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Aromatic thiohydrazides react with dimethyl acetylenedicarboxylate or methyl propiolate to
yield carbomethoxymethyl-substituted 1,3,4-thiadiazoles. In a 2:1 ratio of methyl propiolate to
aromatic thiohydrazide, 1,3,4-thiadiazoles with acrylate ester side chains are formed.
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The utility of acelylene esters in formation of hetero-
cyclic systems by bridging of nucleophilic centers in
acyclic precursors has been exploited as a synthetic
method in earlier papers from these laboratories (2,3,4).
Two modes of cyclization of bis-nucleophiles have been
observed. Examples are known in which Michael addition
to the triple bond and displacement upon an ester
generate the heterocycle (3,5) and others in which two
Michael-like additions to the alkyne produce the product
(6,7). With such a multitide of cyclization modes there
are often ambiguitics in product structure assignment (8).

We have investigated the condensation of aromatic
thiohydrazides with dimethyl acetylenedicarboxylate (1)
and methyl propiolate (2) in refluxing methanol and have
observed the formation in 50-65% yields of 1:1 adducts
whose infrared spectra reveal only non-conjugated ester
carbonyls (1728-1745 em™"). Elemental and mass spectral
analyses clearly eliminate the possilibity of an addition-
displacement cyclization but do not clearly distinguish
between the two possible double addition products
(1,3,4-thiadiazoles and 1,3,4-thiadiazines) Scheme I.

An N-H linkage was characterized by a single sharp
absorption in the infrared between 3300 and 3320 cm™!.
In the nmr its resonance fell between 6.5 and 7.5 ppm s
and was too broad to ascertain coupling, if any, to
vincinal carbon-bound protons as might be expected in
the 1,3,4-thiadiazoles. As has been noted for the hetero-
cyclic products derived from thiohydroxamic acids (9)
with 1 as well as from hydroxamic acids and 1 or 2(10)
definitive structural proof rests in the observed coupling
constant of the HA and HB protons. In either option,
the thiadiazoles or the thiadiazines, an AB quartet would
be expected from HA and HB but when these protons are
vincinal a maximum coupling of 12Hz would be anticipat-
ed (9) while | values of 16-18 Hz would be expected for
the geminal methylene (9,10). In compounds 3a-c
coupling constanlts of 16-17 Hz were observed.

The thiadiazoles derived from methyl propiolate, ie.,
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4a-c, must of necessily possess three interacting proton

spin systems and a typical ABX pattern was observed.
Analysis of the apparent eight-line methylene multiplet
and the four-line methinyl signal by standard methods
(11,12) extracted a JAB of 16-17 Hz again confirming
the 1,3,4-thiadiazole structural alternative.

Evans has reported the facile addition of the N-H
proton of 1,3-thiazoles across the alkynyl function of
acetylenic esters (13) and the 1,3,4-thiadiazoles prepared
herein readily underwent addition to methyl propiolate.
With a 2:1 excess of 2 benzothiohydrazide and p-
methoxybenzothiohydrazide gave 5a and 5b (Scheme II)
in 61 and 63% yields respectively. Similarly, the inter-
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mediate thiadiazole (such as 4b) prepared from the 1:1
combination of the alkyne ester and the thiohydrazide
could be converted to acrylate-pendant analog by re-
exposure Lo a second equivalent of 2. In accord with the
claims that secondary amines often display a cis stereo-
chemistry of addition to alkynes (14), both 5a and bb
appear to be the products of a cis addition. The two
vinyl protons show a coupling constant of 14 Hz in
agreement with a transoid orientation (15).

EXPERIMENTAL

Combustion analyses were provided by Dr. G. L. Robertson,
Florham Park, N. J. Melting points are reported uncorrected as
obtained on a Fisher-Johns apparatus. Infrared spectra were
obtained as thin films or nujol mulls on a Perkin Elmer 257 or
Beckman Model 33 infrared spectrophotometer.

Preparation of Thiobenzohydrazides,

All of the thiobenzohydrazides utilized in this study were
known compounds prepared as described by Jensen (16,17) from
condensation of hydrazine and carbomethoxymethyl dithioben-
zoate. The N-phenylthiobenzohydrazide has been described by
Jensen utilizing phenylhydrazine in the condensation (18).

Preparation of the 2-Carbomethoxy-2-carbomethoxymethyl-5-aryl-
2,3-dihydro-1,3,4-thiadiazoles (3a-c) and the 3,5-Diphenyl Analog
(3d).

A solution of 5.0 mmoles of the requisite thiobenzohydrazide
and 5.0 mmoles of dimethyl acetylenedicarboxylate (1) was
stirred at reflux in 25 mlL of anhydrous methanol for 3 hours,
evaporated to virtual dryness, chilled, and the precipitated
solid recrystallized from methanol to yield the title compounds.
See Table I for data and constants.

Preparation of the 2Carbomethoxymethyl5-aryl-2,3-dihydro-1,3,4-
thiadiazoles (4a-b) and the 3,5-Diphenyl Analog (4c).

A solution of 4.5 mmoles of the thiohydrazide and 4.5
mmoles of methyl propiolate (2) was refluxed in anhydrous
methanol (30 mlL) for 2 hours, evaporated, and the residue
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recrystallized from methanol to analytical purity. Initially
obtained as an oil, 4¢, crystallized on standing 3 months.
Attempted distillation under vacuo decomposed 4c¢; see Table I
for data.

Preparation of 1,3,4-Thiadiazoles with Acrylate Side-chains (5a-b).

Three hours reflux in 25 ml. of methanol of 11.0 mmoles of 2
and 5.0 mmoles of either thiobenzohydrazide or p-methylbenzo-
thiochydrazide gave, upon evaporation and recrystallization from
methanol the 5a and 5b compounds.

REFERENCES AND NOTES

(la) Present address, Rohm and Haas Corp., Philadelphia, Pa.

(1b) Present address, Department of Chemistry, University of
District of Columbia, Washington, D. C.

(2) N. D. Heindel and C. C. Ho Ko, J. Heterocyclic Chem., 7,
1001 (1970).

(3) N. D. Heindel, V. B. Fish, and T. F. Lemke, J. Org. Chem.,
33, 3997 (1968).

(4) T.F.Lemke, H. W, Snady, Jr., and N. D. Heindel, ibid., 37,
2337 (1972).

(5) N. D. Heindel, J. R. Reid, and ]. E. Willis, J. Med. Chem.,
14, 453 (1971).

(6) N. D. Heindel and M. C. Chun, J. Heterocyclic Chem.,
8, 685 (1971).

(7) N. D. Heindel and L. A. Schaeffer, J. Org. Chem., 35,
2445 (1970).

(8) M. V. George, S. K. Khetan and R. K. Gupta in “Advances
in Heterocyclic Chemistry”, Vol 19, A. R. Katritzky and A. J.
Boulton, Eds., Academic Press, Inc., New York, N. Y., 1976, p. 346.

(9) P. Rajogoplan and C. N. Talaty, Heterocycles, 3, 563 (1975).

(10) N. D, Heindel, W. P. Fives and R. A. Carrano, J. Pharm.
Sci., 66, 772 (1977).

(11) D. J. Pasto and C. R. Johnson, “Organic Structure
Determination”, Prentice-Hall Inc., Englewood Cliff, N. J., 1969,
p. 206.

(12) J. W. Emsley, J. Feeney and L. H. Sutcliffe, “High
Resolution Nuclear Magnetic Resonance Spectroscopy”, Vol. 1,
Pergamon Press, Oxford, England, 1965, pp. 359-363.

(13) D. Evans, British Patent 1, 345,148 (1974); Chem. Abstr.,
80, 133418r (1974).

(14) R. Huisgen, K. Herbig, A. Siegl and H. Huber, Chem. Ber.,
99, 2526 (1966).

(15) Reference (11) p. 183.

(16) K. A. Jensen and C. Pedersen, Acta Chem. Scand., 15.
1097 (1961).

(17) K. A. Jensen and C. L. Jensen, ibid., 6, 957 (1952).

(18) K. A. Jensen and J. F. Miquel, ibid., 6, 189 (1952).



