylthio)acetic Acid (XI)

A) A mixture of 001 mol (24 g) ester III, 50 ml ethanol, and 20 ml IM NaOH was refiuxed
2 h, whereafter hydrochloric acid was added until pH 2, and the reaction mixture was concen-
trated to a half volume under reduced pressure. The separated oil was extracted with ether, the
extract was evaporated, and the residue was recrystallized from a toluene—ethyl ether mixture.
Yield 075 g (345%), m.p. 106— 107°C.

B) A suspension of O06 mol (1063 g) compound I and 006 mol (564 g) chioroacetic acid
in water was refluxed 3.5 h, whereafter it was cooled and extracted with ether. The extract was
dried with sodium sulfate, and the solvent was evaporated under reduced pressure. The dry
evaporation residue was recrystallized from benzene. Yield 65 g (459%), m.p. 106— 107°C. For
C9H8N402S (2362) calculated: 4576% C, 341% H, 2372% N, 1357% S; found: 4587% C,
3l8% H, 2357% N, 1377% S. IR spectrum: v(OH) 2600—3 500; v(CO) 1 700

(1-(4-Bromophenyl)tetrazol-5-ylthio)acetic Acid (Xii)

The substance was prepared by the procedures similar to those used for acid XI. Yield 355%,
m.p. 154—155°C. For C9H7BrN4O2S (3l51) calculated: 3430% C, 224% H, 2535% Br,
1778% N, 1017% S; found: 3408% C, 222% H, 2528% Br, 1775% N, 1011% S. IR spectrum:
v(OH) 2 500—3 500; v(CO) 1 712.

(1 -Phenyltetrazol-5-ylthio)acetyl Chloride (XIII)

A mixture of 254 mmol (6 g) acid Xi and 225 ml ether was treated with 2-54 mmol (53 g) phos-
phorus pentachloride with stirring and cooling at 0°C, the stirring being continued at the same
temperature for another 1 h. Then the reaction mixture was evaporated under reduced pressure
until dry, and the residue was extracted with toluene. The toluene solution was used for the
subsequent preparations.

(1-Phenyltetrazol-5-ylthio)acetylsemicarbazide (XIV)

The solution of 76 mmol (1-94 g) acyl chloride XIII in toluene was stirred and treated successively
with a solution of 76 mmol (084 g) semicarbazide hydrochloride in dimethylformamide and
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with l52 mmol (l54 g) triethylamine. After another 30 mm stirring, the separated crystals
were filtered off, washed with ethanol, and recrystallized from acetonitrile. Yield 09 g (4l3%),
m.p. 198—199°C. For C10H11N702S (2933) calculated: 4095% C, 378% H, 3343% N,
1093% S; found: 4080% C, 386% H, 3325% N, l056% S. JR spectrum: v(NH) 3 165, 3 380;
v(CH) 3040,2995,2920; v(CO) 1675, 1625.

(1-Phenyltetrazol-5-ylthio)acetylthiosemicarbazide (XV)

The solution of 76 mmol (194 g) acyl chloride XIII in 40 ml toluene was stirred and treated
with a solution of 76 mmol (069 g) thiosemicarbazide in dimethylformamide. After 30 mm
stirring, the mixture was evaporated until dry. After addition of water and ether, the precipitated
crystals were recrystallized from dimethylformamide. Yield 0'7 g (298%), m.p. 190— 191°C.
For C10H11N70S2 (3094) calculated: 3882% C, 358% H, 3169% N, 2073% S; found:
3841% C, 372% H, 3154% N, 2054% S. JR spectrum: v(NH) 3 462, 3 260, 3 168; v(CH) 3 020,
2 960, 2 938; v(CO) 1 665.

Antimycobacterial Efficiency Tests

The antimycobacterial effects were evaluated with the use of the semisynthetic liquid substrate
by u1a (USOL, Prague). The following mycobacterial strains were applied: Mycobacterium
tuberculosis H3 7Rv, Mycobacterium kansasii PKG 8, Mycobacterium avium No. 999. The sub-
stances were added after dissolution in dimethyl sulfoxide. The resulting concentrations of the
compounds in the substrate were: 7, 15, 31, 62, 125, 250, 500, and 1 000 limoiF .The minimum
inhibition concentrations were read after 15 days incubation at 37°C. The results are summarized
in Table I.

The authors are indebted to Mrs J. ifkovd from Department of Inorganic and Organic Che-
mistry, Pharmaceutical Faculty, Charles University for the measurements of IR spectra and for
the elemental analyses of sulfur. The elemental analyses of carbon, hydrogen, and nitrogen were
carried out by Mrs D. KarlIëkovd from Department of Pharmaceutical Chemistry and Testing of
Medicals of the same faculty.
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